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HEWLETT w PACKARD

CERTIFICATION

Hewlert-Packard Company certifies that this instrument met its published
specifications at the time of shipment from the factory. Hewlett-Packard
Company further certifies that its calibration measurements are traceable to
the United Staes National Bureau of Standards, to the extent alfowed by thr
Bureau's calibration facility, and to the calibration facilitias of ather Inter-
national Standards Organ.zation members,

WARRANTY AND ASSISTANCE

This Hewlett-Packard product is warranted against defects in materials and |,
workmanship for a period of one year from the date of shipment [except
that in the case of certain components listed in Section | of this manual, the
warranty shall be for the specified period}. Hewlett-Packard will, at its op-
Jdon, repair or replace products which prove to be defective during the war-
ranty period provided they are returned to Hewlett-Packard, and provided the
preventive maintenance procedures in this manual are followed, Repairs neces-
sitated by misuse of the product are not covered by this warrunty, NO
OTHER WARRANTIES ARE EXPRESSED OR IMPLIED, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIE® OF MERCHANT-
ABILITY AND FITNESS FOR A PARTICULAR PURPOSE, HEWLETT-
PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES,

3
Servier contracts or customer assistance agreements are available for Hewlett-
Packard products,

For any assistance, contact your nearest tlewlett-Packard Sales and Service
Office. Addresses are provided at the back of this manual.




SECTION |
GENERAL INFORMATION

11 DESCRIPTION

1-2 The Modal 6234A Du+t Qutput Power Supply is a com-
pact, constant voltage/current fimiting supply that delivers
two lsolated 0* to 26V outputs rated ot 0.2A. It is &n ideat
power supply for design an-J breadboard work where single or
dual voltages are required. Each output voltage is continuous-
Iy variable throughout its range and separate fixed current limit
circuils protect each output against averlead or short circult
damage. :

1-3 Connections to the outputs sre made to binding post
type terminals on the front panel. The outputs can be used in-
dividually or In combination to satisfy any number of outpu:
demands. The positive or negative terminal of each output can
be grounded or each output can be lfelt floating. A chassis
ground terminal is located on the rear of the supply.

1-4 The front panel also contains a line switch, output
voltage controls, a combination voltmeter/ammater, and two
mater select pushbutton switches. One meter pusnbutton
salects either voltage or cutrent monitoring white the other
selects which output is monitored. The supply is furnished
with a permanently attached 5-foot, 3-wire grounding iype
line cord. The ac line fuse is an extractor type fuseholder on
the rear heat sink,

1.5  SPECIFICATIONS

1-6 Instrument specifications are listed in Table 1-1. These
specifications are the perlormance standards or limits against
which the instrument is testad. .

1-7  OPTIONS

i 1
138 Options ore factary modifications of a standard instru-
ment that are requested by the customer. The lollowing
options are avaifuble with this instrument.

OPTION NO. DESCRIFTION
028 viput power: 208-250Vac, 47-63Hz,
single phase,
910 One additional operating and service
manual shipped with the power supply.
'1-9 Befora the supply is shipped from the factory, the pro-

per intetnal jumners are connected and ' correct fuse install-
'ed for the line voltage specified on the order, A label n the
re: ; heatsink identifies this line voltage option. The user can

*Each output has a minimum operating voltage of = 20mV,

I
i

convert an instrument fram one line voltage option to the
other by following the ‘nstructians in paragraph 3-13.

1-10 SAFETY CONSIDERATIONS

- This product is a Safety Class B instrument (provided
with 8 proinctive earth terminatl. The instrument and manual
should be roviewed for safety markings and instructions
before uperation,

%2 ACCESSORIES

113 The nccessory listed beldw may be ordered from your
local Hewlet:-Packatd field sales office either with the power

supply ar separately. {Refer to tha list at the rear of the manual
for addresses.}

HP PART NO. DESCRIPTION

145224 Rach Mounting Tray for mounting one or

two 6234A supplies in & standard 197

relay rack,

1-14 INSTRUMENT AND MANUAL
IDENTIFICATION

1-15 Hewlett-Packard power supplies Jre identified by a
two part serial pumber. The first part is the scrial number
prefix, @ number-letter combination that denotes the date of a
significant design change and the country of manufacture.
The first two digits indicate the year {10 = 1970, 11 = 190,
etu.} the second two digits indicate the week, and the letter
A" desighates the U.5.A. as the country of manufacture.
The second part is the power supply serial number, A dilferent
soquential number is assigned to each powsr supply, starting
with 00101,

1-16 i 1he scriql number on your instrument does nat
agree with those on the title page of the manual, Chanye
Sheets supplied with the manual or Manual Backdating
Changes define the difference between your instrument and
tha inst-ument described by this manual,

r

1-17 QRDERINS ADITIONAL MANUALS

1-18 One manual is shipped with each power supply. (O
tion 910 is ardered for each extra manual, see paragraph 1-9.)
Additional manudls may also be purchased separataly from
yout [ocal Hewlett-Packard field office isee the list at the rear
of this manual for addresses). Specify the model number,
serial prefix, and the HP Part Number provided on the title
page.




Table 1-1, Specitications

DC Output

Valtage span aver which output may be varied using tront ’

panel controls,

Quiput ViI*:
Qutput V2°:

Qv 25V At 0.2A
Jio 26V at 0.2A
i
‘Minimum operating voltage for each output is = '20
millivolts. Short circuit output cutrent is 0.276A +10% for
each output, :
I

Load Effact {Load Heguintlonl:

Less than 0.01% + 1mV for a load current change uqyal to
the current rating of ‘he supply.

Source Effect [Line Regulation):
Less than 0.01% + ImV lor any input voltage chai:ge within

rating. ‘ ‘

PARD (Ripple and Noise): '
200V rms/ 1mV p-p.

Load Transient Recovery Time: )

Less then SOpsec for output recovery to within 16mV of
nominal output voltage following o load change from a full
load to half load [or vice versa).

Temperature Ratings:

Operating: 0 1o +40°C ambient. From 40°C to §5°C, output
current is derated linearly to 50% at 55°.

Storage: —40°C to +75°C.

Télhpemtum Coetficient;

Less than 0.04% + 1mV voltage change per degree Celsius
over the opersting range from 0 to 43°C afrer 30 minutes
warm-up.

Dritt (Stability):
Less than 0.1% + B5mV (de to 20Hz) during B hours at cons-
tant line, load, and ambient after an initial warm-up time of 30

" minutes,

Input Power:

Standard: 104-127Vac (120Vac nomingl), 47-63Hz, single
phase. (240Vac line voltage option available, see paragraph
1.8).

Mater Ranges:
to 30V, 010 0.25A,

Mﬂtef Accuracy:
Voltmeter: -t 4% of full scale,
Ammeter: £ 4% of full scale.

Waight:
Net: 51b (2.3 kg)
Shipping: 71 (3.2 kgl
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SECTION 1
INSTALLATION

!

2-1 INITIAL INSPECTION

2-2 Before shipment, this instrumaent was inspeeted und
fourd to be free of mechanical and electriral defects. As soan
as the instrument is unpacked, inspect for any damaye that
may have occurred in transit. Save all packing materials until
the inspection is completed. If damage is found, e claim with
carrier immediately. The Huwdntt-Packard Sales ond Scivice
office should be notified as soon as possible,

2-3 Mechanical Check

2-4 This eheck should conlirm 1h.u there are no b.oken
knobs or connaectors, that the cabinat hnd panel surfaces are
qee of donts and scratches, end that the meter s not
scratched or cracked,

2.5 Electrical Check
26 The instrument should be checked against its electricol
specifications. Section V includes an “in-cabinet’” pertor:

‘mance cherk to varily proper instrument operation,

12-7 INSTALLATION DATA

+ 2.8 The instrument it thipped ready far bench aperation.

Belote applying power to the instrument, see the CAUTION
notice in paragroph J3-11.

4.9  Location

2.10.  This instrument is air coofed. S aHicient space shoula
be allotied so chat a frue low of cooling air can reach the rear
of the instrument when 't is in operation. It should be used in
an area where the ambient temperature does oot exceed 40°C
{up to 55°C with derating).

2.1 Nutline Diagram

2-12 Figure 2-1 illustrates the outline shape and dimen-
sions of this supply.

2-13 . Rack Mounting

2-14 One or two 6234A's may Le mounted in a standard
19-inch rack panel using rack mounting troy HP Part No.
145224, Installation cansists el bolting the rack mounting tray
to the 19-inch rack and sliding the power supplyls} into the
slotls) provided in the tray. The power supply’s rubber teet are
seated in holes in the bottom of the 1ray.

2-1

2-19 Input Power Requirements

2.6 The zsupuly iy be operated contincously fram a
nominal 120V or 240V {47-631H2) single phase power source.
The supply is shipped fram the factory ready to be operated
fr yin one of these power sources, A label on the rear heatsink
identifies the line volrage option of your supply. The input
valtage range and input current 1equired for each of 1he
nominal inputs are listed betow. The maximum input power
{high line, full icad conditions! required for either inpat is 30
witts.

Line Volige Maxirmum
! Option Aange Input Current
Stundard 1120Vac) 104-127Vace 0.26A
[ 028 t240vac) 208.250Vac 0.12A

217 If desired, the user can convael the unit fram one
option to another by following the instructions in paragraph
313.

218 Power Cable

I‘il \“MLIIHI ‘I' Hll'j‘ ilu Iml ! | | Wlmﬂhﬂ \u!ii A ||%

:
.
e
M- _, # Nam
rlpdih st
o ey - - i -
i n | ! :.‘. i
T st e P! .- - [
by of :
| 3 LR S
| ' s
4 W avne | by
3 dane- )
:,n-.,__.‘_.._.._. ' b b
AR CRathA 1Ay 3%
T Am
L ——
! Figure 2-1. Qutline Diagram

IR el

IR L




e dn

219 To protect operating personnel, the National Elec-
trical Manufacturers Association {NEMA) recommends that
the instrument panel and cabinet o grounded. This instru-
ment is equipped with a three conductos power cable. The
third conductor is the ground conductor and when the coble s
plugged into an bppropncto teceptacie, the instrument is
grounded. The aoffset pin on the power cable three-prong
connectar is the ground cennection, In no event shalt this
instrument be opcrated without an adequate cubinet ground
connection.

2-20 To preserve the protection feature when operating
the instrument from a two-contact outlel, use a three-prang to
twe-prang adapter (il permitted by local regulations) ancon-
nect the freen lead on the adapter to ground.

2.21 Model 6234A is equipped at the factory with a power
cord plug appropriate for the user's lucation. Figure 2-2il-
lustrates the standard configuration of power cord plugs used
by HP. Below each drawing 's the HP Part Mumber for a
replacement power cord equipned with o plug of that zon
figuration. Notify the nearest HP Sales Oflice if your require a
ditferent pawer cord.

2.22  REPACKAGING FOR SHIPMENT

rarr o Ty

2.23 To insure safe shipmen! of the instrumem, It is
recommended that the package designed for the instrument
bez used. The original packaging materis! is reusabte. If itis not
available, comact your local Hewlou-Packard field office 10
obtain the materials. This affice will also fuenich the address of
the nearest service oliice to which the instrument can be ship-
ped and provide the Authorized Returp labal necessary to ex-
pedite the handling of your instrument return. Be sure to at-
tach a tag to the instrument whick specifies the owner, mode!
number, full serial number, and wervice requited, or a brief
description of the trouble.

o)

4120-00%0 B120-1351 QFTION 78
STANDAY.O [i20MVAC) { 24QYAC 1240 vAC)
© [+]
Q O o )
o
BZO-1369 8120 -16™ 8120 - 2104
{240 VAC) 1240QVAL) { 240vaC)

Figura 2-2. Power Cord Plug Configurations

22,






SECTION [l
OPERATING INSTRUCTIONS

31 INTRODUCTION

3-2 This sectlon describes the opersting controls and
Indicaters, turn-oh checkout procedures, ond athar operating
considerations for the Madel 6234A Dual Output Powur
Supply.

WARNING

Before the instrument is switched c.), ail
protective barth :emtr’na{s;eﬂemian cords,
auto-trynsformers and devices connected to
it should be connected to a protective edrth
' grounded socket. Any interruption of the
i protective vinh grounding will cause a
' potentral shock hazrd thot cou'a vese it
in personal injury.

Only fuses with the reuired rafed current
and specthied type should be used. Do not

| use repaired fuses or short circuited
tusahatders. To do so could cause a
shock or fire hazard,

33  GONTROLS AND INDICATORS

34 Line Switch
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Figure 3-1. Controls and Indicators
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3-1

36 The LINE pushbutten switch titem @ , Figura 3-1)
is pushed-in to turn the supply ON and released (out paosition)
to turn the supply OFF, A simulated (non-oiectricall ON in-
dicator within the pushbutton) “lights” when the button is
pushed-in whether or not pawer is applied to the unit.

3-6  Voltage and Current Metering
37 Two meter select pushbutton switches litems @
and ) permit the output voltege or current of sither aut-

put (V1 or V21 to be nonitored on the VOLT/AMPS mator

. The V/A pushbutton selects either valtage fomt
position) or current fin position), The V1 and V2 autput select
pushbuttons connect the desired outpul 10 the meteiing
circuit when the applicable button s pushed in. The voltmeter
range is fram © to 30V while the ammeter rango is from O to
0.25A,

3-8 Voitaga Controls

39 The V» and V2 VOLTAGE cantrals fitems (&) and

} set the voltage level of the corresponding output. The
voltage controls are 3 3/4 turn, cermet potentiomaters with in-
finite resolution; thus, the resulution obtained depends unly
upon the user's care in setting the contrals. Each control has a
self.contoined clutch {ball-bearing mechanism) that allows the
contral 1o be rotated continugusly in either direction, When
the clutch becomes engaged at either end point {ICW o
CCW), further rotation En that ditection will not change the
potentiometer's clectrical satting. A slight resistance is en-
countered when rotating a control with the clutch mechanism
engaged.

NOTE

Greater accuracy in setting the controfs
canhe ochieved if @ DVM is used io
monitor the outins.

310 TURN-ON CHECKOUT PROCEDURES
311 The following steps describe the use of the Model
6234 A fromt panel controls and indicators illustrated in Figure
3-1 and serve as a briet check that the supply is operational.
Follow this checkout pracedure or the more detailed perfor-
mance test of paragraph 5-6 when the instrument is received
and before it is connected 10 any load equipment. Proceed to
the more detailed performance test bcgmmng in paragraph
5-15 1 any difficulties are encountered.



CAUTION

Before the supply 15 switched on, check
ther et o thre Beat sink 1o ke corhan
that the supply’s bne voltage oplon
aggrens with the e voltage 1o her teseed.
The supply will he damaged if ot 15 wired
far o 120Vac wmpat amnd 240Voe
Jrower s e,

a. Comnect line cord 1o power source and push LINE switch

1) in.

iy. Set meter sclect switches @ . @ 1o momitar sup-
ply’s Vv output voltage. With no Joad cgnnected, vary the Vi
voltage cantrol over its range and check that, the
voltmnater responds 1o the control setting.

¢. Monitor the supply’s V2 output voltage. With ng load
connected, vary the Vi voltage control \B}  over ils range
and check that voltmeter responds to the conliol setting.

. Turn the Vi and V2 VOLTAGE controls tully CW. Connect
ammeter (e, g., Simpson Multimeter Model 2691 in turn, bet-
ween the + und — terminals of each output. The intesnal
resistance of the meter is low enough o overload the supply
so that the output will cusrent limit, Verily that wne corrent
limit circuit in each supply (V1 and V2) is limiting the output
cureent to 0.275A 1o ¢+ 10% @25"C.

¢. Remove ammeter and connect loads 1o the output -
minals {see parageaph 3-21),

312 It this brie! checkout procedure or fater us2 of the

supply reveals o possible rxdfunction. see Section Vool tlns!
manual {or detailed tast, voubleshooting and adjustmenr pro-

cedures. ‘

313 LINE VOLTAGE OPTION CONVERSION

3-14 To convert the supply from o line valtage option 1o
the other, proceed as follows:

1. Disconnect line cord from, the power source.

2. Remove tof cover om sapply by removing 2 screws in
rear of supply and sliding cov et 10 the rear. The line voltage
jumpets are located behind Yne switch 51, 1S component
locations diagram in Sectign Vi)

3. Roler to component Igrations diagram and install
jumperis} for 120Vac or 240Vac ing+ os foltows:

Input Jumpers
120Vac JY and J2 in, J3 out
240Vac J3in, J1 and J2 out

4. Chuck the rating of the installed fuse and replace it with
correct value, it necessary. For 120Vac n put, ‘use a 0.4A Jlo-
blow fuse IHP Part No. 2110-0340). For M6Vac input, use o
0.2A slo-blow fuse {HP Part No, 2110-0235).

5. Install proper line cord and plug {see paragraph 2-19}),

6. Replace cover and mark the supply clearly with a tag or
label indicating the carrect line voltage to be used.

3-16 OPERATION

316 Fhe duat autpues of the 62344 can be used ndividuat
by, i senes, o mparaliel. Bach output con be Hloated tug 1o
300 volts otf groundb or, the + ot el af sither oupat
i e grgunded 1o the chassis ground mrmnal which s
tociated on the supply’s nne beit sink,

3-17 Qvercurrent Protection

318 The outputs are mdividually  protected  aganst
ovetlaad or shart cireuit damage by separate cument hiniting
crcuits. The cireats are factory adjusted 1 inut the output
curtent to 0.275A ¢ §0%. The cutrent dinnts are set by ad
justing A2 m e Viosupply and Rizan the Ve supply (see
paragraph 5:47 1. No detenoraton ot thit supply’s petlor
mmance ocours if the output cutrent iomains betow the corrent
harwt setiung.

3-19 Operation Beyond Rated Qutput

320 The 6234A can provide voliages ansd currents groater
than its rated maximum autpits b 1@ hne voltage s ot o
ahave s pomingl value, The Vooand Vo supphes can be
operad above thew ratngs (e, g, up tn 30V, but purfor
mance speciications cainot be guaranteeo above the rited
output of 010 25V a1 1.2A,

32 Connecting Loads

322 Connect cach load to the power supply output tes-
minals  using  separate pairs of connecting wires, This
mininy2es mutual coupling between Joads and takes full ad
vantage of the low output impedance of the supply. Laad
wires mist be of adequately heavy gauge 1o maintain sitistac
1oty regulation ot the laud. Make vach pair ol connecting wites
s short as possible and twist or shield them 1o reduce noise
pick-up, U shiclded wire is used, connect one end of the shield
to the power supply ground terminal and keave the othet end
unconneeted.

323 I} 1gad considerations reguire lociting output powet
distribution terminals at a distance from the powur supply,
then the power supply outpu? terminals should be connected
to the remate disgribution terminals by o pair of twisted or
shielded wites and each Joad should be connected to the
remote distrbution ternals separitely.

3-24 Series Operation

325 The two outputs (Vi and V. can be connected m
series 1o obtain o higher voltage tup 1o 5OV) than is avadalite
fram & sngle output. Each gutput cantrok IV and V2] must be
adjusted in order to obtain the total output voltage. Diodes
connected intermally across each output protect the supply’s
output filter capacitors against reverse voltages. This could
occurif the supplies are connected in series and the output s
shorted.

326 Parallel Operation




3-27 The V1 ond V2 supplies can be connected in manradlel to
abtain & total output current grater than that availible from
one supply. The total output current is the sum ol the gutput
curmnts of the individual supphies. The'gutpul voitage con
trols of one powsr supply should he set 1¢ ihe desired output”’
voltage, und the other supply set for slightiy larger autgo
voltage. The supply set to the lower output voliage will pct as
a2 constant voltage source, while the supply sut to e e ey
output will act as a current limited seurce, dropping s i ol
voltage until it equals that of the other supply. The constang
volliage source will deliver only that fraction of iti rated output -
current necessary 1o Fullill the total current denimd.

3.28 Special Operating Considerations

3-29 Pulse Loading. The power supply will sutomatically
cross over lrgm constant-valtage to current-imit operation o
response ta an increase in the autput current over the preset
limit. Although the preset limit may by set higjher than the
average output current, high peak curnis is occur in pulse
loading may uaceed the preset curtent limi and  cause
crgssover to occur and degrade performance,

3-30 Qutput Copacitance. An intemnal capacitor Jarioss
the output terminals of the power supply helps to supply igh

il

33

current pulses of short durition during  constant-valtage
operstion. Any capacitance added externally will improve the
pulse cutrent copatuhity, but will decnisise th laad protectian
proviried by thie current instuy circuit. A hagh catrent output
pulse may damage loid componems befare the avarage ot
put current s lirge enough ta couse the curent livting ircuat
o aperate.

&N Raverse Current Lo ding. An achve doad con
nected to the pawst supply may actualily deliver a reverse cor
renl ta the supply duning a g rion of 1S opurating cyche. nter
nal diodes protect the seriet regulatar trnsisions the H233A
supply by prevennng reverse current from Howng throtgh
them,

332 Raverse Voltage Protection. Infernil diodes cuh
nected with reverse pokirity crgss the output teominkils pro
et the gutpul electolytic capacitors and the dnver fran
sisturs fram the effeces of @ overse voltage apphed across a
supply output.

3.33 Qutput Voltage Overshoot. Durmg) bitn on of tun
oft of o¢ power, putput plus overshoot will not exceed ol
the output is sat tar _ss than 1.1 the control s s tar IV or
highur, there s ny gveishoot.



SECTION IV
PRINCIPLES OF OPERATION

41 OVERALL DESCRIPTION

4-2 his section presents the principles of aperation for
the Modvl 6234A Dual Quitput Pawer Supply. Throughout this
section, rofer ta the schematic of Figuee 71,

4-3 The 6234A contains two independent power supplies
idesignated V1 ar-* V2), 2 common input power circuit, and &
meicr circuit that can monitor the output voltage or current of
either supnly.

4.4 The wwo primary windings of the power transformor
are connected for either a 120Vac inom.} ar a 240Vac (nom. )
nput by installing the applicable jumperis). The tansformer
secondaries provide reduced ac voltages to two lull-wave
bridge reciifier circuits in each supply (Vi and Vi), One circuit
provides raw d¢ for o 0-25V regulator cirquit while the other
provides raw dc for a reference and bias supply.

4.5 Hy compating its output to a high-stability reference,
the V1 supply’s 0 1o 256V regulator holds its output ve'tage at
the value determined by the Vi VOLTAGE [ront panel control,
Any error in the actual output as compared to the desired out-
put is amplified by an operational amplilier and applied as
feedback to rorts! the conduction of a series regulator tran-
sistor. As o result, the voltage acro-s the series transistor
varies 5o 8s 1o hold the output voltage constant at the desired
level. The high gain of the voltage comparison amplifier and
the stability of the reference ensure that input voltage or load
current variations have little effect on the output valtage.

46  The Vi output is protected by o fixed current limit cir-
Lbit. When the output current ircreases to 0.276A, this cirzuit
will take contral of the regulator gutprt voltage and sed uce it
as necessary to keep the output urrent from ex.eeding
0.275A.

4.7 The Vi reference and bir, supply provides the bias
voltages and a reference curren” source for the Vr J-25V
regulator,

48  The Va2 supply contains a 0-25V regulator and its own
refetence and hias supply and is identical to the Vi supply.

3
| .
4.9  Two pushbutton switches select which supply (Vr or
Vz) has 1ts output voltage of current indicated on tha combing-

tion voltmeter/ammaeter. ,
t

CIRCUIT DESCRIPTION '~ ,
LD} Since the Vr and Vz supplies are identical, anly the V1
circuits are discussed.

4-10

4.12 0 to +25V Regulated Supply

413 Voitoge Comparison Amplifier. The voltage com:
parison amplifier contrals the conduction of series regulator
01 so that the voltages at the two inputs of the amplifier re-
main equal. s inverting input (U3-6} monitors the output
voltage. Its non-nverting input (U3-5) monitors a stable
reference voltage which is produced by a constant reference
current (ree, 3ImA nomiral) flowing through the Vi VOLTAGE
control {R 1}, The reference voltage level is proportional to the
resistance setting of R1, thus the cutput vollage of the supply
is proportional to the resistance setting of R1. At the cutput of
the comparison amplifier {U3-7), a negative change cor
respands to a decrease in the conduction of Q1.

4-14 CR7? and CR8 protect the amplificr against excessive
inpu' voltage, €6 and R7 form a low pass filter to smaooth any
noist generated across the VOLTAGE control R1. C5 stabiilizes
the supply's high frequency characteristics.

415 Driver and Series Regulator. The + 12Va output of
the bias supply provides the turn-on bias for series requlator
transistor Q1. Its complete cutrent path inctudes U4, R4, and
Q. The voltage comparison amplifier {U3) or the current limit
sense transé: or Q4 controls the conduction of driver Q2 which
regulates the flow of wn-o!f bias for Q1. The algebraic sum of
the nearly constant turn-on bias through R4 and the vanable
turn-olf hias through Q2 controls the conduction of serics
regulator transistor Q1.

4-16 Resistors R28 ond A29 provide on elternate path for
leakage current when the supply is turned-off. Ferrite bead L1
suppresses high frequency oscilfations.

417 Current Limit Clrcuit, Current limiting occuss when
the current limit sense tran=istor Q4 conducts. This is deter-
mined by the voltage drop . current sampling resistor
R10 and the adjustment of curren: limiting potentiorheter R2.
When the output cutrent teaches the hnit value 10.275A
1+ 10%), the voltage at the G4 base becomes positive enough
to turn Q4 on. For this condition, driver rransistor Q2 s wirned
on harder diverting base drive away from the series regulator
transistor, Consequently, the regulator’s output voliage is
ruduced as ¢ .cessary to keep the output current from ex.
ceeding the limit value.

4-18 Circuit Protection Components. Diodes CR1 and

- G2 each protect the Vi supply from specific hazards, Seties

regulator diode CRY prevents a severse current fram flowing
1t rouyh @1 should an external source try to push c srrent back

" through the supply. Quiput diode CR2 protects the supply's
‘components i a reverse voltage is applied 1o the Qutput ter-




minals. Diodes CR4 and CRG are Included 1o prowne against
ovrshoot Tor fow output voltages ot wmeofl. Digde CRS
prevents the voltage comparison amplifier from sourcing cur-
tent when the regulator is in the cunent limit made, thus
preventing instobility in e current limit operating mode.

4-19 Reference and Bias Supply

4-20 The reference and bias supply powers the aperationd!
amplifiors, provides bias voltages tor the series regulator and
driver tronsistars, and produces the constant reference cur-
rent required by the 0-25V regulator circuit,

4.21 The V1 rejerence and bias supply consists of fuli-
wave bridge rectiier 1C (1), + 12V regulator IC {U4), and 2
reference current source comprised of operational amphfier
IP/O U3} and transistors Q3 and Q5. The transistors are con-

nected in a Darington configuration to achieve o nearly weal
current source. The operational amplifior compares the
voitage at the junction of R22 and R41 with a highly stabln
sener reference and furishes the proper base drive current 5.
quired to keep the raference current {lkif) constant,

4.22 Mater Circuit

4.23 The output voltage or cutput current al either supply
can he measured on voltmeter/ammeter (M1} The
volts/amps (V/A) pushbutton selects either voltage or current
and the V1/Vz pushbutton connects the desired output to the
mutering circuit. A24 is a vollage scaling resistor. When
measuring output current, the meter, in series with resistor
R25 ond ammeter adjust potentiometer IR26), is connectod
across the applicable current sampling resistor R10 (V1 supply)
or R20 [Vz supplyl.
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SECTION V

MAINTENANCE
B-1 INTRODUCTION 510 Whev measurements are made a1 the front panel ter-
minals, the munitosing leads must be connected at point A, as
52 Upon receipt ol the power supply, tha performance shown in Figure 51, and not ot point B. Connecting the

test of paragraph 6-6 can be made. This test is suitable for in-
coming inspection. Section 1} contains o quick but less com-
prehensive checkout procedure that can be used in lieu of the
performance test if desired.

53 if a fault is detected in the power supply while making
the performance est or during normal oparition, proceed to
the troubleshooting procedure in paragraph 5-32. After
troubleshooting and repair, repeat the nerformance test to en-
sute that the fault has boen properly corrected and that no
other faults exist. Belore performing any maintenance checks,
turn an the power supply ond allow a half-hour warm-up
b-4 TEST EQUIPMENT REQUIRED

§5  Table 5-1 lists the tost equipment required to perform
the various procedures described in this section.

5-6 PERFORMANCE TEST

57 The following test can be used as an incoming inspec-
tion chesk and oppropriate portions of the test can be
repeated 1o check the operation of the instrument after
repairs, If the correct result is not obtained for a particular
check, proceed 1o tha troubleshooting  procedures of
paragraph 5-32.

CAUTION

Before applying power to the supply, check the
label an the heat sink to make certamn that the sup-
ply’s fine voltage option agrees with the hite
voltage to be used. The supply will be camaged if
its internal jumpers are connected for a 120Vac
input and 240Vac input power is appiied,
58 General Measurement Techniques
5-9  Connecting Measuri g Devices. To uchieve valid
results when measuring the foad effect, PARD (ripple and
noise), and transient recovety time of the supply, measuting
devices must be cennected as close to the output terminals as
passible. A measurement made across the foad includes the
impedance of the leads to the load. The impedance of the load
leads can easily be several orders of magnitude greater than
the supply impedance and thus invalidate the measurement.
To avoid mutual coupling effects, each measuring device must
be connected directly to the output terminals by sepdrale pairs
of leads.

5-1

measuring device at point B would result in & measurement
that includes the resistance of the leads between the output
terminals and the point of connection.

QUTPYT TEHMINAL

@
L0AQ LEAD %L—;j}z

MONITOR HERE

S

T

]
|
!
i
R

Figure 5-1. Front Ponel Terminal Connections

5-11 Sealacting Load Resistors. Pawer supply specifica-
tions are checked with o full load resistance connecied across
the supply output. The resistance and watrage ol the load
resistor, therefgre, must permit operation of the supoly at its
rated output voltage and current, For example, o supply rated
at 2% volts and 0.2 amperes would require o toad resistance of
126 ghms at the rated output. The wattage rating of this
resistor would have to be ot least § watts.

5-12 Either a tixed or variable resistor (rheostat) con be us:
ed as the foad resistance. Using & theostat falune ur in serivs
with a lixed resistor) is often more convenient than using fixed
resistors as loads because the latter may be more difficult to
obtain in the exact resistance required.

5-13 Output Current Measuremants. For accurate out-
put current measurements, a current samehing resistor should
be inserted between the lood resistor and the output of the
supply. An occurate voltimeter is then placed across the sampl-
ing resistor and the oulput current calcwited by dividing the
voltage across the sampling resistor by its ohmic value. The
total resistance of the seties combination should be equal to
the full load resistance as determined in the preceding
paragraphs.

5-14 Figuie 52 shows a four terminal meter shunt, The
load current through a shunt must be fed to the extremes of
the wire feading ta the resistor while the sampling connections
are made as close as possible to the resistance portion itself.




Table 6-1. Test Equipmeant Aequired

REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE MODEL
Digital Sensitivity; 100mV full seale Measure de voltages: HP 34904,
Voltmeter (min.). Input impedanco: calitration procedures
10 megohms {min.}
Varigble Range: 90-130Vac Vary ac input R
Voltage equipped with volumeter
Transformer aceurate within § volt
Qscilloscope Sensitivity: 100aV/7em. Display transient respons? HP 180C with 1B21A, and
Diterential input. and tipple and nolse 1803 A or 18034, plug-ins,
waveforms.
Reporitive Rate: G0Hz, 245 Measure transient See Figure 5-5
Load Sw. tise and fall time response.
Resistive See paragraph 5-15 Power supply Coe e =
Loads {oad resistors.
Curtrent See paragraph 5-15 Measure output current.
Sampling
Resistor {Shunt)

CURRENT SAMPLING
TERNINALS

EXTERNAL
LOAD

10 GROUNODED
TERMINAL OF

SUPPLY
SAMPLING POWLR SuPPL
FESISTOR_

Loan
JERMINALS

T0 UNGRQUNDED
TERMINAL OF
POWER SUPPLY

Figure 5-2, Current Sampling Resistor Commcl[on.'.I

5-15 Rated Qutput, Mater Accuracy,

and Current Limit

5-16 To check that all supplies wilt furnish their maximum
rated output voltage and current, that the front panel
voltmeter/ammeter is accurate, and that the current limit cir-
cuits function, proceed as lollows:

Rated Qutput Voltage ond Voltmeter Accuracy

a. Connect a 12512, 5W, + 5% across the + and ~ out-
put terminals of the V1 supply,

b, Connect a DVM between the Vi + and — output tor-
minals, Connect meter common (o the — terminal,

NOTE

The Vi and V2 VOLTAGE contrals are 3
3/d-unn, cermot potentiomeirs. Each control
has o self-consmped clutch thall-bearing
mechanisar) that alfows the control to be
ratated contimuousty in either direction. When
the clutch becomes engaged it either end pomt
i the CW or CCW direction, further ratation m
the same direction will not change the control's
electrical setting. A slight resistance s felt when
the cantrol iz rotated with the cluich
mechansm engaged.

¢. Rotate the V1 VOLTAGE cantral fully COW until clutch
mechanism engages. Check that the OVM indication is = 20
millivalts.

d. Set meter sclect switches 1o monitor the Vi supply's
output voltage.

¢. Rotate Vv VOLTAGE contral CW until frant panel
volimeter indicates exactly 25 volts.

f. DVM should indicate 25 volts +4%.

0. Repeat steps a through | for V2 supply.

Rated Output Current and Ammeter Accuracy

a. Cannect the test setup shown in Figure 5-3 to the Vi
supply's + and - output terminals.




b. Set moter select switch to manitor the Vi supply’s out-
pt . current,
c. Close the switch and adjust Vi VOLTAGE control until
front pane! ammeter indicates exacily ¢.20A,
d. DVM should indicate 1.2V + 0.048V. '
‘e, Open the load switch and repeat steps 8 through d
abovae for the V2 supply.

Currant Limit

a. Disconnect all loads from supply.

b. Cannect test satup shawn in Figure B-3 to the Vi sup-
ply's + ond — output terminals, Substitute a short for Ry and
lsave toad switch open.

¢. Rotate Vi VOLTAGE contral fully CW until the clutch
mechanism engages.

d. Close load switch and determing the current flow
through the current flow through the current sampling resistor
Rs by measuring its voltage drop with DVM. DVM should read
1,65V & 10%.

e. Open the load switch and repeat steps o through d
ohove for the Vi suppiy.

§-17  Load Effect {Load Regulation):

Dofinition: The change, .. Eour, in the static volue of dc
output voltage resulting from a change in load rosistance from
open citcuit 1o the value that yields maximum rated output
current lor vice versa).

5-18 To check the load effect:

a. Connect a full load resistance {1250 and a digital
volimeter across the output of the Vi supply,

b. Turn ¢n the supply ond adjust its voliage to its mox-
imum rated value (25V).

¢. Record the voltage indicated on the DVM,

d. Disconnect the load resistance ond recheck the DVM
indication. It should be within 3.6mV of the reading in step {ch.

¢. Repeat steps (al through {d) for the V2 supply.

POWER SUPPLY
LhDER TEST

*
[

DIGITAL
VOLTMETER

N05% s

[HP PART MO
081l +2493)

+
Q

Figure 5-3. Output Current, Test Setup

5-19  Source Effect {Line Regulation)

-, Definition: The change, .". Eour, in the static value of dc
output voltage resulting from a change in ac input voltage
over the specified range from low line {typically 104Vacl 1o
high line [typically 127Vac), or from high line 1o low line.
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E;;-ZO To test the source effect:

! 2. Connect o varioble autotransformer batween the input

h power sqbrce bnd the power supply line plug.

¢ b. Connact a full load resistance and o digital voltmeter

actpss the output of the Vi supply.

c. Adjust the autotransfarmer for a low line input.

d. Turn on the power, adjust the output of the supply 10
its maximum rated voltage, and record the DVM Indication.

e. Adjust the autotransformer for a high ling input and
recheck the DVM indication. It should be within 3.5mV of the
reading In step (d).

{. Repeat steps ib) through {e] for the Va supply.
5-21 FARD (Ripple and Noise)
Definition: The residuat oc voltage that is superimposed
on the de¢ output of a regutated power supply. Rippla and
naise may be specified and measured in terms of its rms or
peak-to-peak value.

6-22 Measurement Technigues. Figure 5-4A shows an
incorrect method of measuring p-p ripple. Note that a con-
tinuous ground loap exists from the third wire of the input
power cord of the supply 1o the third wire of the input power
cord of the oscilloscope via th » grounded power supply cose,
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 cuerent circulating in this lcop 03 B
result of the ditference in potential Ec between the two ground
points cm:ses an IR drop that is in series with the scope input.
This IR drop, normally having 60Hz line frequency fundamen-
tal, plus any pickup n the unshielded leads interconnecting
the power supply and scope, appears on Lhe face of the CRT.
The magnitude of this resulting signal can easily be much
greater than the true ripple developed between the plus and
minus cutput terminals of the power supply and can com-
pletely invalidate the measurement.

523 The same ground current and pickup problems can
exist it an rms voltmeter is substituted in place of the
oscilloscope in Figure 5-4. However, the oscilloscope display,
unfike the true rms meter reading, tells the obsarver im-
mediately whether the fundamental period of the zignal
displayed is 8.3 milliseconds (1/120H2) or 16.7 milliseconds
{1/60H2). Since the fur-damental ripple frequency present on
the output of an HP supply is 120Hz {due to full wave rectilica-
tion), an oscilloscope display showing a 120Hz fupdamental
campaonent is indicative of a “clean” measurement sctup,
while the presence ol 8 60Hz fundamental usually means that
an improved setup will result in a more ocourate (and lowes)
value of measured ripple.

5-24 Figure 548 shows a correct method of measuiing
the output ripple of 8 constant voltage power supply using 3
single-ended scope. The geound loop path is broken by
floating the power supply output. To ensure that no potential
difference exists between the supply and the oscilloscope, itis
recormmended that they both be plugged into the same ac
power bus. If the samc bus cannot be used, both ac grounds
must be at earth ground potential.
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Figure 5-4. Ripple and Noise. Test Setup

525 Either o twisted pair or, preferably, a shielded two-
wire cable should be used to connect the outpul terminals of
the powey supply to the vertical input terminals of the scope.
When using a twisted pair, care must be 1aken that one of the
two wires is connected to the grounded input terminal of the
oscilloscope to ensuse that the supply vutput is safely ground-
ed. When using shielded two-wise, it is essential for the shield
to be connected to ground at one end only to prevent ground
current flowing through this shiled from inducing a signal in
the shielded teads.

526  To verify that the oscilloscope is not displaying npple
that is induced in the leads of picked up from the grounds, the
{ +) scope lead should be shorted to the { — ) scope lead at the
power supply terminals. The ripple value obtained when the
jcads are shorted should be subtracted from the actual ripple
measurement.

5-27 In most cases, the single-ended scope method of
Figute 5-4B will be adequate 1o eliminate extraneaus ripple 50
\hat a satisfactory measurement may be obtained. However,
is mare stubborn cases lor if high frequency naise up to
20:MHe must be measured), it may be necessary to use a dif-
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{erential scope witn floating input as shown in Figura 5-4C. If
desired, two  single-conductor shislded cables may be
substituted in place of the shielded two-wire cable with equat
success. Because of its conimon made rejection, a differential
oscilloscope displiays anly tne dilterence In signal between its
two vertical input terminals, thus ignoring the elfects af any
common mede signal produced by the difference in the ac
potential between the power supply case and scope cose.
Before using o differential input scope in this manner,
howaver, it is imperative that the commaon mode 1ejection
capability of the scope be verilied by shorting together its two
input leads at the power supply and gbserving the trace on the
CRT. I this trace is a straight line, then the scape is properly
ignaring any common mode signat present. Il this trace is not
a straight line, then the scope is not rejecting the ground
signal and must be realigned in accordance with the manufac-
turer's instructions until proper comman mode rejection is at-
tained.

5-28 Measurement Procedure. To measure the ripple
and naise on each supply output, follow the steps below. If a
high frequency noise measurement is desirod, ar oscilloscope
with sufficient bandwidth [20MHz) must be used. Ripple and
noise measuraments can be made at any input ac line voltage
combined with any de output vohtage and load current within
rating.

a. Connect an oscilloscope ar rms voltmeter across an
output of the supply as shown in Figures 5-4B or 5-4C,

b. Energize the supply and observe the oscilloscope or
meter indication. The ripple and noise should not be greater
than 0.2mV rms or 1,0mV peak-to-peak.

c. Repeat for the other supply output.

5-29 Load Transient Recovery Time

Definition: The time “X’* for output voltage recovery 1o
wiidn Y millivolts of the nominal output voliage following 2
#2" ar1p step hange in load current, where: "Y" gquals 15mV,
and 2" is the specified load current change, equal to half of
the current rating of the supply. The nominal output voltage is
defined as the dc level halfway between the static gutput
voltage before and after the imposed losd change.

5-30 Measurement Techniques. Care must he taken in
switching the load resistance on and off. A hand-operated
switch in series with the load is not adequate since the
resulting one-shot displays are difficult to observe on most
oscilloscopes and the arc energy occurring during switching
completely masks the display with a noise burst. Transistor
toad switching devices are expensive if reasonably rapid foad
cusrent changes are to be achieved. Instead. o mercury-
wetied relay should e used for loading and unloading the
supply. Connect it in the lcad switching circuit shown in
Figurs 55. When this load switch is connected 10 o 60Hz ac
input, the mercury-wetted relay wili gpen and close 60 times
per second, The 25K control adjusts the duty cycle of the load
current switching to reduce jitter in the oscilloscope display.
This relay may also be used with a 80Hz uc input.
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Figure 5-5. Load Transient Recovery Time, Test Setup

5.31 Measurement Procedure. To measure the lead
transient recovery time, fallow the sieps below tar cach s p-
ply cutput. Transient recovery time may be measurad at any
input line voltage and any output voltage within ratiry. For
this supply the specified load change is between ha'* ioad and
full load.

a. Connect the test setup shown in Figure 5-5. Both lnad
resistors (A1) are twice the normal value of a full load
resistance.

b. Turn on the supply and close the ling switch on the
repetitive load switch, :

c. Set the oscilloscope for internal sync and lock on either
the positive ut negalive lyad [lensiant spike.

d. Set the vertical input of the oscilloscope for ac coupl-
ing so that small de levet changes in the output voltage of the
power supply will not cause the display to shift.

. Adjust the horizonta! pesitioning control so that the
trace starls 81 a point coincident with @ major graticule divi-
sion. This point then represents time zero.

{, Adjust the verticat centering of the scope so that the tail
ends of the no-oad and fullk-load wasvelorms are symmetrically
displaced about the horizontal center line of the oscilloscope.
This center line now tepresents the nominal output voltage
defined in the specification,

g. Increase the sweep rat. so that a singte transient spike
can be examined in detail.

h. Adjust the sync centrols separately for the positive and
negative going transients so that nol only the recovery
waveshape but also as much as possible of the rise time of the
transient is displayed. ;

55

i. Starting from the major graticule division representing
time 2210, count to the right H0us and vertically 15mV,
Recavery should be within these tolerances, as illustroted in
Figure 56,

i
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Figure 5-6. Load Transient Recavery Time Wavelforms

5-32 TROUBLESHOOTING

5-33 Before attempting to treubleshoot this instrument,
ensure that the fault is in the instrument itsell and not in an
associated picce of equipment. You con determine this
without removing the cavers from the instrument by using the
apprapriate portions of the performance test of paragraph 5 6.

534 A good understanding of the principles cf o jeration
is a hetpful aid in woubleshooting, #nd the reader is advised to
review Section IV of the manual before beginning detaited
troubleshooting. Once the principles of operation are
understood, proceed to the troubleshooting procedures in
paragraph 5-35.

WARNING

Hazardous voltage is present on the crrcuit
hoard in the area of the LINE switch S1, fuse,
andd the ac inpurt umpers. Exercise cire when
troubleshooting this unit with protective covers
removed.

5-35 Troubleshooting Procedure

5-36 It a matfur.ction is found, follow the steps below:

a. Disconnect input power from the supply, temove ol
loads from the output, and remaove covers from supply.

b. Table 52 lists the symptoms and probable causes of
severd! possible troubles. It the symptom is one of those
listed, make the recommended checks.

c. If none of the symptoms of Table 5 2 apply, proceed to
the troubleshooting procedures in Tabl2 5-3.




5-37 The numbeted test points referred to in the
troubleshooting procedures are identificd on the citcuit
schematic and on the component location diagram at the rear
of the maruat.

5-38 Open Fuse Troubleshooting

539 Although transients or fatigue can cause a tuse to
blow, it is o good idea to inspect the unit for ohvious shorts
such as damaged witing, charred components, or exiranegus
metal parts or wire clippings in cantact with circuit board con-
ductors belore replacing the fuse. The rating of the correct
replac 3ment fuse depends on the line veltage option of the in-
strument: for 120Vac line voltage, use a slo-blow 0.4 amp fuse
{HP Part No. 2110-0340); for 240Vac line voltage, use 2 slo-
blow 0.2 amp fuse (HP Part No. 2110-0235).

5-40 REPAIR AND REPLACEMENT
5-41 Series Regulator Replacement

5-42 To remove and replace a series regulator ransistor:

a. Remove the top and bottom covers from the instru-
ment.

b. Remove the collector screws and unsolder the base
and emitier leads from the board to remove the transistor.

c. To replace thr transistor, follow the below reassembly
order, as viewed from the bottom of the heat sink: collector
screws, P. C. board, heat sink, two insulating bushings lin col-
lector screw holes in heatsink), heat sink compound (HP
6040-04151, mica insulator, another coating of silican grease,
transistor, lock-washers, and hex-nuts.

d. Resolder the emitter and base pirs te thu circuit board.

b-43 Semiconductor Replacement

544 Table 6-4 contains replacement data for the semicon-
ductors used in this power supply. When replacing a SEMICON-
ductor, use the fisted Hewlet-Packard or exact commercial
replacement if these are available. neither of these are im-
mediately available ond a part is necded without delay for
operation or troubleshooting verification, the parts designated
Note 1, Alternate Part Number can be tried with @ high pro-
bability of success.

545 Notice that both the commercial and alternate
replacements listed in Table 6-4 apply only 10 the HP power
supplies covered by this manual and their use in any othar
Hewlett-Packard instrument is not necessarily recemmended
because of inclusion in this table,

5-46 ACJUSTMENT AND CALIBRATION

WARNING

Hazardous voltage is present on line switch,
tuse, and ac input jumpers. Exercise care
when making the following adjustments with
protective covers removed from power supply.
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5-47 Current Limit Adjustment

5-48 Partorm the following steps to adjust the curter’ unit
circuit in the V1 or Va supply. Potentiometer R2 sets the Vi and
R12 the V: current imit. {See camponent location diagram in
Section VII.}

a. Twrn the current limit adjustment pot {R2 or R12) to
center {approx. ) position.

b. Connect the test circuit of Figure 5 3 to the output of
the supply to he adjusted. Substitute a shornt for Ry and leave
lcad circuit switch open.

c. Turn an the supply and set the VOLTAGE control for
maximum output ully clockwisel.

d. Close toad switch and adjust the current limit pot 1R2
ar R12} until the DVM indicutes a wvoltape drop acrose the
shunt of 1.65V ¢ 10%.

5-49 Meter Calibration

5.50 Meter Zaro. The meter painter must rest on the 2ero
calibration mark on the meter scate when the instrament is st
normal operating temperature, resting in its normal operating
position, and turned off. To zero set the voltmeter/ammeter,
proceed as follows:

a. Turn on the instrument and dllow it to come up to nor-
mal operating temperatuee lin about 30 minutes).

b. Turn oft instrument and allow 30 scconds tor all
capacitors to discharge.

¢. Insert small derewdriver into the small hole dectly
below meter face.

d. Rotate zero adjust screw clockwise unnl meter reads
2erg, then rotate counterclochwise shghtly in order to free ad
jusiment screw from meter suspension. Pointer should not
move during latter part of aciustment. If pointer moves, repeat
the adjustment.

5.51 Ammaetear, Check and calbrate the front nanet am-
meter by following the sieps below.

a. Set meter switches to monitor the Vr supply’s output
current.

k. Connect the test setup of Figure 5-3 to the Vi supply’s
t and — output terminals.

c. Clase the switch and set the Vv VOLTAGE control so
that tha DVM reads 1.2V,

d. Check that the front panel ammeter reads 0.2A. |f
necessary adjust potentiometer R26 for 0.2A indication on
front panel ammeter,

5.52 “foltmaeter. Check the accuracy of the front panel
volimetes by performing the voluneter accuwracy test in
paragraph 5-15. The accuracy specification is + 4% for the Vi
and V:ranges. If the voltmeter ranges are not within specifica-
tion, check the value of R24 in the meter circuit.




Table 5-2. Miscellanggus Troubles

SYMPTOM

CHECK — PROBABLE CAUSE

High Ripple

. Check operating satup for ground foops {see paragraph 5-22),

. Defective C1, €3, C7 (Vi supply) or C10, C13, C17 (V2 suppiy).
. Open C2, C6, C6 tvy supply) or C12, C15, C16 (V2 supply)

. Shorted R27 or R 7.

. Defective U4, VR1 (V1 supply) or U14, VR0 (V2 supply).

o0 Xo

Will not current limit

. Shorteri €8, R10 (V1 supply) or CI8, R0 (V2 supplyl.
. Defecuve Q4 or Q4.
. Open R2, R23 (V1 supply) or R12, RA3 {V2 supply).

o oe

Paor lgad regulation

. Check load connections.

. Check current limit adjustment in paragraph 5-47.

. Defective U4, VAZ (V1 supply) or U14, VRI2 (V2 supply).

. Defective €5, Q3, Q5 (V1 supply} or C15, Q13, Q15 (V2 supplyl.

=T o N = gl -]

Poor line regulation

. Check main rectifiers and filters.
. Defective U4, VR2 (Vi supply) or U4, VR12 (V2 supply).
c. Shorted R27 or R37.

=]

Poor transienl response

. Defective C5, CB. R9 (V1 supply) or C15, C18, R19 {V:z supplyl.
b. Shorted R2) or R31,

Turn or/off overshoot

. Shorted CR4, R27 iV supply) or CR14, R37 (V2 supply).
. Open CR6, R28, R29 (V1 supply} or CR16, R38, R39 (V2 supply).
c. Defective Q1 or Q1.

oo

Table 6-3. Troublashooting Procedures

SYMPTOM

STEP — ACTION RESPONSE — PROBABLE CAUSE

No outputs {Vh and Vz gutputs
measure OV on front panel meter)
with controls turned CW.

1. Chack for obvious troubles such as
improper ac input cornection or i>put
power failure,

2. Remove power and check fuse F1. a. Il blown, check the following
compnnents for short circuits: C1, C3,
€11, 13, U1, U2, un, Uiz,

b. tf fuse is not blown, proceed to step 3.
3. Apply power and measure valtage a. If DVM measures >25V, meter M1 or
between the V1 supply's + and. — switch 52 defective,

terminals on front panel with DVM.

b. If voltage is OV, check S1 and T1.
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Tabls 6:3. Troubleshootin~ .-rocadurses [Continued)

SYMPTOM

STEP — ACTION

RESPONSE — PROBABLE CAUSE

NOTE: If the output is normal unloaded but falls when loaded, check the current lim

One output {Vy or Vi)
is tower than rating

1. Check unregulated 28V inom) and
44V (nom) input voltages ol applicable
supply (see schematicl,

2. Chack + 12V bias voltage of
applicable supply: TP for V) supply
or TP11 for V2 supply. Connect meter
common to applicable + output
tarminal.

3. Check ~b.6V bias voliage of
applicable supply: TP2 tor V1 supply
ot TP12 for V2 supply. Connect meter
common to applicable + output
terminal.

4. Check the following components in
daactive supply for open circuit:
Vi supply: Q1, Q3, G5, CR1, CR4,
or
Va supply: Q11, Q13, Q15, CR11, CR14,

5. Check the following components in

defective supply for shart circuit:

Vi supply: 2, Q4, CR6, CR7, CR8.
or

Vz supply: Q12, Q14, CR16, CR17,

CR18.

it adjustrent (paragraph 5-47).
o. If both correct, proceed to step 2.

b. i hoth i~ sotrect, transfermer T1
secondary windinsy or lead open,

<. It one ingorrect, check applicable full
wave bridge rectifier (U1, U2, U11, or U12),

a. If voliage is narmat (approx. + 12V},
proceed to step 3.

b. If voltage is not normal, check applicable
+12V 1eg. (U4 or U14).

o. If voltage is normal {approx. 5.6V},
proceed to step 4,

b. It voltage is not normal, check opplicable
zener diode (VR or VR10)L

a. Replace open circuited component.

b. If none apened, proceed to step 5.

8. Replace shorted componeont.

b. it none shorted, check applicable op amp
{U3 or U13) and VOLTAGE control
{R1 or R11).

One qutput (V1 or V) is latched high
{no control).

1. Check the following components in

the delective supply for open circuit:

Vi supply: Q2, CR5, CR7, CR8, R1, R9
or

V2 supply: @12, CR15, CR17, CR18,

R11, R19.

2. Check the following components in
the defective supply for short circuit,

Vi supply: Q1, VBRI
ot
Ve supply: Q11, VR,

a. Replace open circuited componer.t.

b. if none opened, proceed to step 2.

2. Replace shorted componant.

b, If none shorted replace applicable op amp
U3 or U13}
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SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

62 This sn.uun contains intanmation far ordering replace-
ment parts. Table 6.4 lists parts in olpha-numeric order by
reference designators and provides the following inform Jon:

a. Reference Designators, Reler to Table 6-1.

h. Description. Refer to Toble 6-2 for abbreviations.

¢. Total Quantity [TQ). Given only the first 1ime the part
number is listed except in instruments containing many sub-
modular assembblies, in which case the TQ appears the first
time the part number is Jisted in cach assembly.

d. Manulacturer's Part Number or Type.

¢. Manufacturer's Federal Supply Code Numbrer. Rofer o
Table 6-3 for manufacturer's name and address.

1. Hewlett-Packard Part Number,

9. Recommended Spare Parts Quantity (RS} for complete
maintenance of one instrument duing one year of isolated
service,

h. Parts not identilied by a reference designator are listed
at the end of Table 64 under Mechanical and/or
Miscellaneous. The former consists of parts belonging to and
grouped by individua! assermblies; the Ltter consists of ol
parts not immediately associated with an assembly.

6-3 ORDERING INFORMATICN

6-4 To order a replacement part, address order or inguiry
to your local Hewlewt-Packard sales oflice (see lists at rear of
this manuat for addrasses), Specifly the fullowing information
for each part: Model, complete serial number, and any Option
or sperial modification {J) numbers of the instrument;
Hewlett-Packard part number; circuit reference designator;
and description, To order g part not kisted in Table 6-4, give o
complete description of the part, its function, and its location.

Table 6-1. Reference Designators

A = assembly E = miscellaneous

B = blawer [fan) electronic part

C = capacitor F = fuse

CB - circuit hreaker J = jack, jumper

CR =diode K =velay

DS = device, signaling L = inductor
{lamp) M = meter

Tabte 6-1. Reference Designators (Continued)

- plug

= fransistor

= resistor

= switch

= transformer

= tenminat blogk
TS = thermal switch

-3 -
= (o]

\'

VR
X
U

= yacuum tuhe,
neon hully,
photocelt, etc.

= rener diode

= socket

= integrated cir
cuit or netwark

Tabte G-2. Description Abhreviations

A = ampere
ac = alterpating current
assy. = assembly

bd  =board

bkt = bracket

OC = degree Centigrade
cd  =card

coel = coelficient
camp = composition
CRT = cathode-ray tube
CT = center-tapped
de  =dircctcurrent
DPDT~ double pole,
dovble throw
DPST = doubin pole,
single throw
elect = elactrolyric
encap ~ encapsulsted

F = farad

CF = degree Fareoheit
fxd = fixed

Ge = germanium

H = Hemy

Hz = Hertz

IC = integrated circuit

ID = inside diameter
inend = incandescent

k  =kifo=10°

m = milli= 107

M =mega=10

4 =micro = 10°
met. = metal

mit = manufacturer

mad.

mtg
n
NG
NO
NP
Q
obd

oD
P
Pr.C.
pot.
pp
ppm
v

rect
s
Si

= madular or
madhlied

= mounling

= nang ¢ 107

narmath, rclosed

normally open

nicke! plated

= ghm

= grder by
description

= gutside diamoter

= pico = 107

= printed circuit

= patentiometer

= peak-te-peak

= parts per million

= poak reyerse
voltage

= rectifier

= rgot mean square

= silicon

it

¥

SPDT = single pole,

double throw

SPST = single pole,
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T
ran.
Ti
v
var
ww

singte throw
small signal
slow-blow

= tantulum
titanium
volt
variable

= wirewournd
= Watt

M

[l

3

i
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Tabla 6-3. Code List of Manufactusors

Zode Monufacturer Address
o Allen Bradlay Co. Mitwpukee, Wi
01656 RCL Electronics, Inc Manchester, NH
02008 G. E. Semiconductor Prod. Dept. Syrocuse, NY
04713 Motorala Inc. Semicanductor Prad. Div. Phoanix, AZ
06201 General Electric Co., Electronic Capacitor and Battery Prod. Dept. Irmao, 5C

21546 Corning Glass Warks, Electronic Components Div, Bradford, PA
25,40 TRW Electronic Components Div. Dayton, OH
27014 National Semicanductor Corp. Santa Clare, CA
28480 Hewlett-Packard Co. Pato Alto, CA
56289 Sprague Electric Co. North Adams, MA
73138 Beckman Instruments, Ing,, Halipct Div, Fullerton, CA
75042 TRW Electronic Components, IRC Philadelphia Div. Philadelphia, PA
76916 Litteifuse, tn..

Des Plaines, IL
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Table 6-4. Replaceubie Parts

Raef. Mfr. Mir. HP
Dasig. Description TQ Part No. Code Part No. RS
Printad Circuit Bonrd Assy.

c1, 1 fxd, elect 2204F 6OV q 28480 0180-2628 1
C2, C12 | fxd, cer, 0.14F 50V 2 28480 0150-0121 1
c3, 13 fxd, elact 850uF 76V 2 68D44592-DFP 66289 ¢180-1915 1
Cc4, 14 fxd, cer. 0.02:F 500V 2 28480 0160-0468 1
C5, 15 txd, mico 100pF 300V 2 28480 0160-3070 1
C6, 16 fxd, elect, 1uF B0V 2 1500105X0050A2 £6289 01860-0230 1
c7, 17 ixd, elect, 220pF B0V 2 28480 0180-2628 1
C8, 18 fxd, poly, 2200pF 200V 2 AE12C222KT 06001 0160-0154 1
CRt, 2,

11, 12| diode, power rectitiar 4 T1NB0S9 28480 1901-0327 2
CR4-8,

14-18 diode, goneral purpose 10 | 1N485B 28480 1901-0033 B
L, n inductor, ferrite bead 2 28480 9170-0894 1
Q2,12 SS PNP Si 2 S$21297 (NQTE 1} 04713 1853-0041 2
Q3,13 SS.PNP Si. 4 AN290TA 28480 1853-0281 4
Qs4, 14 SS NPN Si. 2 SPS3611 (NOTE 1) 04713 1854-0215 2
as, 16 S5 PNP Si, 2N2907A 28480 1853-0281
R2, 12 vor. cer, 1k 10% 2 72-105-0 73138 2100-3211 1
R3, 13 fxd, comp. 15k 5% 1/2W 2 EB-1535 01123 0686-1535 1
R4, 14 fxd, film 1 33k 1% 1/4W 2 C5-1/4-TO-1331-F 24546 0698-3134 1
R6, 16 fxd, comp. 620 5% 1/4W 2 CB-6215 on21 0683-6215 1
R6, 16 fxd comp. 33 5% 1/2W 2 EB-3305 o2l 0686-3305 1
R7, 17 fxd, film 10k 1% 1/4W 2 C5-1/4-TO-1002-F 24546 0767-0340 1
R8, 9,

18, 19| fxd, film B.11k 1% 1/8W 4 C4-1/8-TO-5111-F 24546 0757-0438 i
R10, 20 fxd, ww 6 0.5% 3W 2 T28-7¢ ! 01683 0811-2499 1
R21, 31 xd, ww 0.62 5% 2W 2 BWH2.62/100-J 765042 0811-1759 1
R22, 32 fxd, film 2.3k 1% 1/8W 2 NES5 24546 0698-6387
R23, 33 Ixd, film 243 1% 1/BW 2 C4-1/8-TQ-243R-F 24546 0757-0408 1
R24 fxd, film 15k 1% 1/4W 1 C5-1/4.TO-1502-F 24546 0757-0757 1
Ri5 fxd, filr 619 1% 1/8W 1 C4-1/8-TO-619R-F 24546 0757-0418 1
R26 var, cer, 200 10% 1 72-103-0 73138 2100-3212 1
R27, 37 fxd, film 1,62k 1% 1/4W 2 C5-1/4.T0-1621-F 24546 0757-0737 1
R28, 38 txd, comp. 10k 5% 1/2W 2 EB-1035 o 0686-1035 1
R29, 39 fxd, comp. tk 5% 1/4W 2 C8-1025 on2 0683-1025 1
R30, 40 fxd, comp. 12k 5% 1/4W 2 CB-1235 on 0683-1235 1
R41, 61 fxd, comp. 30k 5% 1/4W 2 CB-3035 o 0683-3035 |
S1 switch, line 1 2849 310.2287 1
52 switch assembly, meter switch and

power supply select 1 28480 3101-2242 1
ul, 2,

11,12 | diods, fullwave bridge tect. 4 28480 | - 1906-0006 4
U3, 13 operational amp, IC 2 LM358AN 27014 1826-0346 2
U4, 14 voltage reg, IC 2 MC78L12ACP 04713 1826-0275 2
VRI1, 11 | diode, zener 5.62V 6% 2 S$Z10939-110 04713 1902-3104 2
VR2, 12 | zener reference IC, 6.5V 2 LM32302 27014 1826-0585 2

Note 1: Alternate part number, see paragroph 5-43.
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Table 6-4. Replaceable Parts

Ref. Mir. Mfr. HP
Desig. Description TQ Part No. Code Part No. RS
Front Panel Electrical
M1 mater, VOLTS/AMPS 1 28480 1120-139t 1
R, 1 var. cermat 10k 6% (4 turn)
{V1 and V2 VOLTAGE controls} 2 28480 2100-3775 1
Rear Heatsink Electrical
F1 fuse 0.4A 250V slo-blow
{120Vac operation) 1 313.400 75915 2110-0340 1
a,n power NPN Si. 2 2N3055 28480 1854-0563 2
T power transformer 1 28480 06234-80090 1 1
Mechanical
binding post, red 4 28480 1510-0031
binding post, chassis ground 1 28480 1510-0044
knob, control {R1, 11) 2 28480 0370-1091
knob, pushbutton {S2) 2 28480 0370-2486
fuseholder, body 1 28480 2110-0564
fusehold.r, nut 1 28480 2110-0569
cover, top 1 28480 5000-3137
cover, botto[n 1 28480 5000-3138
frame, lrcng‘ 1 28480 5000-3139
front panel 1 28480 06234-00001
heat sink | 1 28480 §020-2579
foot, rubbml‘ 4 28480 04030266
clip, cable | 1 28480 1400-0911
bracket, rreter 1 28480 06234-00002
bushing, tinsistor insulator 4 28480 0340-0168
transistor in['su!amr. mica 2 28480 0340-0174
bushing, inkulator 2 28480 0340-0415
Miscellaneous
line card 28480 see para, 2-21
line cord strain relief 28480 0400-0013
packing carton 28480 9211.2812
tloater pad 4 28480 92X)-7854
fiver pad 2 28480 9220-2853
fuse 0.2A slo-blow 1 313.200 75915 2110-0235
[240Vac operation)
&4
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~ SECTION VII
CIRCUIT DIAGRAMS

71 COMPONENT LOCATION DIAGRAM

7.2 The component location dfngmm lor power supply
Model 6234A is given below. The llustration shows the
physical locations and reference designations of  parts
mounted an the printed circult cord.

7-3 SCHEMATIC DIAGRAM

74 Figure 7-1 Is a schematic disgram of the 6234A. The
test points {circled numbers) shown on the schematic cotres-
pend to those on the component location diagram and in the
roubleshooting procedure in Section V.
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