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CERTIFICATION

Hewlett-Packard Company certifies that this jnstrument met its published
specifications at the time of shipment from the lactory. Hewlett-Packard

" Company furiher certifics that its calibration measts ments are traceable 1o
the United States National Bureau of Standards, to the extent allowed by tie
Bureau'’s caliiration facility, and to the catibration facilities of other Inter-
national Standfards Qrganization members.

i !

WARRANTY AND ASSISTANCE

This Hewlett-Packard product is warraated against defects in materinls and
workmanship for a period of one year from thie date of shipmen. |except
that in the case »f certain components listed in Section [ of this manual, the
warranty shall be for the specihed period]. Howlett-Packard will, at its op;
tian. repair or rep Jace products which prove to be defective during the war.
ranty period provided they dre returned to Hewlett-Packard, and provided the
preventive maintensnes procedures in this manual are followed, Repairs neces-
sitated by misuse of the product are not covered hy this warranty, NO
OTHER WARRANTIES ARE EXPRESSED OR IMPLIED, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHAN'T-
ABILETY AND FITNESS, FOR A PARTICULAR PURPOSE, HEWLETT-
PACKARD 13 NOT LIABLE FUR CONSEQUENTIAL DAMAGES.,

. i

Service contracts orcustowter assistance agreements are avatlable for Hewlett-

Packard producets. '

i

For any assistance, ¢ .ntact your nearest Hewlett-Packard Sales and Service

' ¢ Office. Addresses ave provided at the back of this manual,
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SECTION I
GENERAL INFORMATION

141 DESCRIPTION

i
1-2 The Modei G235A Tripis Quiput Power Supply is a
compast general purpose benet supply particularly useful
for powering developmen.a! 1C eireuits, hath fivear and
digital. This constant-voltage/current-limiting supply com-
bines two 0° to 18V tracking outputs rated at 0.2A with
asingle 0° to +6V output rated at 1A, The +18V and —1BV
tracking outputs can also he used irrserics as a single 0 to
36V, 0.2A output. Connectians to the nutputs are marle
to binding posts 3n the frant panel. - The +6V and +18V
outputs share a common output terminal which Is isalated
from chassis ground. The chassls ground terminal is tocated
on the supply'ls rear heat ﬁink assembly.

1-3 Each ocutput is protectad against gverload or shorlt- \
circuit damage by separate fixed qurrent limit circuits. The
+18V and —1BV cutputs are each limited to 0.255A 116%
and the +6V output is limiteu'to 1.276A £15%,

1-4 Valtage contrals, output terminals, and a combin
ation voeltmeter/ammeter are located on the front panel,
One voltage control sets the @ to 16V output and another
simultaneousty adjusts the 0 1o +18V and 0 to —18V dual
tracking outputs. A tracking ratio control scts the ratio
between the +18Y and —18V outputs. It can set the negs-
tive supply’s cutput to any value between a minimum that
is less than 0.6V and a maximum that Is equal to the positive
supply's output. A 1:1 ratio is useful when powering opera-
tional emplifiers and other circuits that require balanced
positive and negative voltages. Once the tracking cantrol
has established a voltage ratio between the positive and neg-
ative outputs, the ratio remains constant as the 218V valt
age controt varies both outputs.

15 The front panel alse contains a line pushbutton
switch with a simulated {non-electrical) on-off indicator,
and four meter select pushbutton switches. One meter push-
button selects eithar voltage or current monitoring and

the remaining three pushbuttuns select the outpur to be
monitored and the proper meter range,

1-6 In addition to the standard 104-t0-127Vac, 47-10-

63Hz input, a 240Vec nominal line voltage cption is avail-

*Each output has a minimum operating voltage of < 50mV.

111

able. The supply is furnished witk a permanently attached
+B-foot 3-wire grounding type line card. The ac line fuse is
in an extractor type fusehotder or the rear heatsink.

1.7 SPECIFICATIONS AND SUPPLEMENTAL
' CHARACTERISTICS
18 Table 1-1 provides specifications and supplementat

characteristics far Triple Qutput Power Supply, Model
6235A. Specifications describe the supply's warranted
performance characterisuics. The supplemental chara *eristics
are typical, but pon-warranted, performance charactenstics
and ara intended to provide additional information usefut

in applying the power supply.

19 OPTIONS

1-10 Ontions are feciory madifications of a standard
instrument that are requested by the customer. Thy' Tollow-
ing options are available with this instrument,

OPTION NO., DESCRIPTION
028 Input pever. 208-250Vac, 47-63H>,
single pMase.
210 One edditional operating and service
manua) shipped with the power supply.
1-11 Before the supply is shipped from the factory, an

internal line vol ;age selector switch is set and the proper
fuse installed for the line voltage specified on the order, A
label on the raar heatsink identifies this linc voltage option.
The user can convert on instrument from one line voltage
option to the other by following the instructions in para-
graph 3-13.

1-1". SAFETY CONSIDERATIONS

1-13  This product is a Safoty Class 1 insturment {pro-
+ided with a protective earth terminal), The instrument
and manual should be reviewed for safety markings and
instructions before operation,

1-14  ACCESSORIES

1-16 The accessory listed below may be ardered from
your local Hewlett-Packard field sates office either with the




power supply or separatrly, {Rofor to the list at the rear of
'the manuat 1br adresses.)

i

HP PART NO. " DESCRIPTION
14522A Rack Mounting Tray for mounting

one or two 6235A suppl'esin o
standard 19" rélav rack.

1 ‘
116 INSTRUMENT AND MANUAL
IDENTIFICATION

1-17  Hewlert-Pockard power supplies are identified by

i two part serial number. The first part Is the serial number
~ prefix, a number-tetter combination that denotes the date

of a significant design change and the country of manufac-

wure. The first two digits indicate the year {10 = 1870, 11 =

1971, etc.) the second two digits indicate tho weck, and the

letter "A” designates the U, S. A, as the country of manufac-

twre, The secand part is the power supply serial number, A
different sequential number is assigned to each power sup-
ply, starting with 00101,

118 If the serial number on your instrument does not
agree with those on the title page of the manual, Change
Sheets supplied with the manugl or Manual Backdating
Changes define the difference between your instrument
and the instrument described by this manual,

1-19 QRbERING ADDITIONAL MANUALS

' h ‘ ]
1-20 One maiual is shipped with cach power supply.
{Option D10 is ordered for each extra manual, sce paragraph
1.9,} Additional manuals may also be purchased separately
{rom your local Hewdett-Packord field office {see the list at
the rear of this manual fo: addresses). Specify the model
numbser, serial number prefix, and the HP Part Number pro-
vided on the title page.

Tahle'1-1, Specifications and Suppi'emental Characteristics

SPECIFICATIONS:
The following specifications describe the 6235A"
warranted performance characteristics,

DC Quiput:

Voltage span over which output may be varied using
front panel controls. ‘

* Minimum operating voltage for each output Is £ 50
millivolts. :

* 0 1o +6V Output. Maximum rated output current is
1A, -Short citcuit putpyt current is 1,275 £15% and a lixed
current 1imiit circuit limits the output to this maximum at
any output voltage setting.

0" 10 £1BY Curout: Maximum rated current is 0.2A for
each output, Short vircuit output cusrent is 0.255A £15%
and fixed current limit circuits limit the output of each sup-
ply to this maximum at any oulput voltage setting. Unbal-
anced loads within current rating are permitted.

Input Power:

Standard Qption: 104-127Vac {120Vac nominal}, 47
63Hz, single phase, (240Vzc line voltage option available,
see paragraph 1-9.}

Load Effect {Load Regulation}:

Voltage load effect is given for a load current change
equal to the current rating of the supply.

0 to +6V Qutput: BmV

0 to 18V Qutputs: 10mV

Source Effect {Line Regulation):
Given for any line voltage change within rating.
0 to 16V Qutpur: BmV
0 to £18V Cuiputs: 156mV

PARD (Ripple and Naise):
All Qutputs: Less than ImV rms and SmV p-p {20Hz 1o
20MH2).

Load Treiasient Recovery Time:

All Qutputs: Less than BOpsec for output recovery to
within 16mV of nominal output voltage following a foad
change from a full load ta half load {or vice versal.

Temperature Ranges:

Operating 0 to +40°C ambient. From 40°C to 56°C, out-
put current is derated linearly to 50% at 55°C.

Sterage: —40°C 10 +76°C.

Meter Ranges:
0to +6V Qutput: 0to 7V, 010 1.2A
0to +18V Qutput: Oto 21V, 0 to 0.24A
0 to —1BV Qutput: 01o 21V, 0 to 0.24A

Meter Accuracy:
Voltmeter: Afl Qutputs: 23% of full scale
Ammeter: All Qutputs: £4% of full scale

Weight:
Net: 51b {2.3 kq)
shipping: 7 Ib (3.2 kg)




Tahle 1-1. Specifications and Supplemental Characteristics [Continued)

SUPPLEMENTAL CHARACTERISTICS:

The tollowing characteristics arg intended to provide
information useful in 6235A applications by giving typical,
hut non-warranted, perfermance parameters,

Regulation cnd Ripple (Typica! performance parsmaters):
The maximum load trquiatiun, line requlation, and ripple
specifications listed on page 1-2 are glven for 0 to 40°C
temperature range. At an ambient temperature of 25°C,
typicat performance charactudistics are as tollows:
Load Regutation:
0 to 4GV Qutput: dmV
0 to £18V Output: 6mV
Line Ruegulation:
0 to +6V Quiput: 4mV
0 to 18V Qutput: 6mV
Ripple:
All autputs: 0.2mV rms,

Tracking Accuracy (t18V Qutputsh:

The output voltage tracking ratio remains constant
{within 17%) over the voltage range from 1 to 1B volts for
any TRACK contral setting,

Temperature Coefficient:

Al Qutputs: Less than 0.04% + 2mV voltage change per
degree Celsius aver the operating range from 0 1o 40°C
after 30 minutes warm-up.

Drift {Stability):

All Quitputs: Less than 0.1% + 10mV (de to 20Hz2} during
B hours at consiant fine, load, and ambient after an initial
warmeup dme of 30 minutes.

1.3




SECTIOM il
INSTALLATION

241 INITIAL INSPECTION

2.2 Before shipment, this instrument was inspected ond
found to be free of mechanical and etectrical defects, As
soan as the instrument is unpacked, inspect for ony damage
that may have occurred in transit, Save all packing materizls
until the inspection is completed. 1{ damage is found, file
claim with carrier immediately. The Hew'ett-Packard Sates
and Service oflice should be not*'ied as soon as possible,

23 Mechanizal Check

2.4 This check should confirm that there are no broken
knabs or connectars, that the cablnet and panel surfaces are
free of dents and seratches, and that the meter is not
scratched or cracked. '

2.5 Efectiical Check

26 The instrument should be checked ogainst its elee-
trical specifications. Section V includes an "in-cabinet’’
performance check to verify proper instrument operation.
27 INSTALLATION DATA

2.8 The instrument is shipped ready for bench opera-
tion. Before applying power to the instrument, see the
CAUTION noticc in +saragraph 3-11.

29 Location

2-10 This instrumen® is air cooled. Sufficient space
should be allotted so that o free flow of cooling air can
reach the rear of the instru nent when it is in operation, It
should be used in an area wiere the ambient temperature
does not exceed 40°C {up 13 65°C with derating).

2-11  Qutline Diagram

212 Figure 2-1 illustra“es the cutline shape and dimen-
sions of this supp. ,.

213  Rack Mounting

2-14 One or two 6235A" may be mounted in a standard
19-inch rack panel using rack mounting tray HP Part No.

14522A. Installation consists of bolting the rack mounting
tray to the 19-inch rack and stiding the power supply(s} into

21

the slot{s} provided in the tray. The power supply’s rubber
{eet are seated in holes in the bottam of the tray.

215 Input Power Requirements

2-16 The supply may be operated continuously irom

a nominat 120V ar 240V {47-60H2) single phase pawer
spurce. The sur aly Is shipped fram the factory ready to

ke operated {rom ane of these power sources. A label on
the rear heatsink [dentifies the line voltage option of your
supply. The input voltage range and input current required
for each of the nominal inputs are listed below. The maxi-
mum input power {high line, full toad conditions) required
for either Input is 35 watts.

Line Voltage Maximum
Option Range ingut Current
Standard (120Vac} | 104-127Vac 264
028 {240Vac) 208-260Voc | J4A

217 1f destred, the user can convert the unit from one
oplion to another by following the instructions in paragraph
3-17. Aunitis converted by resetting an internal line volt-
age selector switch, replacing the fuse and line cord plug,
and changiny the tine voltage label,
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Figure 2-1. Qutline Diagram
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Z-18 Power Cable

2-19 To protect aperating personnel, the Natfonal
Etectrical Manufacturers Association INEMA) recommends
that the Instrument panel and cabinet be grounded. This

instrument Is equipped with o three conductor power cable.

‘The third conductor is the ground conductor and when the
cahle is plugged Into an appropriate receptacle, the instiu-
meant is grounded. The offset pin an the power cable threo-
prong connector is the ground connection, [n no event
shall this instrument be operated without an adequate cabi-
net ground connection,

220 To preserve the protection feature whien operating
the instrument from a two-contact outlet, use a three-prong
to two-prong adapter [if permitted by local regulations)
and connect the green lead on the adapter to ground.

221 Model 6235A is equipped at the factory with 8
power cord plug apprapriate for the uset’s location. Figure
2-2 illustrates the standard configuration of pown'r cord
plugs used by HP, Below cach drawing is the HP Part Num-
ber for a renlacement power cord equipped with a plug of
that vonfiguration. Notify the nearest HP Sales Office if
you require o different power cord.

2.22 REPACKAGING FOR SHIPMENT

2:23 Ta Insure safe shipment of the instrument, it is
reconimended that the package designed for the instrument
be used. The original packaging material is reusable, 1f it
is not available, contsct your local Hewlett-Packard field
office to obtain the materials, This olfice will also furnish
the address of the nearest service office to which the instru-
ment ean be shipped and provide the Authorlzed Return
label necessary to expedite the handling of your instrument
return. Be sure te attach a tag to the instrument which
specilics the ownar, model number, full sarial number, and
service required, or a bricf description of the trouble,

(@) W
8123-00%0 8120~1531 OPTION 028
" STAKDARD {120WC) 1 240VACYH 1240 VAC)
1 9
30) °°
er20-1389 Bl =169t 8120 - 2104
{240VAL) {240VAC) {24QVAC)

Figure 2-2. Power Cord Plug Configurutions
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SECTION TN
OPERATING INSTRUCTIONS

- 31 INTRODUCTION

3-2 This section describes the epetating santrols and
indicatars, turn-on checkout proceddres, and other opera-
ting ¢’ nsiderations for the Mode! 6235A Triple Quiput
incr Supply.

WARNING

Before the instrument s switched on, all protective
earth terminuls, extension cords, atto-transfonners
and devices connected to it should » connected

to a protective earth grovnded sock 1. Any inter-
ruption of the protective, m‘w_rh gro anding will cause
a potential shock hazard.that could resuit in
personal injury.

) Only fuses with the required rated curren. and

specified type simulq be used. Do not 150 repaired
fuses ur short circuiled fuscholders. To do so
could c.ruse a shock or fire hazard.

33 CONTROLS AND INDICATORS

44 Line Switch

3.5 The LINE pushbutton switch {item @ , Figure
3-1) is pushed-in to turn the supply ON and released {out
position) to turn the supply OFF. A simulated (non-clectrie
cal) ON indicator {within the pushbutton) "lights” when the
button is pushed-in whether or not power is applied to the
unit,

3-6 Voltage and Current Metering

3.7, Four meter selcct pushbutton switches (items @
and @ } permit the output voltage or current of any one
supply {(+6V, +1BV, or ~18V] to be monitored on the

VOLTS/AMPS meter (3) . The V/A pushbutton (2)

salects either voltage {out position} or-current {in position),

" The 46, +18, and —18 output select pushbuttons @

connect the desired output to the metering circuit when the
applicable butten is pushed-in. The three output select
pushbuttans are mechanically interlocked so that only one
can be pushed-in at a time. The valtmeter and ammetcer
ranges selected by the +6, +13, and - 18 pushbuttons are
listed below. The shaded greas on the meter scales indicate
the amount of output voltage or current that may be avail-
able in excess of the normal rating.

OUTPUT METER RANGES

: VOLTS AMPS
AT 07 0-1.2
118V 0-21 0-0.24
-18v o-21 0-0.24

3-8  Voltege Controls

39 The+6 VOLTAGE control (T sets the output
voltage levet of the 46V supply and the £18 cantrol @
sets the putput voltage levels of the dual tracking 218V sup-
plies. Precise tracking of the +18V and — 1BV ovtputs is
ochieved by contrclling the positive cutput and using it as a
refarence veltage for the negative supply. The TRACK)
VOLTAGE control @ sets the ratio betwuen the —18Y
and +18V output vaoltages. Once the ratio is set, the 18
VOLTAGE contro! will contral both outputs with a const: i
ratio malntwned between the two outputs. The voltage
contrals {cenmet potentiometers) have infinite resolution;

*thus, the resolution obtained depends only upon the user’s

care in set*ing the controls. Greater accuracy in setting the
contrals can he achieved by using a DYM to measure the
outjuts,

10 TURN-ON CHECKOUT PROGEDURES -

-1 The following steps des<ribe the use of the Madel
J23B6A front panel controls and indicators illustrated in
Figure 3-1 and serve as a brief check that the supbly is opera-
tional. Follow this checkout procedure or the mare detaifed
performance test of paragraph 56 when the insteument is
received and before it is connected to any load equipment.
Proceed to the more detailed performance test beginning in
paragraph B-6 if any difficulties are encountered.

CAUTION—

Before the supply is switched on, check

the label on the heat sink to make certain that

the supply’s line  oltage option wgrees with the

tine voltage to b sed. The supply will be damaged
if its internal swh . Is set for o 120Vac input and
<sQVac input gos,  is applied.

2. Connect line c.
LINE switch (1) in.
b. Set meter setect sw..ches (@) | @ to manitor

to power source and push
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Figure 3-1, Controls and Indicators

1
16V supply's output voltage. With no load connected, vary
the 16 VOLTAGE control @ avey its range and check

‘that the voltméter @ responds to the controt setting.

"y & Monitar the +18V supply’s output voltage. With no
load connected, vary the 118 VOLTAGE control over
{ts range und cheek that the voltmeter responds to the
control setting.

d. Manitor the —18Y supply's output voltage, Turp
TRACK VOLTAGE control fully cleckwise. With no
load con,ncceéd, vary the 18 VOLTAGE control @ over
its range and check that the voltmeter tespoands o the con-
trol setting. ‘

¢, Monitor the Y18V output and adjust +18 VOLTAGE"
control for +1BV indication on vaitmeter, Menitor the
18V output and check the effect of the TRACK YOLTAGE
control on the valtage of the - 1BV output. The —18V out-
put should be adjustable fram l2ss than 0.6 volts to a maxi-
mum of 18 to 21 volts as the TRACK controt is rotated
from its fully CCW 1o its fully CW position.

f. Turn the 46, 118, and TRACK VOLTAGE controls
tully CW. Connect ammmeter (. g. Simpson Multimeter,
Madel 269), in turn, between each output and COM. The
internal resistance e! (he meter is low enough to overload
the supply so that the cutput will cursent Himit, Verify that
the current limit circuit in each supply is limiting the output
current to:

Supply Current Limit
BV 1,275A £15%
+18v 0.266A 216%
-8V 0.255A £15%

g. Remove meter and connect loads to the output ter-
minals {see paragraph 3-23}.

3-2

316

312 If this brief checkout procedure or later use of the
supply reveals a possible matfunction, see Section V of this
manual for detailed test trouteshooting, and adjustment
procedurns,

313 LIMNE VOLTAGE OPTION CONVERSION

314 To conwvert the supply from one §ine voliage option
to the ather, proceed as follows:

1. Disconnect line cord from the power source,

2. Remove top cover from supply by removing
2 screws in rear of supply and sliding cover to tne rear. The
line voltage selector switch {82) is mounted on the circuit
board behind the meter,

3. Set 52 to the desired pasition (see Figure 3-21,
The forward switch position (toward front panel) selects
120Vac input and the rear switch position {towary heat
sink} setects the 240Vac input.

4, Check the rating of the installed fuse and
replace it with correct value, if necessary, For 120Vae
input, use a 0.4 A slo-blow fuse (HP Part No. 2110-0340).
For 240Vac input, use 2 0.2A slo-hlow fuse {HP Part No,
2110-0235).

b. Instalt proper line cord and plug {see paragraph
221).

6. Mark the supply clearly with a tag cr [abol
indicating the correct line voltage to be used.

3.15 OPERATIONM

This power supply can by aperated indwvidually or
in parallel with another supply {see p.eragraph 3:27). All
output terminals are isotated fron chassis ground. The 16V
and 1BV sutputs use a single comman cutput terminal
This comman (COM) terminal or any one of the other out-
put terminals may be grounded to the chassis ground termi-
nal which is located on the supply’s rear heat sink. Al out-
puts may also be left floating. Loads can be connected
separately between each of the 0 to 18V output terminals
and the COM terminal, or between the +18V.and 18V
terminals for a 0 to 36V output. A rsingle load can also be
connected between the 46V and ~ 1BV terminals fora 0

to 24V output.

— 240V 120V ——us

[

FRONT
oF
SUPPLY

Figure 3-2, Line Voltage Selector (Set For 120Vac)




3-17 Tracking Ratio

3-1B  The TRACK VOLTAGE control can be used to
set a 131 ratio so that the voltage of the —18V supply tracks
that of the +18V supply witnin 1% for convenlence in vary-
ing the symmaetrical voltages nedded by operational ampli-
fiers and other chreults using batanced positive and negative
Inputs. The TRACK contral can olso br used to set the !
negative supply’s output from a minimum nf less than

0.5 volts to a maximum equal to the +18V supply’s cutpot,
Once the ratio s set, the t18 VOLTAGE contrel o rone
trol bath output and maintain o constant ratio betwe:n the
voltages. To set the ratio between the —18V and +18V put-
puts, proceed as follows: )

NOTE

Any accidental movement or mechanical
vibration can vary the tracking ratio setting.
Greater accuracy In setting the controls can
be schieved by using a DVM ta measure the
718V outputs.

a. Set the Qto +1BY ‘supp!y's output to the desired
value using the 18 VOLTAGE control.

b. Set the 0 to —1BV supply’s ouiput to the desired
value [equal to or lower than the magnitude of the +18V
supply’s cuiput} using the TRACK VOLTAGE contral,

3-19  Overcurrent Protection,

3-20 All three outputs are individually protected against
overload or short-clrcuit damage by separate current limit-
ing ¢ircuits, The circuits for the +18V and ~1BV supplies
are factory adjusted to limit the output current to 0.255A
$16%. The circuit for the +GV supply is factory adjusted
to limit the output current to 1.275A £15%. The current
limits are set by adjusting resistors R3 in the +18V, R13 in
the —18V and R23 in the 46V su,ply, (See paragraph 547
for current limit calibration procedures). No deterioration
of a supply’'s performance occurs if the gutput current
remainis below the current limit setting. If asingle load is
connected between the +1BV and —~18Y outputs, the circuit
set for the lesser current Jimit will limit the cutput.

3-21 Operation Beyond Rated Qutput

3-22 The supply may be able to provide voltages and
currents greater than its rated maximum outputs if the Jine
voltage is at or above its nominat value. Operation can ex-
tend into the shaded areas on the meter faces without dam-
age to the supply, but performance specifications cannot
be guaranteed.
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3-23 Connecting Loads

3-24  Connect cach Joad to the power supply output
termina's using separate pairs of cannecting wires, This
minimizes muteat coupling between loads and takes full
advantage of the low guipdt impedance of the supply. Load
wires must be of adequately heavy gauge to ralntain satls-
factory regulation at the load. Make each pair of canneciing
wires as short as possible and twist or shield them to reduce
naise pick-up. 1 shielded wire Is used, coinect one end of
the shield to the power sup~ly ground tarminal and [eave the
other end unconnected. The 623BA’s chassis ground term:
Inal is focated on the rear of the supply.

3-26 If load considerations require focating output power
distribution terminals at a distance from the power supply,
then the power supply output terminals should be nonnected
to the remote distribtztion terminais uy a pair of twisted or
shiclded wires and each load should be connected to the
remote distribution terminals separately,

3-26  Parallel Operation

327 Two or more power supplies can be connected in
parallel to obtain a total output current greater than that
available from one supply. The totat cutput current s the
sum of the outpy* currents of the individual supplies, The
output voltage controls of one power supply should be set
to the desired output voltage, and the other supply set for
a slightly larger output vollage. The supply set to the lower
output voltage witl act as o constant vaoltage source, while !
the supply set to the higher output will act as a current- '
limited source, dropping its output voltage until it equals
that of the other supply., The constant voltage sousce will
deliver anly that fraction of its rated output current neces-
sary to fulfill the total current demand.

3-28 Special Qperating Considerations

|
3-29  Pulte Loadin The power supply will automatically
cross over from constent-voltage to current-limit operation
in response to an incruase in the output current over the
preset limit. Although the preset limit may be set higher
than the average output current, high peak currents as occur
in pulse loading may exceed the preset current limit and
cause crossover to occur and degrade performance.

3-30  Output Capacitance. An internal capacitor across
the output terminals of the power supply helps to supply
high-current pulses of shost duration during constant-volt-
age gperation. Any capacitance added externally will im-
prove the pulse current capability, bul will decrease the

)
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load protection provided by the curtent liniting cireult. A
high-current output pulse mev damage load components
before the average autput current Is [arge enough to cause
the current limiting clrcuit to operate.

31 Revarse Current. Loaoing. An active load connee-
tud to tha power suppls may actually deliver a reverse cur-
rent to the supply during a portian ol its aperating cycle,
An external source casnot be ailowed to pump current

into the supply withaut risking lass of regulation and paoss-
ible damage to the output copacitor, To avoid these effects,
it Is necessary to p ++oad the supply with o dummy load
resittor so that the pawer supply deli-ors current through
the entire operating cycle of the load device.
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3.32 Reverse Voltage Protection, Internal diodes con-
nected with reverse polarity across the output terminals
protect the output electrolytic copacitors and the driver
transistors from the effects of a reverse voltage spplied
across a supply output. Since series regulator transistors
cannot withstand reverse voltage either, diodes are ulso
connected across them, When operating suppties In parallel,
these diodes protect an uneneryized supply that is in parallel
with an energized supply.

3-33 Output Voltage Overshaot. During turn-on or
turn-off of ac power, output plus overshoot will not exceed
1V if the cutput is set for less than 1V, VE the control is set
far 1V or higher, there is no overshoot.
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SECTION IV
PRINCIPLES OF OPERATION

41  OVERALL DESCRIPTION

4.2 This section uresents the principles of operation

of the Madel 6236A Triple Quptut Power Sunply. Through-
out this section refer to the schematic diagram ot Figure
AR

4.3 Two primary windings of the power transformer
are connected for either 3 120Vac or 240Vac input by set-
ting selector switch 52 mounted on the circuit board to the
desired position. The three transformer secondaries provide
reduced ac voltages to the rectifiers in each supply. The
rectifier-filters in each supply convert the ac to unregulated
de for application to the asscciated requlator circuit, The
bridge rectificr in the 46V supply also provides bias voltages
for the £18V supplies. Eachk supply contalns a series regu-
lator transistor which adjusts its current so that a regatated,
constant voltage is available across the output terminals,
The 0 to +£V supply is rated at 1A and the 0 to 18V sup-
plies are each rated at 0.2A. Because of cemponent speci-
fications {principally the specifications for voltage regulator
I1C’s U1 and U1 1), each supply (0 to +6V, Dto +18V, D to
—18V} has a minimum operating voltage of < 50V (nor
0V}, The output valtages ot the +18V and —18V dual
tracking supplies are sct by the same front panel control
{18V VOLTAGE control}, Precise tracking of the two out-
puts is achieved by using the regulated positive output as
the reference voltage for the negative supply, Each supply
has a fixed current limit which is fectory set at approxi-
mately 130% of its maximum rated output.

44 Four meter select pushbutton switches select which
of the supplies has its output voltage or current indicated
on the combination voltmeter/ammeter. The proper meter
range is selected automatically,

4.5 Oto+i8V REGULATED SUPPLY

A6 The 0 to +18V regulated supply consists bagically
of fullwave bridge rectifier (U2), PNP series regulator trans-
istor {Q1), and negative veltage regulator IC {U1). A
simplified schematic of the IC is provided on Figure 7-1.

Its basic contents include: an error amplifier, driver, current
limit circuit, reference supply, and a current source,

4.7 The fullwave bridge rectifier and capacitor fitter

{C1) provide an unregulated 36Vdc which is connected
across the regulator cirguit. The PNP series regulator, con-

nected in the negative output line provides the voltage drop
that is the difference between the unregutated input ve'tage
and the regulated output voltage. The current through the
series regulator s adjusted to maintain the output voltage
constant. The series regulator Is part of a fecdback loop and
alters its conduction in accordance with contral signals
received from the driver. The driver is controlled by feed-
back signals from the error amplifier during constant voltage
operation or the current limit circuii during current limit
apetation.

4.8 Constant Voltage Operation

4.9 The error amplifier cantinuously compares a stahle
reference voltage with a portion of the vitput valtage, The
reference voltage applied to the error amplifier is developed
across the 1B VOLTAGE cantrot R1 which is connected
between the positive output ine and the tC's adjustn. 'nt
terminal {U1-7), b a ¢ rarence exists between the reference
voltage and the output voltage, an error volitage Is generated
fo control the conduction of the series requiator, which, in
turn, alters the gutput voltage so that the difference between
the two inputs is reduced to neraly zere L guts.

4-10 At the driver output {Booster Quiput U1, pin 7)

a negative voltage change causes an increase in the conduc-
tion of Q1. For output voltages greater than O volts, the
negative booster output is applied to the base of Q1 through
diode CR1. For this condition, transistor Q2 is turned off,
When the output is set to zero volts, CR1 is turned-off and
Q2 is turned-on, With 02 wrned-on, Q1 is turned-off and
most of the leakage current Is shunted away from the output

. terminals holding the output near zero volts.

4-11 Besides m.intaining the output voltage constant,
the error amplifier also originates the control signals neces-
sary to establisiy output voltage levels n accordance with the
settings of the 218 VOLTAGE contro! {R1). The voltage
control varies the reference voltage supplied to the error
amplifier which, in turn, determine: the output voltage of
the supply. Since the +18V supply’s outprit voltage is used
as the reference for the ~18V supply (see paragraph 4-16),
the £18 VOLTAGE control simultancously adjusts the out-
put of both supolies, Clockwise rotation of the :18 VOLT-
AGE control {R1) causes the outputs of both supphes to
increase. The output voltage scale factor is approximately
2 volts/1000 ohms.
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4.12 Current Limit Operation

413  Current jimiting occure when the current limit
transistor in the voltage regulator IC (U1} conducts. Thisis
determined by the voltage drap across current sampling
resistor R4 and the adjustment of current limit potentio-
meter B3, When the output current reaches the limit vatue
{0.255A £16%), the positive voltage at U1-6 becomes targe
enough and turns on the current limit transistor, For this
conditon, the cureent limit eircuit takes control of the
regulator’s cuiput voltege and reduces it as necessary to
keep the “utput current from exceeding the limit value,
Because of the dual tracking interconnection between the
pasitive and negative 18V supplies, the output voltages of
both are reduced if the positive output is overloaded. When

the overload |s removed, the rurrent limit transistor i< turped-

off returning control of the regulator’s cutput te thy error
amplifier.

4-14  Circuit Protecticn Components

4-15  Diodes CRS and CRG cach protect the +18V supply
from specific hazards. Qutput diode CR5 protects the sup-
ply’s components it a reverse voltage Is applied to the out-
put terminals. A common way for this to occur is for an
un~rgized supply to be connected in series with another

that is energized. The series regulator diede, CRG, protects
the series regulator transistar § 'om reverse voltage. Reverse
series regulator voltage could occur if o deenergized supply
were connected in parallel with an energized one,

4-16 0to—18V REGULATED SUPPLY

4-17  The 0 to ~18V supply consists basically of full-
wave bridge rectifier (UT2), NPN series resuisiu transistor
17111}, comgarisen amplifier {U11), and current limit

sensing amplifier (Q12), The NPN series regulator, connected
in the suppiy’s pasitive output line, adjusts the unsequlated
dc +oltage <o that a reguiated constant voltage is produced
acrost the —18V and COM output terminals, At the output
of th. comparison amphfier, a positive voltage change causes
an increase in the conduction of Q11.

4-18 The —18V supply uses the output of the +18V
supply as its reference voltage. As aresut, both outputs

are set by the 18V VOLTAGE control and track each
other within 1%. Resistor R12 and TRACK VOLTAGE
potentiometer R11 a2re connected in series belween the +18V
and =18V outputs. The mid-point of this voltage divide: is
connected to the nen-inverting input of the compar son
amplifier through R16. The amplifier’s inverning input is
connected to COM to hold it at zero volts, The amplifier
keeps its differential input voltage st zero by matching the
output valtage cf the —18V supply to that of the +18V
supply. The THACK control sets the ratio between the
—18V and +18V outputs. Turning the control counterclock-
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wise reduces the resistance and lowers the voltage of the
negative output,

4419 Current limiting for the ~18V supply is effected
through terminal 8 of comparison amplifier W11, Current
limiting oceurs when transistor Q12 conducts, This is deter-
mined by the voltage drop across current sampling resistor
R14 and the odjustment of currert limiting pate itiometer
R13. When the output current reathes the limit value
{0.265A £16%), Q12 conducts and caw ses a negative going
output change at )11-6 which reduces the output voltage

in arder 1o keep the output current from excecding the limit
value.

420 0to+6V REGULATED SUPFLY

4-21 ‘The 0 to +6V supply consists basically of fullwave
rectifier diodes CR23 and CR24, PNP driver transistor Q22,
NPN series regulator transistor Q21, and negative valtage
regulator [C (U21).

4.22 Diodes CR23 and CR24 and the center-tapped
secondary transformer form a fullwave rectifier circuit.
This circuit along with filter capacitor C218 provides an
unreguiated 16Vde (nom.) for the 0 to +6V regulator circuit.
Diodes CR23 and CR24 are also part of o fullwave bridge
rectifier circuit that alse includes diodes CR21 and CR22.
The fullwave bridge rectifier circuit and filter capacitor
C21 A provide bias vnltage tor comparison amplifier U11

in the =18V supply and for transistor Q2 in the +18V
supply. Bleed current from the —18V supply Nlows through
R17.

4-23 Except for differing component designations and
values, paragraphs 4.8 through 4-15, which describe constant
voltage operation, current limit operation, and gircuit pro-
tection companents for the +1BV regulater clrcuit, also apply
to the +6V regulation circuit, The onty difference in circuit
operation is that the +6V supply utilizes a PNP driver trans-
istor {Q22) in conjunction with 3 NPN serics requlator
transistor {Q21). Ferrite bead L1, connected between the
emitter of Q22 and COM suppresses high frequency oscilta-
tiors. Also, transistor Q23 is included with VR21 in the
+6V supply to improve line regulation. In addition, the 16V
supply'’s current limit is set to 1.276A £15% whereas the
+1BV supply has a current fimit of 0.255A 215,

4-24 The output vottage or cutput current of any one
supply can be measured on voltmeterfammeter {M1}). The
volts/famps pushbutton (S3) selects either voltage or current
and the +6 (5S4}, +18 {85}, and —18 {56} pushbuttons con-
nect the desired output to the metering circuit, R36 and
R32 are voltage scaling resistors for the +6V and 1BV sup-
plies, respectively, When measuring output current, the
meter, in series with ammeter adjust potentiometer {R31),
is connected across the applicable current sampling resistor.







SECTION V
MAINTENANCE

5-1 INTRODUCTION

52 Upon receipt i the power supply, the performance
test of paragraph 5-6 can be made, This test is suitable for
incoming inspection. Section [l contalns a quick but less
comprehensive checkout pracedure that can be used in lieu
of the performance test if desired.

53 I a fault is detected in the power supply while
making the performance test or during normal operation,
prozeed to the troubleshooting procedure In paragraph 532
After troubleshooting and repair, repeat the performance
test to ensure that the fault has been properly corrected and
that no other faults exist. Before performing any mainte-
nance checks, turn on the power supply and alfow a half-
hour wasm-up,

654  TEST EQUIPMENT REQUIRED

56 Table 5-1 lists the test equipment required to per-
form the varigus procedures described in this section.

56 PERFORMANCE TEST

R7 The following test can ba used as an incoming in-
spection check and appropriate portions of the test can be
repeated to check the operation of the.instrument after
repairs. If the correct result is not obtoined for a particular
check, proceed to the troubleshooting precedures of para-

graph 6-32.

~—=CAUTION —

Before applying power to the supply, check the
label an the heat sink to make certain that the
supply s line voltage option agrees with the line
voltage tn be used, The supply will be damaged
if its internal switch is set for a 120Vac input
and 240Vac input power is applied.

Table 65-1. Test Equipment Required

REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE MODEL
Digital Sensitivity: 100mV fu!l scale Measure dc voltages: HP 3490A
Voltmeter {min.}). lnput impedance: calibration procedures
10 megohms {min.).
. Variable Range: 80-130 Vac Varyacinput | e
Voltage Equipped with voltmeter
Transformer accurate within 1 volt .
Oscilloscope Sensitivity: 100uV/cm. Display transient re- HP 180C with 1821 A,
Differential input. spanse and ripple and and 1801A or 1803A
noise waveforms. plug-ins.
Repetitive Rate: 60 Hz, 2us Measure translent See Figure 5-5.
Load Sw. rise and f3ll time response,
Resistive Value: See Paragraph 5-11, Power supply foad James G. Biddle
Loads Tolerance: 5% vesistor {fixed resistor {“Lubri-Tact™
or rheostat). Rheostat)
Current Value: See paragraph 5-13. Measure output current Simpson Portable
Sampling Accuracy: 1% {minimum) Shunt, 06703,
Resistor {Shunt}
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6-8  General Measurement Techniques

59 Connaecting Measuring Devices. To achieve valid
results when measuring the toad effect, PARD {ripple and
noise), ond transient recovery time of the supply, measuring
davices must be connected as clnse 1o the output terminals
s possible. A measurement made across the load includes
the impedance of the leads to the load. The Impedance of
the load leads can easily be severalorders of magnitude
greater than the supply impedance and thus invalidate the
measurement, To avoid mutual coupling etfects, each
measuring device must be connected directly to the output
terminals by separate pairs of leads.

510 When measurements are nade at the front panel
terminals, the monitoring leads ! aust be connected at point
A, a3 shown in Figure 6-1, and not at point B. Connecting
the measuring device at pr'int'B would result in a measura-
ment that includes the resistance of the leads between the
output terminalz and the point of connection,

cutkPur TEHM!NAL"'\ A
(321

WONITCR HERE -— -

LOAD LEAD .../

Figure 5-1. Front Pane! Terminal Connections

611 Selecting Load Resistors. Power supply specifica-
tions are checked with a full load resistance connected
across *he supply output, The resistance and wattage of
"the load resistor, therefore, must permit operation of the
supply at its rated output voltage and current. For example,
a supply rated at 18 volts and 0.2 amperes would require

a load resistance of 90 chms at the rated output. The watt-
age rating of this resistor would have to be at least 4 watts,

B-12 Either a fixed or variable resistor (rheostat) can be
used as the [oad resistance. Using a rheostat {alone ar in
series with a fixed resistor} is often more convenient than
using fixed resistors as loads because the latter may be more
difticult to obtain in the exact resistance required. A sup-
plier of rheostats appropriate for testing these supplies is
listed in Table 5-3,

513 Output Current Measurements. For accurate out-
put current measurements, a cusrent sampling resistor
should be inserted between the load resistor and the output
of the supply. An cccurate voltmeter s then placed across
the sampling resistor and the output current caleulated by

&2

dividing the voltage across the sampling resistor by its
ohmic value. The total resistance of the serles combination
should be equal to the full toad resistance as determined in
the preceding paragraphs. OFf course, if the value of the
samph g resistor is very low when compared to the full
load resistance, the value of the sampling resistor may be
ignared. The meter shunt recommended in Table 5-1, for
example, has o resistance of only 1 millichm ond can be
neglected when calculbting the load resistance of the sup-
ply.

5-14 Figure 5-2 shows a four terminal meter shunt. The
load current through a shunt must be fed to the extremes
of the wire leading to the resistor while the sampling con-
nections are made as close as possible 1o the resistance
portion itself,

CUARLNT SAMPLING
TERMINALS

EXTERNAL
LOAD

TQ UNGROUNDED
TERMINAL OF
FOWER SUPPLY

10 GROUNDED
TCRMINAL OF
POWER SUPPLY

SAMPLING
RESISTOR

LCAD
TERMINALS

Figure 5-2. Current Sampling Resistor Connections

515  Rated Cutput, Tracking, Meter Accuracy,
and Current Limit

516 To check that all supplies will furnish their maxi-
mum rated output voltage and current, that the 1BV out-
puts track each ather, that the frant panel voltmeter/
ammeter is accurate, and that the current limit circuits
function, proceed as follows:

Voltmeter Accuracy

a. With no loads connected, energize the supply and
connect 2 DVM between the 46V terminal and common
{COM). Set the 46 VOLTAGE control so that DVM
indication Is as near as possible to 6 volts.

b. Set meter select switches to moaitor the +6V supply”s
output voltage. Check that the front panel voltmeter indi-
cation is within 3% of the DVM reading.

c. Connect DVM between the 18V teeminal and COM.
Set the 1B VOLTAGE control so that OVM indication is
as near as possible to 18 volts.

d. Set meter select switches to monitor the +18V supply’s
output voltage. Check that frant panel voltmeter indication
is within 3% of the DVM reading.




NOTE

Leave t 18 VOLTAGE control set
as in step (v} when performing steps
fe) through (g). !

e, Connect DVM between the =18V terminal and COM,
Set the TRACK VOLTAGE control so that DVM Indication
is as near as possible to ~1B volts.

f. Set meter select switches to monitor the ~18V sup-
ply’s output valtage, Check that front panel voltmater
indication Is within 3% of the DVM reading.

Tracking Ratio
g. Adjust the TRACK VOLTAGE controt over its
entire range and use DVM to monitor the voltage ot the
—18V output. The —18V supply should be capable of being
adjusted from ~0,6 volts to ~18 volts. After checking
entire range, set TRACK control so that DVM reads —18
volts.

NOTE

Leave TRACK VOLTAGE coptrol
sot as in step (g) throughout the
remainder of the performance test.

Rated Output and Ammeter Accuracy

h. Cannect 9052 4W loud resistors across both the 18V
outputs of the supply and sct the 18 VOLTAGE contro!
for 218V outputs. (All three supplies must be fully loaded
while checking the rated output voltage and current of
cach supply).

i» Conncct the test setup shown in Figure 5-3 to the
+8V output. Make the total resistance of R and the current
sampling resistor equal to 6§ ohms to permit operating the
output at full lead. RL should have a power rating of at
least 6 watts,

j- Close the switch and set the +6 VOLTAGE control
so that the DVM indicates a voltage drop across the current
sampling resistor that corresponds to a current of 1.0 amps.

k. Set meter select switches to monitor the +6V supply’s
cutput current and verify that the front panel ammeter
indication is within 4% of 1,0 amps.

I. Connect the DVM directly across the cutput terminals
of the +6V supply, record the DVM reading, and then open
the switch in the 6V load circuit without disturbing the sup-
ply’s output terminals. The DVM indication should not
change by more than BmV.

m, Check the rated output and ammeter accuracy of the
+18V and ~-18V supplies similarly by connecting the test
setup of Figure 5-3 to each output in turn. For each 18V
supply: make the total resistance of RL and the current
sampling resistor 80 ohms, set the 218 VOLTAGE control
ifor a current indication on the DVM of 0.2A and ¢heck that

the panel meter indigation Is within 4% of 0.2A. Connect
the DVM to the fully loaded output terminals, and compare
the ov 't voltage before and ofter the load clrcuit is opened,
Tid valtage should not change by more than 10mV, While
gheckirig each supply, the other two must be fully loaded,
{

v Current Limit

‘ n. Discannect oll loads from the supply.

0. Cannect the test setup shown in Figure 6-3 to the +18Y
output., Substitute a short for Ry and leave the load circult
switch open.

p. Set the valtage of the 18V supplies to 18 volts,

q. Close the load switch and determine the current flow
through the current sampling resistor {meter shunt) by mea-
suring its voltage drop with the DVM. The current should
be 0.255A £15%.

r. Check the current limit of the 18V supply in the same
way. [ts short-circuit current should also he 0.265A +16%.

5. Check the current limit of the 46V supp.y similarly
by setting its output for 6 volts and using & I.VM to measure
the current that flows through a low resista e current sarap-
ling resistor, The short circuit current of the 46V supply
should be 1,276A £156%.

5-17 Load Effect {Load Regulation):

Definition: The change Egur in the static
value of de output voltage resulting from a change in load
resistance from open circuit to the value that yields maximum
rated output current {or vice versa).

518  Tocheck *ne load effect:

a. Connect o full foad resistance and a digital voltmeter
across the output of the +18Y supply.

b. Turn on the supply and adjust its voltage to {ts maximum
rated value.

€. Record the voltage indicated on the DVM,

d. Disconnect the load resistance and recheck the DVM
indication. It should be within 10mV of the reading in
step (c).

e. Repeat steps (a) through {d) for each of the remaining

supply outputs. For the 6V output, EOUT should be
within BmV.
POWER SuPPLY
UNCER TEST
R,
- COM ¢ L
Qo o (-
DIGITAL
IRHEQSTATI l VOLTMETER
+ -6
CURRENT
SAMPLING ? 0\_9
RESISTOR

Figure §-3. Qutput Current, Test Setup




519 Source Effect {Line Regulation)’
" Definitien: The change, AAEgqyy. in the static

. value of de output voliage resulting lrom a change In ac

input Voltage over the specuhed range fram low line (typl-
r.allv 104 Vac) to high lin¢ {typically 127 Vac), or from
b gh liné'to Iow line.

5 20 . To test the source effect:

8. Connect a variable autotransformer between the in-

put pawer source and the power supply line plug.

. b, Connect a full load resistance and a digital valtmeter

across the output of the +18V supply.

c. Adjust the autotransfarmer for o low line input,

d. Turn on the power, adjust the output of the supply

to its maximum rated voltage, and record the DVM indica:
tiors.

e. Adjust the autotransformer for a high line input and
recheck the DVM indicatio.r. 1t should be within 15mV of
the reading in step (d).

f. Repeat steps {b) through (e} for each of the remaining
supply outputs, For the 6V outpur, EOUT should be
within BmV.

5-21 PARD (Ripple and Noise)
Detfinition: The residual ac voltage that is super-
imposed on the de output of a regulated power supply.
Rippie and noise may be specified and measured in terms
of [ts rms or veak-to-peak value,

5-22 Measyrement Techniques. Figure 5-4A shows an
incorrect mzchod of measuring p-p ripple. Note that a con-
tinuous ground loop exists from the third wire of the input
power cord of the supply to the third wire of the input
power cord of the oscilloscope via the grounded power sup-
ply case, the wire between the negative output terminal of
the power supply and the vertical input of the scope, and
the grounded scope case, Any ground current circulating
in this ioop as a result of the difference in potential EG
' between thg two ground points causes an IR drop that
is in series with the scope input. This IR drop, normally
.having a 60 Hz line frequency fundamental, plus any pick-
up on the unshielded leads interconnecting the power sup-
ply and scope, appears on the face of the CRT. The magni-
tude of this resulting signal can easily be much greater than
‘ the true ripple developed between the plus and minus out-
put terminals of the power supply and can completely in-
" vatidate the measurement.

523 . The same ground current and pickup problems can
exiit if an rms voltmeter is substituted in place of the oscil-
Igscope in Figure 5-4, However, the oscilloscope display,
unlike the true rms meter reading, tells the ohserver imme-
«fiately whether the fundamental period of the signal dis-
played is 8.3 milliseconds { /120 Hz) ar 16.7 milliseconds
{1/60 Hz). Since the fundamental ripple frequency present
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Figure 5-4. Ripple and Noise, Test Setup

on the output of an HP supply is 120 Hz {due to full-wave
rectification), an oscilloscope displav showing a 120 Hz
fundamental companent is indicative of a ""clean’ measure-
ment setup, while the presence of a 60 Hz fundamental
usually means that an improved setup will result in a more
accurate {and lower) value of measused ripple.

524  Figure 548 shows a correct method of 1neasuring
the output ripple of a constant voltage power supply using

a single-ended scope. The ground loop path Is broken by
floating the power supply output. To ensure that no poten-
tial difference exists between the supply and the oscilloscope,
it is recommended that they hoth be plugged int. the same
ac power bus. 1f the same bus cannot be used, both ac
grounds must be at earth ground potential.

525 Either a twisted pair or, preferably, a shielded
two-wire cable thould be used to connect the output termin-




als of the pawer supply to the vertical input terminals of
the scope, When using a twisted pair, care must be taken
that one of the two wires is connected to the grounr.ed in-
put terminal of the oscitloscope to ensure that the supply
output Is safely grounded. When using shielded two-wire,
it is essential for the shield to be connected to ground at
one end only 1o prevent ground current llowing through
this shield from inducing a signal in the shiclded leads.

526 To verify that the oscilloscope is not displaying
ripple that 's Induced in the leads or picked up from the
grounds, 1+ e {+) scope lead should be shorted to the {—)
scape lead at the power supply terminals, The ripple value
obtained when the leads are shorted should be subtracted
from the actual ripple measurement,

527 In most cases, the single-ended scope method of
Figure 5-4B will be adequate to eliminate extraneous
ripple so that a satisfactory measurement may be
obtained. However, in more stubborn cases [or if high
frequency noise up to 20 MH2 must be measured, ~ may
be necessary to use a differential scope with floating input
as shawn in Figure 5-4C. if desired, two single-conductor
shielded cables may be substituted in place of the shielded
two-wire cable with equal success, Because of its common
mode rejection, o differential oscilloscope displays only, the
difference in signal between its two vertical input terminals,
thus ignoring the effects of any common mode signal pro-
duced by the difference in the ac potential between the
power supply case and scope case, Before using a ditferen-
tial input scope in this manner, however, it is imporative
that the common made rejectian capability of the scape:
be verified by shorting together its two Input leads ar the
power supply and observing the trace on the CRT f this
trace is a straight line, then the scope is properly ignoring
any commaon mode signal present. If this trace is nota
straight lin2, then the scope is not refecting the ground
signal and must be reatigned in accardance with the manu-
facturer’s instructions until proper common mode rejection
is attained,

528  Measurament Procedure. To measure the rippte
and noise on each supply output, follow the steps below,

1 a high frequency noise measurement is desired, an oscil-
loscope with sufficient bandwidth {20 MHz) must be used.

Rippte and noise measurements can he made at any input
ac line voltage combined with any de output voltage and
load current within rating.

8. Connect an oscillascope or rms voltmeter across an
output of the supply as shown in Figures 5-4B or 6-4C.

" b. Energize the supply and observe the oscilloscope or
mel‘u't indication. The ripr *and noise should not be
greater than 1.0mV rms or 5. 7mV peak-to-peak.

<. Repeat for the remaining supply outputs.

5-29 Load Transient Recovery Time

Definition: The time "X" for output voltage
recovery to within ""Y** millivolts of the nominal outpust
voltage follawing a "2 amp step change in load current,
where: Y equals 15mV, and 2" is the shecified
toad current change, equal to half of the cusrent rating
of the supply. The nominal output voltage is delined
2s the de level halfway between the static cutput voltage
before and after the imposed load change,

5-30 Measurement Techniques. Gare must be taken in
swilching the load resistance on and oH. A hand-operated
switch in seri 35 with the load is not adequate since the re-
sulting one-shat displays are ditficult to observe on most
oscilloscopes and the arc energy occurring during switching
completely masks the display with a noise burst. Transistor
load switching devices are expensive if reasonably rapid lnad
current changes are to be achieved. Instead, a mercury-
wetted relay should be used for loading and unloading the
supply. Connect it in the load switching circuit shown in
Figure 5-6. Whe this foad switch is connected to a 60 Hz
a¢ input, the mercury-wetted relay will open and close 60
times per second. The 25K control adjusts the duty cycle
of the load current switching to reduce jitter in the oscillo-
scope display. This relay may also be used with a 50 Hz

ac input,
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Figure 5-5. Load T: insient Recovery Time, Test Setup




6-31 Measurement Proceiiure. To measure the oad
transient recavery time, follow the steps below for each
supply output. Transient resovery time may be measured
at any input line voltage and any output voltage within
rating. For this supply the specified load change is between
half load and full load.

a. Connect the test setup showr in Figure 5-5. Both
Icad resistors (R} are twice the normal value of a full load
resiscance,

b. Turn en the supply and clyse the line switch on the
repetitive load switch,

c. Set the osciiloscope for internal sync and lock on
either the positive or negative load transient spike.

d. Set the vertical input of the oscilloscope for ac coup-
ling so that small dc leve) changes in the output voitage of
the power supply will not cause the display to shift.

e. Adjust the horizontal positioning control so that the
trace starts at a point colncident with a major graticule
division. This point then represents time zero.

f. Adjust the vertical centering of the scope 5o that the
tail ends of the no-load and full-toad waveforms are symmet-

rically displaced about the horizontal center line of the oscil-

loscope. This center line now represents the nominal output
voltage defined in the specification.
g. Increase the swecp rate so that a single transient spike

can be examined in detail.
h. Adjust the sync controls separately for the positive

and negative going transients so that not only the recovery
waveshape but also as much as possible of the rise time of
the transient is displayed.

i. Starting from the major graticule division representing
time zero, count to the right B0us and vertically 15mV,
Recovery should be within these tolerances, as illustrated
in Figure 56.

Enom r

FANY

I

30
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. 30,
r SECCNDS

13 My

Enom

POSITIVE OUTPUT ~UNLDADING TRANSIENT  LOADING TRANSIENT
AEGATIVE QUTPUT ~LOADING TRANSIENT UNLDADWNG TRANSIENT

Figure 6-6. Load Transient Recovery Time Waveforms
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5-32 TROUBLESHOOTING

56-33 Before attempting to troubleshoot this instrument,
ensure that the fault is in the [nstrument itself and not in an
associated piece of equipment, You can determine this with-
out semoving the covers from the instrument by using the
appropriate portions of the perfarmance test of paragraph
56.

534 A good urderstanding of the principles of opera-
tion is a helpful aid in troubleshoating, and the reader is

" advised to review Section IV of the manual before begin-

ning detailed troubleshooting. Once the principles of oper-
ation are understeod, proceed to the troubleshooting
procedures in paragraph $36.

Hazardous voltage is present on the sircui:
board in the area of the LINE switch S1,
fuse, and input select switch S2. Exercise

. care when troubleshooting this unit with
protective covers removed,

5.35 Troubleshooting Procedure
536 If a malfunction is found, follow the steps below:
a. Ditconnect input power from the supply, remove
all toads from the output, and remove covers from supply.
b, Toble 5-2 lists the symptams and probable causes of
sovera! possible troubles. |f the symptom is one of those
listed, make the recommended checks,
c. If none of the symptoms of Table 52 apply, proceed
to the troubleshooting procedures in Table 53,

537 The numbuered test points referred to in the t ouble-
shooting procedures are identified on the circuit schematic
and on the component location diagram at the rear of the
manual.

§5-38 Open Fuse Troubleshooting

539 Although transients or fatigue can cause a fuse to
blow, it is a good idea to inspect the unit for obvious shorts
such as damaged wiring, charred components, or extrineous
metal pars or wire clippings in contact with circuit board
conductor: before replacing the fuse. The rating of the
correct replacament fuse depends on the line voltage option
of the instrument: for 120Vac line voltage, use a sto-blow
0.4 amo fuse (HP Part No. 2110-0340); for 240Vac line volt-
age, use a slo-blow 0.2 amp fuse {HP Part No. 2110-0235).




5-40 REPAIR AND REPLACEMENT

5-41 Series Regulator Replacement
542 To remove and reg'ace a series regulator transistor:
3. Remove the top and bottom covers from the instru-
ment
b. Remove the collector screws and unsolder the base
and e nitter leads from the board to remove the transistor,
r. To replace the transistor, follow the below reassembl ¢
order, us viewed from ue  bottom of the heat sink: collector
screws, P. C, board, heat sink, two insulating nashings (In
collector screw holes in heatsink), siticon grease {Dow DC-5
or HP 8500-0059), mica insulator, another coning of silicon
grease, transistor, lock-washers, and hex-nuts,
d. Resolder the emitter ane base pins to the circuit
hoard,

5-43 Semiconductor Replacement

544 Table 64 contains replacement data for the semi-
conductors used in this power supply, When replacing a
semiconductor, use the listed Hewlett-Packard or exset
commercial reptacement f these are avaitable, | nejther of
these are immediately available and a part is needed without
delay for operation or troubleshoating verification, the parts
designated Note 1, Alternate Part Number can be tried with
a high probalitity of success,

545  Notice that both the commercial and alternate re-
placements liste-” in Table 6-4 apply oaly to the HP power
supplies coverca by this manual and their use in any other
Hewlatt-Packard instrument is not necessarily recommended
because of inclusiun in this table.

5.46 ADJUSTMENT AND CALIBRATION

Hazardous voltage is present on line switch, fuse,
and input select switch. Exercise care when making
the folfowing adjustients with protective cuvers
removed from power supply.

5-47 Current Limit Adjustment

548 +18V Supplies. Perform the following steps to
adjust the current limit circuit in the +18Y or —~1BV supply.
Potentiometer R3 sets the +1BV ond R13 the —18V current
limit. {Sen companent location diagram in Section VI1.)

a. Turn the TRACK VOLTAGE contro! fully clock-
wise.

b. Turn the current limit adjustment pot (R3 or R13)
to center lapprox.) position.

¢. Connect the test circuit of Figure 53 1o the output
of the supply to be adjusted. Substitute a short for RL

57

ond leave load circuit switch open.

d. Turn on the supply and set the £18 VOLTAGE con-
trol for maximum output {lully clockwise).

e. Close {oad switch and adjust the current limit pot
{R3 aor R13) until the DVM indicates a voltage drop across
the shunt corresponding to a current of 0.255A 1156%,

549 16V Supply. To adjust the curer it limit circuit
in the +GV supply, proceed os follows:

a. Turn current limit adjustment pot (223} fully clock-
wise to its minimum setting.

b. Connect the test circuit of Figure 5-3 to the output
of the +6V supply. Substitute a short for R and Irave load
circuit swi ch open.

¢. Turts an the supply ard set the 46 VOLTAGE cantral
for maximum output {fully clackwise).

d. Close load switch and adjust the current limit pot {R23)
until the DVM indicates a voltage drop across the shunt
corresponding to a cu:\rum of 1.275A +15%.

5.60 Meter Calibration

B-51 Meter Zero. The meter pointer yust rest on the
zero calibration mark on the meter scale . Aen the instru-
ment is at normal operating temperature, resting in its norn,at
operating position, and turned off. To ztro set the vottmeter/
ammaeter, proceed as follows:

a. Turn on the instrument and allow it .o come up to
normal operating temperatuse {in about 30 minutes),

b. Turn off instrument and allow 30 secands Tur alt
capacitors to discharge.

c. Insert small screwdriver into the small hole directly
below meter face. '

d. Rotate zero adjust screw clockwise until meter reads
zero, then rotate counterclockwise slightly in order to free
adjustment screw from meter suspension. Painter should
not maove during latter part of adjustment. ¥ pointer maves,
repeat the adjustment.

5-62 Ammeter. Check and calibrate the front panel
ammeter by following the steps below,
a. Push /A meter select switch in to monitor output

- Current,

b. Connect the test setup shown in Figure 5-3 1o the 16V
output. Make the total resistance of R and the current
sampling resistor 6 ohms to permit operating the supply nt
its full rated cutput. R should have a power rating of at
teast 6 watts. -

c. Close the switch and set the +6 VOLTAGE contro! so
that the DV indicates a voltage drop that corresponds to
a current of 1.0 amp.

d. Check and record the ammeter accuracy vn the 16V
range,

e, Check each of the 18-volt ranges similarly, using the
same test setup but making Ry 9052 4W resistor and setting




the voltage control for a 0,2A output cur int, Record the
ammeter accuracy on each 18-valt range.

f. Turn ammeter adjust potentiometer R31 clockwise: to
increase the indications on all three ranges or counterclock-

wise to ducrease them,

g. 1f R31 cannot calibrate all three ammeter ranges
within specification (£4% for all ranges), check the values of

5-63 Voltmeter. Check the accuracy of the front panl
voltmeter by performing steps {a) through {f} of the pro-
ceJure in paragroph 5-16. The accuracy specification is
£39% for the £18Y and 46V ringes. 1f the £18V voltmeter
ranges are not within specification, check the value of R32
[t the meter cireult; if the 46V range Is not witain specifi-
cation, check the value of B36.

current monitoring resistors R4, R24, and R34,

Table 6-2. Miscellaneous Troubles

SYMPTOM

CHECK - PROBABLE CAUSE

High rippte

a. Check operating setup for ground Joaps (see paragraph 6-22).

b. Check main rectifiers (CR21-CR24, U2, Ui 4} for open, '

¢, Supply may Le operating in current limit mode, Check current limit adjustment,
paragraph 616, steps {n) through (s),

Will not current limit

Current timit gireuit {UT, @12, U1, U21) prohably defective.

Poor load or line reguiation

a, For poor lazd regulation, check current limit adjustment, paragraph 5-16, steps
(n) through (s},

b, For poor line regulation, check main rectifiers and filters, zener diode VR, VR2,
and transistor Q23.

Oscillation or poor transient
recovery time

a. High frequency oscillations {above 50kHz) can be caused by an open €3, €12,
or C24,

b. A defective output capacitor {C8, C13, C23) ean cause oscillations in one of
many frequency ranges, _

¢ RB, R18, or R28 open circuited.

Transient voltage uvershoot at turn-
on or turn-off

Defective series regulator transistor,

Table 53. Troubleshooting Procedures

SYMPTOM

STEP — ACTION RESPONSE — PROBABLE CAUSE

MNo outputs {+6V and 1BV outputs
measure OV on front pane! meter}
wita controls turned CW,

1. Check for cbvious troubles such as
_improper ac input connection or
input power fallure,

If blown, check the following com-
ponents for shait circuits: C1, C11,
C21, CR21-CR?74, U2, U11, U12,
Auso, see paragreph 5-38, .

2. Remove power and cheek fuse F1, BN

b. I fuse is not blown, proceed to step {3).

If DVM measures > GV, meter M1
or switch 52 is defective.

3. Tum +6 VOLTAGE control fully a.
CW. Apply power and measure
vaoltage between +6V and COM
terminals on front raanel with b.
DV, ;

/

If voltage is OV, check for defective
$1,52, or T1.
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Tabla 5-3. Troublsshooting Procedures (Cantinued) o

T SYMPTON:

STEP - ACTION '

RESPONSE - PPOBABLE CAUSE

+6V output high [higaer than ratingl

1. Turn +G VOLT‘AGE control fully
CCW and check voltage at TP7 with
respect to the +6V ouiput terminal,

2. Attempt to turn off Q21 by shorting
Q21 base to emitter,

a. I TP7 is between 0 and -60mV,
proceed to step 2.

b, 1{ TP7 is more negative than —~50mV,
check R21, R2G, R33.

a. If outout remains high, check Q21,
Q22, and CR26 for short.

b.  output voltage falls 1o near OV,
check Q22. 1 ok, U21 is defective.

46V output low {lower than rating)

NOTE: |f the output is narmal unlozded but its voltage falls when
loaded, check the current lim‘t adjustment, paragraph 549,

1. Turn +6 VOLTAGE control fully
CW and check unregulated input
at U21-5 with respect 1o the 16V
output tegminal.

2. Check voltage at TP7 with respect

to the +6V output terminal,

3. Check voltage at TP8 with respect
to the 16V output terminal,

4. Check voltage at TPO with respect
to the COM terminal

. 1f voltage Is normal {ppprox, 16V},
proceed to step 2.

H. I voltage is not normal, check C21B,
CR23,CR24, T1.

a. 1 TP7 is normal {approx. —3.5V]},
proceed to step (4).

b. If TP7 is not normal, proceed to
step (3.

3. 1t TPBis normal (approx. —8V),
check R21, R22, R26, R33, C22.
1t ok, U21 is defective,

b. |t TP8is not normal, check VR21,
Q23, R29.

a. I TP9is normal {approx. —0.6V),
check Q21, Q22.

b. [f TP9 is not ncrmal, U21 is defective.

+18V and —18V outputs both high
{higher than rating). Since the —18V
supply tracks the +18V supply, this
symptom indicates a fault in the
+18V supply.

1, Turn £18 VOLTAGE control fully
CCW and check voltage at TP1 with

respect to the +18V output terminal,

2. Attempt to turn off Q1 by shorting
Q1 base to emitter,

a. H TP is between 0 and —50mV,
proceed to step’'2,

b. H TP7 is more negative than —50mV,
check R1, R2, RG.

a. If putput stays high, check Q1 and
CR®6 for short,

b. If output falls to near OV, check CR1
Q2 for short. If ok, U1 is defective.
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Table 5-3. Troubleshooting Procedures (Continued)

SYMPTOM

' STEP - ACTICN

| RESPONSE — PROBABLE CAUSE

+H18Y and —18Y outputs both low
{lower than rating). Since the ~18V
supply tracks the + 1BV supply, this
symptom indicates a fault in the
+18V supply.

NOTE: If the +18V and —1BV outputs

are normal unloaded but fall

when the 18V supply (s loaded, check the +18V supply's current limit

adjustment, see paragraph 548.

1. Tum 218 VOLTAGE contra} fully
CW and check unregutated input
at U1-5 with respect to the +18V
output terminal.

2. Check voltage at TP1 with respoct

to the + 1BV output tesminal.

3. Check voltage at TP2 with respect
to COM.

a. 1f voltage is normal (apprax. -36V},
proceed to step 2.

. If voltage is not normal, check C1,
T1, U2

a. 1 TP1is normal {approx. -9 to ~10V),
proceed to step (4).

b. V¥ TP is not normal, check U1, VR1,
R1, R2.

a. M TP2is normal {approx. —1.2V),
check Q1 for open,

b. If TPZis not normal, check CR1 for
open, Q2 for short. If ok, Ul is
defective.

--18V oviput low {lower than
1ating). The +1BV supply
operates propetly.

NOTE: If the ~i8V output is normal unloaded but falls when the —18V supply
is loaded, check the 18V supply ‘s current limit adjustment, paragraph 5-48.

1. Check unregulated tnput acros:
capacitor C11.

2. Check voltage at TPS with respect
to COM.

3. Tum 16 VOLTAGE control fully
CW. Check bias voltage at U11-7
with respect to COM,

a. Ifvoltane is normal {approx, 36V),
proceed to step (2).

b. 1fvoltage is not noreal, check U12,
Cit, R19, T,

2. 1 TPSis normat {approx. +0.6V),
check Q11.

b, L TPS is not normal, proceed to
step (3}

2. If voltage is normal {approx. 32V),
check @12 and R11 for short, R12
for open. H ok, U11 is defective,

b If vohagu." is not normal, check C21,
CR21, CR22, 1f ok, U1t is probably
shorted.

—18V output high {higher
than ratingl. The +18V
supply operates properly.

1, Attempt 1o twrn off Q11 by
sharting Q11 base to emitter.

a. If putput stays high, chck Q11
and CR16 for short,

b. 1f output falls to near zero volts,
check R11, R12, U11.
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SECTION Vi
REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 This section contains information for ordering re-
placement parts. lT.'mle 6-4 lists parts in alpha-numeric order
by reference designators and provides the following informa-
tion:

a. Reference Designators  Reler to Tatle G-0,

b. Description. Refer to Table 6-2 for sbreviations,

¢, Total Quantity iTQl Given only the first time
the part number is listed except in Instruments containing
many sub-modular assemblivs, in which case the TQ appears
the first time the part number is listed in each assembly.

d. Manufacturer's Part Number or Type.

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

f. Hewlett-Packard Part Number,

g. Recommended Spare Parts Quantity (RS) for
complete maintenance of one instrument during one year of
isotated service.

h. Parts not identitied by a reference designator
are listed ot the end of Table 6-4 under Mechanical and/or
Miscellaneous. The former consists of parts belanging 1o and
grouped by individual assemblies; the Jatter consists of afl
parts not immediately associated with an assembly.

6-3 ORDERING INFORMATION

6-4 To arder a replacement part, address order ar in-
quiry to your local HewlettPackard sales of“ce (see lists at
rear of this manual for addresses). Specily the following
information for each part: Model. complate serial mnnber,
and any Option or special modification (J) numbers of' thy
instrument; Howlett-Packard part number; circuit rufum\-.ufﬁe
designator; and description. To otder a pars not listed in
Table 6-4, give a complete deseription of the part, its turic-
tion, and its location. ";I

i
L

\

Table 6-|1. Reference Designators

A =assemhly E = miscellaneous \
B ;= blgwer {fap) electronic part
c = capacitor F o= fuse
C8 =circint breaker J = jack, jumper
CR = diode K =relay
DS = device, signaling L =inductor
{lamp) M meter

Table 6-1. Relerence Designatars (Caontinued)

= Hug

= transistor

= resistot

= swilch

- panshormer
B wenminal block
TS = thennal =witch

4 - O

A = yacuum tube,
neon bulb,
photacell, ete.

VR - zener diode

X - sucket

z - aintegrated cir
cuit or network

Table G-2. Description Abbreviations

A =amperg

ac = alternating curient
assy. = assemhly

bd = board

bkt = bracket

OC = degiee Contigrare

cd =card

coef = coefficient

comp = composition

CRT = cathode-ray tube

CT = center-1apped

de = ditect current

DPDT= double pole,
double throw

DPST= double polc,
single throw

clect = electrolytic

encap = encepsulated

F = larad

OF = degree Farenheit
fad = fixed

Ge = germanium

H = Hemy

Hz =Hertz

IC = integrated circuit

1D . = inside diameter
inend = incandescent

k  =kilos 107

m o =milli= 103

M =mega= 108

u = micro = 100
met. = metaf

mifr = manufacturer

mod. = madular ar
modified

mty = mounting

n = nano = 10

NC = normally closed

NO = normally open

NP = nickel-plated

£ =obm

obd = orderby
descriphion

0D = outside diameter

p = pico= ]0’12

P.C. = printed circut

pot. = pclentiometer

p-p = peak-to-peah:

ppm = parts per miltion

pyr = peak reverse
voltage

rect = rectifier

FMs = root mean suare

Si = silicon

SPDT = single pofe,
double \Srow

SPST = single pole,
single thtow

5S ' = small signal

T = slow-blow

tan. = fantutum

!

Ti = titaniim
v = yolt

vor = variable
ww T wirewound
W =Watt

s




Table 6-3. Code List of Manufacturers

CODE MANUFACTURER ADDRESS CODE MANUFACTURER ADDRESS
Q0629 EBY Sales Co., Inc. Jamaica, N.Y. 07137 Transistor Electronics Corp.

00656 Aerovox Carp. New Bedford, Mass. Minnespolis, Minn,

, 00853 Sangamo Electric Co. 07138 wastinghouse Electric Corp. Elmira, N.Y.

' S. Carolina Div. Pickens, 5.C. 07243 Fairchild Camera and Instrument
a2 Allen Bradtey Co. Milwaukee, Wis. Mountain View, Calil.

] 01265 Litton Ind. Beverly Hills, Calif, 07387 Birtcher Carp., The  Los Angeles, Calif,
01281 TRW Semiconductars, Inc. 07397 Sylvania Electrie Prod. Inc.

R Lawndale, Calif, Maountainview, Catif,
01295 " Texas Instruments, Ing. D.las, Texas 07716 IRC Div. of TRW Inc.  Burlington, lowa
01686 RCL Electronics, Ine.  Manchester, N.H. 07910 Continental Device Corp.

Q1930 Amerock Corp. Rockfard, . Hawthorne, Calif.

- oy Sparta Mfg. Co. Dover, Ohio 07933 Raytheon Co. Components Div.

02114 Serroxcube Carp. Saugertios, N.Y. Mountain View, Calif,
02606 Fenwal Laboratories  Morton Grave, Il 08484 Breeze Corporations, Inc. Union, N.J.
02660 Amphenaol Corp. Broadview, LI 08530 Reliance Mica Corp. Brooklyn, N.Y,
02735 Radio Carp. of America, Sniid State and 08717 Stoan Cempar y, The  Sun Valtey, Calil.
Receiving Tube Div.  Somerville, N.J. 08730 Vemaline Products Co. Inc.
03508 G.E. Semiconductor Pruducts Dept. Wyckolf, N.J.
Syracuse, N.Y. 08806 General Elect. Co. Minature
Q03797 Eldema Corp. Compton, Calit. Lamp Dept. Cleveland, Chio
03877 Transitron Etectianic Corp. 08863 Nylomatic Corp. Narrisville, Pa.
Wekefield, Mass. 08919 RCH Supply Co. Vernon, Calil,
03888 Pyrofilm Resistor Co., Inc. 090 Airco Speer Etectronc Components
Cedar Knalls, N.J. Bradfard, Pa.
04009 Asrow, Hart and Hegeman Electric Co. 09182 *Hewlett-Packard Co. New Jersey Div.
Hatetford, Conn. Rackaway, N.J.
04072 ADC Etectronius, Inc. Hatbor Civ ., Calif. 09213 General Elect. Co. Semiconductor
04213 Caddell & Burns Mig. Co. Inc. Prod. Dept. Buffalo, N.Y.
Mincola, N.Y. 09214 General Etect. Co. Semiconductor
04404 | ' *Hewlett-Packard Co. Palo Alto Div. Prod. Dept. Auburn, N.Y,
' . Palo Alto, Calif. 09353 G & K Companents Inc.  Newton, Mass.
04713 Motorola Semiconductor Prod, Inc, 09922 Burndy Cotp. Norwalk, Conn.
L Phoenix, Arizona 1111s Wagner Electric Corp.
05277 Waestinghuuse Electric Corp. ' Tung-Sol Div. Bloomfiield, N.J.

: Semiconductor Dept. Yourgwoao), Pa. 11236 CTS of Berne, Inc. Berne, Ind.
05347 Ultronix, Inc. Grand Junction, Colo. 11237 Chicago Telephone of Cal. Inc.

05820 Wakefield Engr, inc. Wakefield, Mass. So. Pasadena, Calit.
S0 General Elect. Co. Electronic 11502 IRC Div. of TRW Inc. Boane, N.C,

. 1 Capacitor & Battery Dept.  lrmo, S.C. nm General Instrument Corp. Newark, N.J.

0G0L4 Bassik Div, Stewart Warnes Corp. 12136 | Philadelphia Handle Co.  Camden, N.J,
. Bridgeport, Conn. 12615 U.S. Terminals, Inc. Cincinnati, Ohio
06486 tRC Div. of TRW lic. 12617 Hamtin Inc. Lake Milis, Wisconsin

' Semiconductor Plant Lynn, Mass, 12697 Clargstat Mfg. Co. Inc. Dover, N.H.

UEs40 Amatom Eléctronic Hardware Ce, Inc, 13103 Thermalloy Co. Datlas, Texas

: . New Rochelle, N.Y. 14493 *Hewlett-Packard Co. Loveland, Colo.

06555 Beerle Electrical Instrument Co. 14655 Cornelt-Dubitier Electronics Div.
: Penacook, N.H. Federal Pacific Electric Co.

(o366 Generat Devices Co. - Indianapalis, Ind. Newark, N.J.
06751 Semoor Div. Components, Inc. 14936 General tnstrument Corp. Semicon-

Phoenix, Arizona ductor Prod. Group  Hicksville, M.Y.

06776 | ' Robinson Nugent, Inc. Mew Albany, N.Y. 15801 Fenwal Elect, Framingham, Mass.

06812 Torrington Mig. Co.  Van Nuys, Catif. 16299 Corning Glass Works Raleigh, N.C.

* Use Code 28480 assigned to Hewleit-Packard Co., Palo Alto, Calitornia




Table 6-3. Code List of Manufacturers

CODE MANUFACTURER ADDRESS CODE MANUFACTURER ADDRESS
167568 Deico Radio Div. of General Motors 58730 Thomas and Betts Co.  Philadelphia, Pa.
Carp Kokomo Ind. 61637 Union Carbide Corp. New York, N.Y.
17545 Atlantic Semiconductors, Inc. 63743 Ward Leonard Electric Co. :
Asbury Park, N.J. _ : Mt. Vernon, N.Y,
17803 Fairchuld Camera and Instrument Cory. 70563 Amperite Co. Inc. Union City, N.J.
Mountain View, Culif. 70301 Beemer Engry Cc
17870 Daven Div. Thomas 4. Edison Industrics Fort Washington, Pa.
McGraw-Edison Co, Orange, N.J. 70903 Belden Corp. Chicago, I,
18324 Signetics Corp. Sunnyvale, Calif. 71218 Bud Radio, Irc. Willoughby, Ohio
19315 Bendix Corp. The Navigation and 71279 Camhridge Thermionic Carp.
Control Div. Teterboro, N.J. Cambridge, Mass.
18701 Electra/Midtand Corp. 71400 Bussmann Mfq. Div.of McGraw &
Mineral Wells, Texas Edison Co. St. Louis, Mo.
21520 Fansteel Metallurgical Corp. 71450 CTS Corp. Elkhart, Ind.
No. Chicago, Ili. 71468 I.T.T. Cannan Electric Inc.
22229 Uman Carbide Corp. Electronics Div, Los Angules, Calif,
Mountain View, Calif. 71580 Globe-Union Inc.
272763 UID Electronics Corp. Hollywood, Fla. Milwaukee, Wis.
23936 Pamotor, Inc. Pampa, Texas 71700 General Cable Corp. Cornish
24446 General Electric Co.  Schenectady, N.Y. Wire Co. Div. Williarrstown, Mass,
24455 Gener s Electric Co. 71707 Coto Coil Co. Inc. Providence, R.1.
Nela Park, Cleveland, Ohio 71744 Chicago Miniature Lamp Works
24655 General Radio Co.  West Concord, Mass. Chicago, I,
24681 LTV Electrosystems Inc. Memcor/Com- 71785 Cinch Mfg. Co. and Howard
. posents Operations  Huntington, ind. B. Jones Div. Chicago, lIL.
26982 Dynacool Mfg. Co. Inc.  Saugerties, (N.Y. 71984 Dow Corning Corp. Midland, Mich.
27014 National Semiconductor Corp. 72136 Electro Motive Mig. Co. Inc,
Santa Clara, Calif. Willimantie, Conn.
28480 Hewlett-Packard Co. Palo Alto, Calif. 72619 Dialight Corp. Brooklyn, N.Y.
28520 Heyman Mig. Co. Kenilworth, N.J. 72699 Generat Inst-ument Corp.  Newark, NLJ.
28875 IMC Magnetics Corp. Rochester, N.H. 72765 Drake Mfy. Co, Harwood Heights, 1.
31514 SAE Advance Packaging, Inc. 72962 Elastic Stop Nut Div. of
Santa Ana, Calif. Amerace Esna Corp. Union, N.J.
31827 Budwig Mfg. Co. Ramana, Calit. 72982 | Erie Technological Products
33173 G.E. Co. Tube Dept.  Owensboero, Ky. Erie, Pa.
35434 Lectrohm, Inc. Chicago, 11l 73086 | Hart Mig. Co. Hartford, Conn.
37942 P.R. Mallary & Co. Indianapolis, Ind. 73138 Beckman Instruments
42190 Muter Co. Chicaguo, It Fullerton, Calif.
43334 New Departure-Hyatt Bearings Div. 73168 Fenwal, Inc. Ashland, Mass.
General Motors Corp. 73293 Hughes Aircratt Co. Electron
Sandusky, Ohio Dynamics Div. Torrance, Calil.
44655 Ohmite Manufactuting Ce.  Skokie, I, 73445 Amperex Electronic
46384 Penn Engr. and Mfg. Corp. ' Ricksville, N.Y,
Doylestown, Pa. 73506 Bradley Semiconductor Corp.
47904 Polaroid Corp. Cambridge, Mass. New Haven, Conn.
49956 Raytheon Co. Lexington, Mass. 73559 Carling Electric, Inc. Hartford, Conn.
55026 Simpson Electrie Co. Div. of American 713734 Federal Screw Products, Inc.
Gage and Marhine Co.  Chirago, IlI. Chicago, NI
56289 Sprague Electric Co. 74193 Heinemann Electric Co. Trenton, N.J.
North Adams, Mass. 74545 Hubbel! Harvey Inc.  Bridgeport, Conn.
58474 Supenor Electnic Co. Bristol, Conn. 74868 Amphenol Carp. Amphenol RF Div.
53849 Syntron Div, of FMC Corp. . Danbury, Conn,
Homer City, Pa. 74970 E.F. Johnson Co. Waseca, Minn.




Table 83, Code List of Manufacturers

CODE MANUFACTURER ADDRESS CODE MANUFACTURER ADDRESS
76042 IRC D v. of TRW, Inc.  Philadelphia, Pa. 828366 Research ®roduces Corp.  Madison, Wise.
75183 *Howard B. Jones Div. of Cinch 82877 Rotron Inc. Woodstock, N.Y.

Mfg. Corp. New York, N.Y. 82893 Vector Electromie Co. Glendale, Calif.
75376 Kurz and Kasch, Inc, Dayton, Chio 83058 Carr Fastener Co. Cambridge, Mass.
75382 Kilka Electric Corp. Mt Vernon, N.Y. 83186 Victory Engingering Springfield, N.J.
75915 Littlefuse, Inc. Des Plaines, 1. 83298 Bendix Corp. Eatontown, N.J.
76381 Minnesota Mining and Mfg. Co. 83330 Herman H. Smith, Inc.  Brooklyn, N.Y,
St. Fuul, Minn. 83385 Centrat Screw Co. Chicago, lIl.
76385 Minor Rubiber Co. Inc.  Bloomficld, N.J. 33501 Gavitt Wire and Cable  Brook field, Nass.
76487 James Mitten Mfg. Co. Inc. Malden, Mass, 83508 Grant Pulley and Hardware Co.
76493 JW. Milter Co. Compton, Calif. West Nyack, N.Y.
76530 Cinch City of Industry, Calif, 83594 Burroughs Corp. Plainfield, N.J.
76854 Oak Mig. Co. Div. of Oak Electro/ 83835 U.S. Radium Corp. Morristown, N.J.

: Netics Corp. Crystal Lake, 11}, 83877 Yardeny Laboratories  New York, N.Y,

77068 Bendix Corp., Electrodynamics Div. 84171 Arco Electronics, Inc.  Great Neck, N.Y.

No. Hollywoad, Catif, 84411 TRW Capacitor Div, Ogallala, Neb.

1722 Patnut Co. Mauntainside, N.J. 86684 RCA Corp. Harrison, N.J.

17147 Patton-MacGuyer Co.  Providence, R.N. 86838 Rummel Fibre Co, Newark, N.J.

7221 Phaostron Instrument and Electronic Co., 87034 Marco & O:k Industries  Anaheim, Calif.

South Pasadena, Calif. 87216 Philco Corp. Lansdale, Pa.

77262 Philadelphia Steel and Wire Corp. 87685 Stockwell Rubber Co.  Philadelphia, Pa.

i Philadelphia, Pa, 87929 Tower-Olschan Corp.  Bridgeport, Conn.

17342 American Machu]L and Foundry Co. 83140 Cutler-Hammer Inc. Lincoln, i,

Princeton, Ind. 88245 Litton Precision Products Inc, USECO

77630 TRW Electronje Componcnls Div. Van Nuys, Calif.

i Camden, N.J. 90634 Gulton Industries Inc.  Metuchen, N.J.

77764 Resistance Products Co. Harrishurg, Pa. 90763 United-Car Inc. Chicago, (il
78189 lihnois Tool Wutks Inc. Elgin, 11l 91345 Miller Dial and Nameplate Co.

78452 | Everlook Chicag, Inc. Chicago, I, F! Monte, Calif.

78488 Stackpole Carbch Co, St. Marys, Pa. 91418 Radio Materials Co. Chicago, IIl.

78526 Stanwyck Windihg Div. San Fernando 91506 Augat, Inc, Attleboro, Mass.

Etectric Mig. Co. Inc. Newburgh, N.Y. 91637 Dale Electronics, Inc.  Columbus, Neb,

78553 Tinnerman Products, Inc. Cleveland, Ohio 91662 Elco Corp. Willow Grove, Pa.

78584 Stewart Stamping Corp.  Yonkers, N.Y. 91929 Honeywel lnc. Freeport, ll.

79136 | Waldes Kohincor, Inc. LLC., N.Y, 92825 | Whitso, Inc. Schitter Pk., lIl.

79307 Whitehead Metals Inc.  New York, N.Y. 93332 Sylvania Electric Prod. Waburn, Mass.

79727 Contlnumal Wirt Electronics Corp. 93410 Essex Wire Corp. Mansfield, Ohio

Philadelphia, Pa. 94144 Raytheon Co. Quincy, Mass.

79963 Zierick Mfg Co. Mt. Kisco, N.Y. 94154, Wagner Electric Corp. Livingston, N.J.

80031 Mepco Morristown, N.J. 94222 Southeo Inc. Lester, Pa.

89294 Bourns, Inc. Riverside, Calif, 95263 Leecraft Mfg. Co. Inc. L.LC., NY.

81042 Howard Industries Racine, Wisc. 95354 Meikode Mfg. Co.  Rolling Meadows, I

81073 Grayhul, Inc. La Grange, M. 95712 Bendix Corp. Franklin, Ind.

81483 International Rectifier EY Segundo, Calil. 95987 Weckesser Co. Inc. Chicago, Ill.

81751 Columbus Efectronics Yonkers, N.Y. 967N Amphenol Corp. Janesville, Wis.

82099 Goodyear Sundnies & Mechanicat Co. Inc. 97464 Industriat Retaining Ring Co.

New York, N.Y. Irvington, N.J.

B2142 Airco Spewr Electrome Components 97702 IMC Magnetics Carp. Westbury, N.Y.

Du Bois, Pa. 98291 Seatectro Corp. Mamaroneck, N.Y.

82219 | Syivenia Etectnc Products Inc, 98410 | ETClnc. Cleveland, Ohio

Emporium, Pa. 98978 International Electronic Research Corp.
82389 Switcheraft, Inc. Chicago, Il _ Burbank, Calif.
82647 Metals and Conirols Inc. Attleboro, Mass. 99334 Renbrandt, Inc. Boston, Mass.

*Use Cade 71785 assigned 1o Cinch Mig Co., Clncago, lil.




Table 6-4. Replaceable Parts

REF. MFR. HP
DESIG, DESCRIPTION TQ.| MFR. PART NQ. " "ODE PART NO. RS
Printed Circuit Board Assy.
C1, 1 fxd, elect. 1460uF, 45V 2 {Type GBDID39532 56289 0180-1893 1
c2, 22 fxd, elect, 1uF, 10%, 35V 2 150D105X9035A2 56289 0180-0291 1
C3,12, 24 txd, mica 470pF, 5%, 300V 3 DM1B5471J0300WVICR | 72136 0140-0149 1
Cch fxd, cor. .22uF, 20%, bOV 1 SCZ25U224 %005005C 56289 0160-0263 1
Cc13 fxd, elect. 180uF, 6OV 1 G72D0A7 56289 0180-0634 1
c2 fxd, alect. dual section 1 28480 0180-2894 1
6300uF, 20V/M47uF, 35V
c23 fxd, elect, dual section 1 28480 0180-2906 1
1000uF, 50V/2001F, 50V '
CRt diode, general purpose 1 1M1858 20480 1901-0033 1
CRb5, 6, 15, 16,
21-26 diode, puwuer rectifier 10{ 1NS059 28480 1901-0327 5
L inductar, ferrite bead (Q27) i 28480 9170-0894 1
Q2,12 S5 NPN Si. 2 2N2222A 28480 1854-0477 2
Q22 SS PNP S, 1 2N4036 28480 1853-0041 1
Q23 SS PNP Si. 1 2N2907A 28480 1853-0281 1
R2 fxd, fitm 2,21k, 1%, 1/8W 1 C4-1/8-TO-2211F 24546 0757-0430 1
R3,13, 23 var, cermat 10, 10% 3 72-99-0 73138 2100-3345 1
R4, 34 fxd, ww, 4.6 1%, 3W 2 T2B-79 52750 0811.0061 1
RS, 16 fxd, film 28.7k, 1%, 1/8W 2 CA-1/8-TO-2872-F 24516 0698-3449 1
RG, 7, 26, 35 {xd, kilm 10, 1%, 1/86W 4 C4-1/8-TO-10R0O-F 24540 0767-0346 i
RS, 18 fxd, ww, 0.51, 6%, 2W 2 |.BWH2-R51-J 75042 0811.0929 1
R9 fxd, comp, 1,5k, 5%, 1/2W 1 EB-16256 01121 06BG-1525 1
R12 fxd, film 9,31k, 1%, 1/8W 1 CME-1/8T1-9311-F, 91637 0698-0064 1
R14 Ixd, ww, 4.7 5%, 2W 1 BWHZ-4R7-J 75042 0811-1674 1
R15 fx¢l, comp. 200 6%, 1/4W 1 CB-2015 02y 0683-2015 1
R17 fxd, ww, 2k, 6%, 3W 1 28180 0811-1806 1
R19 txd, comp, 6.8k, b%, 1/2W [ EB-6825 onx 0GBG-GB25 1
R22 fxd, film 2.49k, 1%, 1/56W 1 C4-1/8-TO-2491-F 24546 06984435 1
R24 fxd, ww, 0.6G, 1%, 3W' 1 28480 0811-3522 1
R26 Ixd, comp 82, 6%, 1/4W 1 CB-8205 01121 0583-8205 1
R27 fxd, comgr. 27, 5%, 1/4W 1 C8-2705 o 0683-2705 1
R28 fxd, ww, 0.1, 10%, 3W 1 ' 28480 0811-1827 1
R29 fxd, comp. 470, 8%, 1/4W 1 | cB4715 01124 0G83-47156 1
R31 var, cermet, 1k, 10% 1 | 7211050 73138 2100-3211 1
R32 fxd, film, 10.5k, 1%, t/8W 1 C4-1/8-TO-1052-F 24546 06984477 1
R33 fxd, film, 21.5k, 1%, 1/6W i C4-1/8-TO-2162-F 24516 0757-0199 1
R36 fx ), film 348k, 1%, 1/BW 1 C4-1/8-TO-348I1-F 24546 0698-3152 1
. R37 fxd, comp. 270, b%, 1/4W 1 €8-2715 o 0683-2716 1
S switch, line 1 28480 3101.2287 1
s2 slide switch, DPDT {120/240Vac select)]| 1 28480 3101-2046 1
536 switch, 4 station {meter select: V/A, 28480 3101-2286
46V, £18V} 1
S UL 2y negative voltage reg. 1C 2 MLM-204G 04713 1826-0016 2
2,12 diode, fullwave bridge rect. 2 28480 1906-0006 2
Ut operstional amplifier 1 CA3140T (Note 1) 02735 1826-046G5 1
VBRI diodle, tener 16,2V, BY% 1 5210939242 04713 1902-0184 1
VR21 diode, zener 9.09V, 5% 1 S$Z10939-170 04713 1902:3149 1
Note 1: Alternate part number, see paragraph 543.
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Table 6-4. Replaceable Parts (Continued}

REF. MFR. HP
DESIG. DESCRIPTION TQ.| MFR.PART NO. CODE PART NO. RS
Front Pane) Electrical
M1 Meter, VOLTS/AMPS 1 28480 11220433 1
R1,11 var, cermet 10k {£18 and
TRACK VOLTAGE controls) 2 28480 2100-3707 1
. R21 var, cermet Bk (+6 VOLTAGE control} | 1 28480 2100-3708 1
Rear Heatsink — Electrical
Fi fuse 0.4A 250V slo-blow {120Vac
operation) 1 313.400 76916 2100-0340 1
o power PNP 1 5J15628 (Note 11 04713 1853-0063 1
an power NPN Si, i 40250 {Note 1) 02735 18940224 1
ax power NPN Si, 1 61820 {(Note 1) 02736 1854-05G3 1
T1 power transformer 1 28480 | 0623580090 1
Mechanical
binding post, red 4 28480 1510-009
binding post, chassis ground 1 28480 1510-0044
knob, contral (R1, 11, 13) 3 28480 0370-1099
- knob, pushbutton {53, 4, 5, G} 4 28480 0370-2486
fuseholder, body 1 28480 2110-06G4
juseholder, cap 1 28480 2110-05G5
fuscholder, nut 1 28480 2110-0569
caver, top 1 28480 5000-3137
cover; hottom 1 28480 5000-3138
frame, fromt 1 28480 5000-3139
front panel 1 28480 | 06235-00001
heat sink 1 28480 £020-2580
foot, rubber 4 28480 0403.0266
heat dissipator {U1) 1 28480 12050336
clip, cable i 20480 | 1400-0911
bracket, meter 1 28480 | 0623500002
hushing, transistor insulator 6 28480 0340-0168
transistor insulator, mica 2 28480 0340-01 74
transistor insulator, mica i 28480 0340-0180
bushing, insulator b 28480 0340-0415
Miscellaneous
fuse 0.2A sto-hlow {240Vec operation) | # 313.200 7595 2110:0235
line cord 1 28480 see para. 2-21
line cord strain relief i 28480 0400-0013
packing carton 1 28180 9211-2812
- floater pad 4 28480 9220-2854
i filler pad 4 28480 | 9220-2853

Note 1: Alternate part number, See paragraph 543,
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SECTION VII

CIRCUIT DIAGRAMS
71 COMPONENT LOCATION DIAGRAM 7-3 SCHEMATIC DIAGRAM
7-2 The compenent location diagram for powver supply 14 Figure 7-1 is o schematic diagram ot jhy G236A.
Mode! G236A is given below. The iflustration shows the * The test points {¢ireled numbers) shown op the schematie
physical locaticis end refrience designations of parts ‘ correspend to those on the component Jocation diagram
mounted on the printed circuitcard. and in the trouhleshooting procedure in Section V,
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MANUAL CHANGES
5236A Triple Quiput Pawer Supply
Mantsa! HP Part No. 06235-20007
Make all corrections in the manual according to errata helow, then check the following table for your
power supply serial number and enter any listed change{s} in tha manual.

SERIAL MAKE RS: Change to 42.2k, 1/8W, 10%, HP Part No.
Profix Number CHANGES 0G08-3450. .
R16: Change to 68052, 1/4W, b%, HP Pzrt No.
All - Errata 0683-G81b.
1812A 0020%-up 1 R17: Change to 6.8k, 1/2W, 5%, HP Part No,
0686.6325.

C21: Ghange to G300:F/400uF, 35V, HP Part
No. 0160-2894 (on schematic change value of C21A
to 400uF).
C23: Change to 200uF/1000uF, 50V, HP Part
No. 0180-2907 {C23A and C23B values on
schematic are correct).
Q11: Change to 2NG261, HP Part No. to 1854-
0738.
Make the fallowing a-lditions to the parts list
. and the schematic,
R38: fxd, comp, 4.7k, 1/4W, 5%, HF Part No.
ERRATA: 0683-4725,
, R39: ixd, camp. 2k, 1/4W, 5%, HP Part No.
On the title page, change serial number appearing 0683-2025.

in the title and associated notes to " 1803A-00101." CR17: diode, silicon, HP Part No. 1901-0327,
: Connect R3B between collector and emitter of

On schematic, connest U1 pin 1 (test point @ ) transistor Q2.

to 'SOURCE transistor within the U1 voltage Reo.

I..C. Also change C13to 180uF, 50V, Connect R39 bewween +6V output teeminal and

! coM.

On page 7-1, componeat locations diagram: ‘

Change reference designation of resistor located ~ Connect anode of CR17 to emitter of Q11 and

between CRG and W12 from ""R9” to "R19.” cathode of CR17 to junction of CRI1G and R16.

Reference designation of component tocated On page 7-1, companent lacaticns diogram,

Letween C2 and €3 is " R2.” position the new components as follows:

CR17: Between CR16 and U2 (R15 is now

On page 5-7, paragraph 5472, change the grease located bet.veen CRI1G and CRG).

speficied in step ¢ from “silicon grease (Dow R38: Directly below C1.

DC-5 or HP 8500-0059)"" to "Heat Sink Com- _R39: To the immediate left of "R25,

pound No. 100 American Oil Ca., Part No,

PAC2471 (HP GO40-04115).” 3.22.78

CHANGE 1:

The following changes were made to reduce turn-
off overshoot at maximum specified operating
temperature and maximum specified series pass
'transistor leakane current.

Make the following changues to the parts list and
schematic:




