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MANUAL CHANGES
Model 6002A Extended Range Power Supply
Manual HP P/N 06002-90001
Manual Printing Date 09/76
Change Date 7/1/93

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

| SERIAL | MAKE |
== | CHANGES |
| Prefix | Number |
|---memeee R |
ALL | ----- ERRATA
16364 00111-00160 | 1,2*%,4
16L2a 00161-00200 | 1,2,3,4
16514 00201-00795 1,2,3
18024 02666-02785 1-6
19384 007B6-03875 1-6
20334 03876-0L325 1-7
20Lo9a oL326-0LB2sS 1-8
21134 0L826-05875 1-9
21134 05876-0%925 1-10
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23484 08026-08300 | 1-11,12%
08301-08350 1-12
2h128 08351-08750 1-13
24284 08751-09000 1-1%
24384 09001-09500 1-15
25094 09501-09700 1-16
25254 09701-10840 1-17
27314 10841-11590 1-18
202L4 11591-11650 1-1%
26304 11651-12k415 1-20
33244 12hi6-up 1-21
ERRATA:

On pages A-19 through A-21 of Appendix A,
make the following changes to the Option
001 Parts List. Al00J1: HP-IB connector
{(24-pin} microribkon, Mfr. P/N S57-202L0-2,
Mfr. Code T1785.

On page A-26 of the Appendix, change the
A200U1% isclator circuit on Sheet 3 of the
schematic (Figure A-1%) as follows: Connect
resistor A200R17 (L.12k) beiween VDD and
pin 6 of isalator A200U15.

On page A-27 of the Appendix, change the
range switch circuit on Sheet U4 of the
schematic as follows:

A300VR1: Change to 16.2 V zener diode.
A300R112: Change value to 30.1 k.
A300R13: Change walue to 200 k.

In the =econd sentence of paragraph 3-75H,
change the reference to 0.5 V to read -0.5
V.

In the replaceable parts list, page 6-10,
under Chassis Electrical, change Ul1,2 to HP
P/N 1606-022k.

CHANGE 1:

Two resistor walues have been changed %o
improve the supply's transient response. On
page 6-6 of the parts list and in the con-
stant voltage comparison amplifier on the
Figure T7-9 s=schematic: Change A1R19 to 1.5
k, 5%, 3 W, HP P/N 0811-1805, and change
AlR21 to T.5 k, 1%, 1/8 W, HP PB/N
0757-0kLko,

CHANGE 2:
¥Serial numbers 1636A-00113, 00114,00117,
01227,00132 and 00122 are not affected by
this change.

A capacitor is added to eliminate activa-
tion of the turn-on/turn-off circuit in the
Option 001 HP-IB circuitry due to external
ncise.

On page 6-9 of parts list, under Front
Panel, add capacitor C2,0.1 microfarad 500
V, HP P/N 0160-0269.

On schematic (Figure T7-9), connect C2 be-
tween + and ground freont panel terminals.

ERRATA:
On schematic (Figure 7-9), change reference
designation of power module capacitor from
"Cl" to "C2". In the replaceable parts
list, page 6-8, change AlU1,U2 to IC Op
Amp, HP P/N 1826-0092, and change A1US to
IC Latch, D-Type, CMOS, HP B/N 1820-0958.



Fage 2 - HP P/N 06002-G0001 changes - continued

CHANGE 3:
In Option 001 instruments, four resistors
have been changed in wvalue on the A300
Analog Board Assembly. Make the following
changes to the schematic on page A-27 and
the parts list on pages A-20 and A-21:

Change A300R12 to 13.3 k, 1%, 1/8 W, HP P/N
0757-0289, Change A300R13 to 30.1k, 1%, 1/8
W, HP P/N 0757-0453, Change A300R26 to 11.3
k, 1%, 1/8 W, HP P/N 0698- b4121. Change
A300R27 to 36.5 k, 1%, HP P/H 0757-0455.

CHANGE 4:

This correction to the manual appliesz only
to Option 001 instruments with serial num-
bers 1642A-00200 and earlier. In the parts
list on page A-19 and on the schematic on
page A-28, change capacitors A200CT-C13,
and C€20-C22 to 0.01 microfarad, 25 V, HF
P/N 0160-296L.

ERRATA :
Under Front Panel - Mechanical on page 6-10
of the parts list, add two lamp header as-
semblies, HP P/N 5060-0458, These improve
the mechanical stability of the green LED
mode indicators.

On page 6-6, change the part number of
AlR15 to 2100-1759. The resistor has not
been changed; just its part number has.

ERRATA:
Cn Table A-4, board AZ00, change U21-U26
from HP P/N 1820-1540 to 1820-0958.

CHANGE 5:
Cn page 6-8, A2 Interconnect Board, change
C4 to 15 microfarad, 75 V, HP P/N
0180-2000. On page 6-9, Front Panel
Electrical, change Cl1 to 15 microfarad, 7%
VvV, HP P/N 0180-2000.

ERRATA :
In Figure A-9, Overall Troubleshcoting Flow
Chart on page A-16, change the instruction
box located on the lower rightside of the
chart to read: Check that levelz at Q ocut-
puts of A200021, U22, and U23 are as
follows:

Pin Level
2 1(HI)
10 0(LO)
11 0({LO)

1 1(HT)

In Figure A-10,Digital Circuits
Troubleshooting Flow Chart on page A-17,
change two instruction boxes on right side
of chart under "Data Storage' teo read:

[First Block (Top))

Check that levels at Q outputs of A200021,
U22, and U23 are as follows:

Pin Level
2 1{HI}
10 0{LO)
11 0(LO)
1 1(HI)

[Second Block (Bettom)]

Check that levels at Q ocutputs of A200 UZl,
U22, and UZ3 are as follows:

Pin Level

2 0{L0O)

10 1{HI)

11 1({HI)

1 0({LO)
CHANGE 6:

In the replaceable parts list and on the
schematic, add C3k4, 10pF 300 V mica, HP P/N
0160-2197, to the Al Control Board. C34 is
connected in parallel with R70 in the +5 V
Reference Supply (pin 4 to pin 13 of AlUS).

ERRATA:

On page 6-5, the Mfr. P/N and the HP P/N
for J7 and J8 should be interchanged, Also,
on the same page change AICRIO to HP P/N
1901-0841. On page 6-11, the HP P/N for the
Line Cord supplied in the U.S8. ect. Should
be 8120-1348. On page A-20 change the HP
P/N of A200U15-U17 to 1900-C608,
A200U21-U26 +to 1820-0958. On page A-21
change the description of A300VR1 to 16.2
V On page T-1, the components labeled A2CH
and A2C5 should be A3CW A3CS. On page T-2,
Figure T7-2, the component located betwesen
R93 and R18 should be labeled VR6. On page
A-20 change the descriptions of A300R112 to
30.1 k and A300RL3 to 200k; the HP P/N’s
are correct.



Page 3 - HP P/N 06002-90001 changes - continued

ERRATA {cont.)
Delete paragraph 3-47 in Manual.

In Table 1-1 specifications under REMOTE
VOLTAGE CONTROL and in paragraph 3-Lé
change 50 mV/A +/-10% to read S0mV/A +/-10%
7.5 mV offset.

CHANGE 7T:
In the replaceable parts list on page 6-7,
and on the schematic change R108 to 390 ohm
2 W 5% HP P/N 0811-1764.

CHANGE 8-
In the replaceable parts list page 6-10
change S1 to HP P/N 3101-2L456.

CHANGE §:

Add resistor R11T 162 ohm 1/8 W HP P/K
0757-0405 quantity 1 te the replaceable
parts list and the schematic Figure 7-0.
R117 is located in the overvoltage crowbar
circuit, in series with potentiometer R3.
In the replaceable parts list page 6-10 un-
der Chazsis Electrical, change Bl to ball
bearing fan HP P/N 3160-0369.

CHANGE 10:
In the replaceable parts list, page A-21
under Mechanical, add the following parts:
Cable Assembly HP P/N 8120-3691 qty. 1,
Header Assembly HP P/N 1251-7820 gty. 1.

On page A-22, Figure A-12, change the A100
Input Beard's pad names to their new names.
Also, add four more pads with names to the
board as indicated below in the New Name
column.

(Prior Names) (New Names)

¥y OUT *.-IN BOARD
$__ \i/ LR CC WIPER
*__INBOARD *..CC PULLOUT
. CC WIPER  *----- {-6.2v)
*--cC INPUT ¥--OUT BOARD
LR {-6.2v) B {-8)
*__QUT BOARD #.-CV WIPER
w_____ (-5} L CV PULLOUT
*__CV WIFER *--(+6.2V)
L S CV PULLOUT *----- (-8)
*o_(+6.2V) #--V OUT___
®__oo. (+S) B \1/
/*--N.C.
4 New Pads/ *--N.C.
& Names \ *------- N/

CHANGE 11:

In the replaceable parts list feor the Al
Contrel Board, page 6-5, add C38,10uF, 20
v, HP® P/N 0180-037L4, Qty. 1. On page 6-8
add resister R118, 1K, 1/8W, HP PF/N
0757-0280, qty 1. On the Schematic Diagram,
Figure 7-9, locate the Turn-0ff Control
Circuit. Disconnect R98 from the base of
Q10. Connect R118 one end to the base of
Q10 and the other end connect to the dis-
connected RO8. Next connect C38 (negative)
to the emitter of Ql0.

CEANGE 12:

In +the replaceable parts 1list, page
A-21,delete Cable Assembly HP P/N 8120-3601
and Header Assembly HP P/N 1251-T820
previcusly added in change 10 and add in
there place 16 conductor flat cable,HP P/N
8120-4Lk66, qty 1. This cable connects the
Input Board to the Digital Board.

* This change also applies to units with
the following prefix-serial numbers;
23L8a-08251 through 23L8A-08300.

ERRATA:
On page A-16, Figure A-9, near the center
of the page, change the box <that says
"CHECK U28-13 TF TO A300 BOARD" to "CHECK
TP ON A300 BOARD WHICH REFERENCE U28-13 ON
A200 BOARD".

On page 5-1b paragraph 5-88, change step b.
to read: Program externally using either
1000 ohm or 500mV and turn on the supply.

(n the same page, paragraph 5-89, change
step ¢. to read: Program externally using
1.25mV or 2.5 ohms and adjust AlR6é for 25mA
indication. Change in step d."Adjust AlR6
for 0+/-50Vde" +to "Adjust AIR6 for O
+50uvde” .

ERRATA

In the specifications table 1-1, page 1-3,
OVERVOLTAGE PROTECTICN should read "Trip
Voltage adjustable from 3.5V to 60V." Page
1-1 paragrarh 1-5 second sentence should
read "adjusted between 3.5 and 60V." Page
3-3, paragraph 3-5, second sentence should
read "unit is from 3.5 to 60V."



Page 4 - HP P/N 06002-90001 changes - continued

ERRATA (cont.)
On page 3-5, under paragraph heading Remote
Programming, insert the following warning

WARNING

When the power supply is remote programmed
with a voltage source, the programming
voltage can appear at the output terminals
when the AC input power is turned off. Do
not contact the output terminals. The front
panel meters will not indicate the presence
of this wvoltage.

CHANGE 13:
In the 1replaceable parts list ©page
6-10,under A2 Interconnect Board

Mechanical, change Heat dissipator TO0-3
(Q1,CR11) to HP P/N 1205-0561.

CHANGE 1h:
In the replaceable parts list, page 6-11,
under Chassis Mechanical change cover- per-
forated, top/side 1/2 module to HP P/N
06002-0001Y,

CHANGE 15:
In the replaceable parts list, page 6-10
under Front Panel-Electrical, delete front
panel, HP P/N 06002-00002, front panel
trim, HP P/N 06002-00001, and retainer,
push-on, HP P/N 0510-1157. In their place
add, dress panel front, HP P/N 06002-00012,
T@ 1, and sub panel front, HP P/N
06002-00013, TQ 1. On page 6-9, under Front
Panel Eleectrical, delete LINE indicator
light, HP P/N 1450-0566, TQ 1, and change
switch DPST toggle LINE to HP P/N 3101-0402
and front panel cable assembly +to HP P/N
06002-60005. On page 6-9, under A3 Input
Board, change CW,5 to 12000uf 100Vde, HP
P/N 01B0-3578, TQ 2.

In gection III replace Figure 3-1 with the
drawing below, In parapgraph 3-2 change step
c. to read; Set LINE switch 1 to ON posi-
tion, {see illustration on front panel).

®
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ERRATA:
In the replaceable parts list, page 6-10,
under A2 Interconnsct Beard, change fter-
minal block jumpers to HP P/N 0360-2187T.

CHANGE 16:
In the replaceable parts list, page 6-11,
under Chassis Mechanical change Front

frame, 1/2 module to HP P/N 5021-5817, Rear
frame, 1/2 module to EP P/N 5021- 5818
Corner strus, 17" to HP P/N 5021-5836,
Cover-perforated, bottom 1/2 module to HP
P/N 5061-9573, Front cap, strap handle to
HP P/N 5041-6819 and Rear cap, strap handle
to HP P/N 50h41-6820.

On page 1-1 under ACCESSORIES change Two
Front Handles to HP P/N 5061-9690, Lock
Link to HP P/N 5061-9694, Rack Mounting Kit
for one half module to HP P/N 5061-9660,
Rack Mounting Kit for two half module units
to HP P/N S5061-9678, Suppert Shelf to HP
P/N 5061-9698 and Front Filler Panel to HP
P/N 5061-9T727.

On page 5-12 add the following CAUTION af-
ter paragraph 5-65 Repair and Replacement

CAUTICON
Most of the attaching hardware in
this unit is non-metric (sometimes
called English or inch}. The only
metric fittings are listed below.

a. Btrap handle screws, Qty. 2

b. Strap handle nut, Qty. 1

¢. Screws attaching side struts
to front and rear chassis,
Qty. 16

CHANGE 17:
In the parts list on page 6-7 and on the
gchematic Figure T7-9 chanpge resistor AIRTS
to 261K 1/8 W, HP P/N 0698-3455. Alszo, on
the schematic change the frequency of the
clock (ref.AlU3) to YKhz. On page T-4
change the following wave forms in figure

T-8:
TP2-TPY4 change LTus to 102us.

A3Q1/Q2 Base to Emitter change NWSus to
100us.

A3G1/Q2 Collector to Emitter change 4Tus to
102us

In the parts list, page 6-9, under Al
Heatsink Board (Top) and AS Heatsink Board
(Bottom) change Q1-3 to HP P/N 185k4-1070.



Page 5 - HP P/N 06002-90001 changes - continued

CHANGE 18:
In the replaceable parts list for option
001, A300 Analog Board Assembly, page A-20
delete (6,7,13 HP P/N 0150-0121, C8,9 HP
P/N 0160-3068, and U3 HP P/N 1826-01k40. Add4
the following parts to the Analog Board
Assembly page A-20:

Q8, PNP transistor HP P/W 1853-0234, TQ 1
Q9, NPN transistor HP P/N 185L4-0456, TQ 1
R31,32, L7 obhm 1/4W, HP P/N 0683-4705, TQ2
R33,34%, 10 ohm 1/8W, HP P/K 0757-0346, TQ2
¢6.7,13 0.1uf, 50V, HP P/N 0160-4835, TQ3
Cc8,9, 1800pf, HP 0160-4820, TQ 2

U3, IC +/-15V reg. HP P/N 1826-0128, TQ 1

A11 parts mentioned in this change ({with
exception of Cl3) either changed or deleted
are located in the +/-15V Regulated Supply
Circuit on page A-23, Figure A. A300 Board.
Capacitor C13 is located in the P/0 +5V
Reg. Supply.

On page A-28, Figure A-15 (sheet 5). Cption

001, Power Distribution change the +/-15V
Regulated Supply to appear as follows:

P/0 A4 POWER MODULE

F/0 A4 POWER MODULE

ERRATA:

In the replaceable parts list, change the
part number for CR13 on the 06002-60021 as-
sembly from HP P/N 1884-0058 to HP P/N
1884-0219,

FOR OPTION 001 UNITS: Change the part num-
ber for IC Regulator from HP P/N 1826-01hh
to HP P/N 1826-0122 (qty 1)

Change the part number for Connector, con-
tact - male, from HP P/N 1251-0646 +o HP
P/N 0360-1h08. (qty 21).

Change the part number for Meter Bezels
from HP P/N 40LOD- 0906 to HP P/N h40L0-0297
(qty 2)
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e R I
SAFETY GNO
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PUSHING BOARD FIRMLY INTO POWER

MQOULE SLOT.



Page 6 - HP P/N 06002-90001 changes - continued

CHANGE 19:

In the replaceable parts list and on the
schematic, change R3 and R4 from 0.4 ohms,
5%, 20W, Center Tapped HP P/N 0811-1817 to
0.1 ohm, 5%, 20W, HP P/N 0811-3823 (qty 2)

CHANGE 20:

In the replaceable parts list, change the
following parts:

Front Panel from HP P/N 06002-00012 to
HP P/N 06002-00015 (gty 1)

Cover-Top from HP B/¥ 06002-00014 to
HP P/N 06002-00016 (qty 1)

Cover-Bottom from HP P/N 5061-9573 to
HP P/N 5062-3873 (gty 1)}

Frame Front from HP P/N 5021-5B17 to
HP P/N 5021-8417 (gty 1)

Feet from HP P/N 50L0-7201 to
HP P/K 50L41-8801 {qty 4)

Strap Handle Assy from HP P/N 5060-9803 to
HP P/N 5062-3703 (qty 1)

End Cap from HP P/N 5041-6819 to
HP P/N 5041-8819 (qty 1)
End Cap from HP F/N 5041-6820 to
HP P/N 50L1-8820 (gty 1)
Trim Tap from HP P/N 5040-7203 +to
HP P/N 5041-8B03 (qty 1)
Trim sides from HP P/N 5001-0L40 to
HP P/N 5001-0540 (gqty 2)
Option 800 from HP P/N 5061-007T7 to
{rack kit) HP P/N 5062-3978 {gty 1)
Option 908 from HP P/N %061-9660 to
{rack kit) HP P/N S062-3960 (gty 1)
CHANGE 21:

In the parts list on page 6-6 change Q8, and
on page 6-8 change Q2 from HP p/n 185L4-0L48
to 2N3019, HP p/n 1854-0263.



PERFORMANCE TEST RECORD
HP Model 6002A Power Supply

Date Temp. ___ deg. C. Humidity _ % Pre-cal___ Postcal
Serial No. Call #
Performed By: Customer |D (optional);
TEST Specification Measurement Actual
Uncertainty

Rated Output Voltage >50V 717.5uv

CV Load Effect | emv 35uv

CV Source Effect gmv 35uv

CV Noise {PARD)

Peak to Peak 10mv 788UV
RMS Tmv 150uV
Transient Recavery in  100us 18mv Imv
Rated Output Current (Min) >10A 3.1mA
CC Load Effect 2mA 4uA
CC Source Effect 2mA 4uA
CC Noise (RMS) 5mA 502.5UA

mv

mv

my

mv

mv

mA

mA

mA

Test Equipment required for calibration of this unit:

Oscilloscope HP54111D Valtmeter HP3458A
AC Voltmeter HP3400B Current Shunt Guildline 9230/15

Page 1 of 1 rev. 9 Aug., 1999



SAFETY SUMMARY

The following genersl safety precautions must be observed during all phases of operation, service, and repair of this instru-
ment, Failure to comply with these precautions or with specific warnings sisewhere in this manual violates safety standards
of design, manufacture, and intendad use of the instrument. Hewlett-Packerd Company assumes no ligbility for the

customer's failure t0 comply with these requirements.

BEFORE APPLYING POWER.

Verify that the product is set to match the availabie line
voltage and the correct fuse is installed.

GROUND THE INSTRUMENT.

This product is a Safety Class 1 instrument (provided with a
protective garth tarminal). To minimize shock hazard, the in-
strument chassis and cabinet must be connected to an elec-
trical ground. The instrument must be connected to the ac
power supply mains through a three-conductor power cable,
with the third wire firmly connected to an electrical ground
(safety ground) at the power outlet. For instruments designed
to be hard-wired to the ac power lines (supply mains}, connect
the protective earth terminal to a protective conductor before
any other connection is mada. Any interruption of the protec-
tive {grounding} conducter or disconnection of the protective
earth terminal will cause a potential shock hazard that could
result in personal injury. if the instrument is to be energized via
an external autotransformer for voltage reduction, be certain
that the autotransformer common terminal is connected to the
neutral {earthed pole} of the ac power lines (supply mains).

INPUT POWER MUST BE SWITCH
CONNECTED.

For instruments without a built-in line switch, the input power
iines must contain a switch or another adequate means for
disconnecting the instrument from the ac power lines {supply
mains).

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE.

Do not aperate the instrumant in the prasence of flammable
gases or fumes.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers.
Component raplacement and internal adjustments must be
made by qualified service personnel. Do not replace com-
ponents with power cable connected. Under certain condi-
tions, dangerous voltages may exist aven with the power cable
removed. To &void injuries, always disconnect power,
discharge circuits and remove external voltage sources before
touching components.

DO NOT SERVICE OR ADJUST ALONE.
Do not attempt internal service or adjustment unless another
person, capable of rendering first aid and resuscitation, is
present.

DO NOT EXCEED INPUT RATINGS.

This instrument may be equipped with a line filter to reduce
eleclromagnetii: interference and must be connected 1o a pro-
perly grounded receptacla to minimize alectric shock hazard.
Operation at line voltages or frequencies in excess of those
stated on the data plate may cause leakage currents in excess
of 5.0 mA peak.

SAFETY SYMBOLS.
Instruction manual symbol: the product
A will be marked with this symbol when it
is necessary for the user to refer to the
instruction manual (refer to Table of
Contents).

; Indicates hazardous voltages.

@ or wbe Indicate sarth (ground} terminal.

The WARNING sign denotes a hazard, It

WARNI NG] calls attention to a procedure, practice,
. or tha like, which, if not correctly per-
formed or adhered to, could result in
personal injury. Do not proceed beyond
a WARNING sign until the indicated
conditions are fully understood and met.

The CAUTION sign denotes a hazard. It
calls attention 10 an operating pro-
cedure, or the like, which, if not correct-
ly performed or adhered to, could result
in damage to or destruction of part or all
of the product. Do not proceed beyond
a CAUTION sign until the indicated con-
ditions are fully understood and met.

CAUTION

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMENT.

Becausa of the danger of introducing additional hazards, do
not install substitute parts or perform any unauthorized
modification to the instrument, Return the instrument to a
Hewiett-Packard Sales and Service Office for service and
repair to ensure that safety features are maintained.

Instruments which appear damaged or defective should be made inoperative and secured against unintended operation until

they can be repaired by qualified service personnel,
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SECTION |
GENERAL INFORMATION

11 DESCRIPTION

1-2 This laboratory type power supply employs a
unigue extended range technique which allows the supply
to furnish maximum output power over a wide range of
output voltage and current combinations, The supply can
provide a full 200 Watts of autput from 20V, 10A to 50V,
4A. The output is completely adjustable through the entire
operating range of 0 to 50 volts and 0 to 10 amps by front
panel voltage and current contrals.

1-3 The supply is of the Constant Voltage/Constant
Current {CV/CC) type and provides laboratory grade per-
formance. I1is fan cooled and packaged in a System 11
modular enclosure which is sturdy, attractive, and easily
accessible for servicing.

14 Output voltage and current are continuously in-
dicated on individual front panel meters. Four LED indica-
tors on the front panel provide a convenient means of mon-
itoring the operating status of the supply. They inform the
user whether the supply is in the constant voltage or con-
stant current mode; or whether the supply is in an overrange
{operating beyond the 200 Watt boundaries) or ove rvoltage
protection condition.

1-5 The overvoltage protection crowbar circuit protects
the users load by quickly and automatically shorting the
output terminals if a preset trip voltage is exceeded, A
screwdriver control on the front panei sets the overvoltage
trip point and can be adjusted between 2.5V and 60V. [f
several of these supplies are installed in the same system
their crowbar circuits can be ‘'slaved™ together so that all
supplies will crowbar if any one of them does,

1-6 Either the positive or negative output terminal
of the supply may be grounded or the output may be
floated at up to 150 volts above ground.

1-7 Remote programming, remote sensing, and several
methads of operating supplies in combination of twe or three
are made possible by rear panel terminals that-allow access

to control points within the regulator circuits. These capa-
bilities are described in Section |1,

1-8 SPECIFICATIONS

1-9 Detailed specifications for this power supply are
given in Table 1-1.

141

110  OPTIONS

1-11 Options are factory modifications of a standard
instrument that are requested by the customer. One Option
is available for this instrument as indicated below. Detailed
coverage of this Option is presented in Appendix A.

OPTION NQ. DESCRIPTION
001 HP-18 (nterface: Allows the supply to

be digitally controlled via the HP-18 from
a calculator, computer, or other controller.
This modification invalves the changing

of internal PC board jumpers and the
addition of three PC boards, two switches
and an HP-1B connector. Either the out-
put voltage or current can be programmed
by the MP-1B controller

1-12 ACCESSORIES

1-13 The System-1| cabinet accessaries listed below
may be ordered with the power supply or separately from
vour local Hewlett-Packard field sales office (refer to list at
rear of manual for addresses). All accessories appiicable to
System-11 modular cabinets are fully described and ilus-
trated in the Hewlett-Packard catalog.

HP Part No. Description

5061-0090 Two front handles that attach to each side
of 7" high cabinets.

5061-0094 Kit of leck tink hardware for joining
together cabinets of equal depth. Units can
be joined side-by-side or vertically. This kit
is required whenever two {or more} sub-
module units are to be rack mounted sice-
by-side.

1460-1346  Tilt stand snaps into standard foot supplieq
with instrument — must be used in pairs,

5061-0060  Rack mounting kit for one half module
width unit, 7-inches high. Includes one rack
flange (ear} and one half module width
extention panel {adapter).

5061-0078  Rack mounting kit for two half module units,



7" high. Kit includes two rack flanges {ears}.

Also, lock-together kit {5061-0094) is required

for joining the two supplies together. The
cabinets must also be of equal depth {17°).
5061-0065  Rack mounting kit for two units (one half
module width and one guarter module width}.
Kit includes one rack flange and one quarter
width extension adapter. Lock-together Kit
{5061-0094} is required for joining the two
supplies.
5061-0098  Support shelf for mounting one or more 7"
high units which are half module or gquarter
module width. Cabinet depths need not be
equal.
5061-2027 Front filler panel (half module width) for
7" high support shelf.
1494-0015  Slide kit for suppart shelves mounted in
HP rack enciosures.
1-14 INSTRUMENT AND MANUAL
IDENTIFICATION

115 Hewlett-Packard power supplies are identified by

a two part serial number. The first part is the serial number
prefix, a number-letier 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 = 1971,
etc.), the second twa digits indicate the week, and the letter
" A" designates the U, 8. A, as the country of manufacture.
The second part is the power supply serial number; a differ-
ent sequential number is assigned to each power supply,
starting with 00101,

1-16  If the serial number on your instrument does nat
agree with those on the title page of the manual, Change
Sheets supplied with the manual of Manual Backdating
Changes define the difference between your instrument
and the instrument described by this manual.

117 ORDERING ADDITIONAL MANUALS

1-18 One manual is shipped with each power supply.
Additional manuals may he purchased from your lecal
Hewdett-Packard field office (see the list at the rear of this
manual for addresses). Specify the model number, serial
number prefix, and the HP Part Number provided on the
title page.

Table 1-1. Specifications, Model 6002A

INPUT POWER:

Unit has ac power module which is settable to:
100/120/220/240Vac {—13%, +6%}, 48-63Hz. A 3-wire
detachabte line cord is suppliad.

DC OUTPUT:
Adjustable from 0-50V and 0-10A. Maximum output
power is 200W from 20-6QV.

LOAD EFFECT {LOAD REGULATIONI:

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

Constant Current — Less than 0.01% of output plus TmA
for a load change equal to the maximum voltage rating of
the supply.

SOURCE EFFECT (LINE REGULATION):

Constant Voltage — Less than 0.01% of output plus 1mV
for any line voltage change within rating.

Constant Current — Less than 0.01% of output plus 1mA
for any line valtage change within rating,

PARD (Ripple and Noise):

Constant Voltage — Less than 1mV rms and 10mV pp
{20Hz to 20MHz}).

Constant Current — Less than SmA rms.

TEMPERATURE COEFFICIENT:

Constant_Voltage — Less than 0.02% plus 200uV change
in output per degree Celsius change in ambient following
a 30-minute warmup.

Constant Current — Less than 0.02% plus 5mA change
in output per degree Celsius change in amhient following
a 30-minute warmup.

DRIFT (STABILITY):

(Change in output aver an B-hour interval under constant
line, load, and ambient temperature fallowing a 30-minute
warmup},

Constant Voltage — Less than 0.05% of output plus 1TmV.

Constant Current — Less than 0.05% af output plus SmA.

LOAD TRANSIENT RECOVERY TIME:

Less than 100usec is required for output voltage
recovery {in constant voltage operation} to within 15mV
of the nominal output following a change in output current
from 50% to 100% or 100% to 50% of maximum current
rating.

REMOTE RESISTANCE CONTROL:
CV:1KQ/v £7% CC: 10082/A7%

REMOTE VOLTAGE CONTROL:
CV: 1V/V £20mV (—50mV offset} CC: 50mV/A £10%

1-2




Table 1-1. Specifications, Model 60024 (continued}

RESPONSE TIME:
Maximum time for output vottage to change between
0 to 99.9% or 100% to 0.1% of maximum rated output
voltage.
up: No Load — 100msec
Full Load — 100msec
DOWN: No Load — 400msec
Full Load — 200msec

OVERVOLTAGE PROTECTION:

Trip voltage adjustable from 2.5V to 60V. Minimum
setting above output voitage to avoid false tripping is 1
volt.

DC OUTPUT ISOLATION:
160Vdc

TEMPERATURE RATINGS:

Operating: 0 to 55°C Storage: —40 to +75°C

RESOLUTION:

{Minimum output voltage or current change that can
be obtained using the front panel controis.)

CV: 10mV  CC: 10mA

QUTPUT IMPEDANCE:
Typicat value is 0.5m&l in series with 1uH.

OPTIONS:
001 HP-IB Interface — specifications listed in
Appendix A,

DIMENSIONS:
{See Figure 2-1}

WEIGHT:
Naet: 14.5kg. (32 It} Shipping: 15.9kg. {35 Ib)




SECTION I
INSTALLATION

21 INITIAL INSPECTION

2-2 Befare shipment, this instrument was inspected
and found to be free of mechanical and electrical defects.
As soon as the instrument is unpacked, inspect for any
damage thay may have occurred in transit. Save all packing
materials until the inspection is completed. If damage is
found, file claim with carrier immediately. The Hewlett-
Packard Sales and Service office should be notified as soon
as possible.

2-3 Mechanical Check

24 This check should confirm that there are no bro-
ken knobs or connectors, that the cabinet and panel surfaces
are free of dents and scratches, and that the meters are not
scratched or cracked.

25 Electrical Check

26 Section V of this manual contains complete
verification procedures for this unit, Section l1! cantains
an abbreviated check which can be used to quickly place
the unit into operation. Refer to the inside front cover of
the manual for the Certification and Warranty statements.

27 REPACKAGING FOR SHIPMENT

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

29 INSTALLATION DATA

2-10 The instrument is shipped ready for bench opera-
tion. Befare applying power to the instrument, read
paragraph 2-18.

2-11  Location and Cooling

212 This instrument is fan cooled and must be installed

with sufficient space for cooling air flow between the sides
and rear of the unit. It should be used in an area where
the ambient temperature does not exceed 55°C.

2-13  Outline Diagram

214 Figure 2-1 itlustrates the outline shape and dimen-
sions of this cabinet.

2-15 Rack Mounting

2-16 This supply can be rack mounted in a standard
19-inch rack panel either by itself or alongside another
hatf {or quarter) System-|| module of equal height and
depth. All rack mounting accessories for this unit are
listed in paragraph 1-12. Also, complete instailation
instructions are included with each rack mounting kit.

2-17  Input Power Requirements and Line
Voltage Conversion

2-18 This supply may be operated continuously from

a nominal 100V, 120V, 220V, or 240V {48-63Hz} power
source, A printed circuit board located within the ac power
module on the rear panel must be positioned to match the
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power source. Voltage choices are available on both sides
of the PC board. Before connecting the instrument to the
power source, check that the PC board position matches
the naminal line voltage of the source. The cperating
voltage that is selected is the one printed on the lower-left
side of the PC board. As shipped from the factory, the PC
board in this supply is positioned for 120Vac operation.
To select another input voltage proceed as follows:

a. Remove power cable from instrument.

b. Siide down plastic door on power module.

¢. Push FUSE PULL down and remove line fuse
F1 {Figure 2-2).

d. Remove PC board from siot by inserting pointed
object into hole in PC board and gently pulling outward.
Select operating voltage by orienting PC board to position
the desired voltage on lower-left side of PC board. Push
board firmiy back into slot.

e, Push FUSE PULL up into normal position and
re-insert fuse F1 in holder using caution to select the cor-
rect value for F1 {BA for 100V or 120V and 4A for 220V
or 240V},

f. Close plastic door and connect power cable.

219 When the instrument |eaves the factory, the A
fuse is installed for 120V operation. An envelope contain-
ing a 4A fuse for 220V/240V operation [s attached to the
instrument. Make sure that the correct fuse value for F1
is instatled if the position of the PC board is changed.

2-20 The input voltage range and input current required
for each of the four nominal input voltages associated with
this unit are listed below. The maximum input power
required for any of the four inputs is 480 Watts.

Nominal Input Maximum Maximum
Voltage Input Range Input Current
100Vac 87-106Vac 6.6A
120Vac 104—127Vac 8.6A
220Vac 191-233Vac 3.0A
240Vac 208-250Vac 2.8A

2-21 Power Cable

2-22 This unit is factory equipped with a power cord
plug that is the most appropriate for the user’s location.
The replaceable parts section af this manual lists all of the
power cords associated with this unit. [f a different power
cord is desired, contact your nearest HP Sales Office.

2-23 To protect operating personnel, the National
Electrical Manufacturers Association {(NEMA) recommends
that the instrument panel and cabinet be grounded. This
instrument is equipped with a three conductor power cable.
The third conductor is the ground conduetor and when the
cable is plugged into an appropriate receptacle, the instru-
ment is grounded. The offset pin on the power cable three-
prong connector is the ground connection, In no event
shall this instrument be operated without an adequate
cabinet ground connection,

2-24 To preserve the protection feature when operating
the instrument from a two-contact outiet, use a three-prong
to two-prong adapter {if permitted by local regulations} and
connact the green lead on the adapter to ground.

VvOLTAGE SELECT
P.C. BOARD

Figure 2-2. Line Voltage Conversion



SECTION 1t
OPERATING INSTRUCTIONS

31 TURN-ON CHECKOUT PROCEDURE

3-2 The following checkout procedure describes the
use of the front panel controls and indicators {see Figure
3-1) and ensures that the supply is operational. Either this
check or the detailed performance tests of paragraph 5-5
should be performed when the unit is first received. !f the
supply fails to perform properly, proceed to the trouble-
shooting procedures in Section V.

a. Ensure that rear terminal board straps are connected
as shown in Figure 3-2, but do not connect load. Ensure
that ac power module board matches line voitage to be
used as outiined in Section IV, If unit is equipped with
HP-IB interface {Option 001) ensure that rear panel switch
is set to LOCAL before proceeding.

b. Ensure that CURRENT contral @ is rotated
clockwise at least two turns and OVERVOLTAGE poten-
tiometer is futly clockwise.

¢. Set LINE switch @ to ON and observe that pilat
lamp @ lights and fan goes on,

d. Turn VOLTAGE control through output volt-
age span of unit as indicated on voltmeter @ . VOLT-
AGE MODE light (3) should be lit throughout procedure
indicating that supply is in constant voltage mode.

e. Check out overvoltage circuit by turning OVER-

voLTAIE el -bE CURRENT

o+ ons

6 © 0d 0O

VOLTAGE control @ [screwdriver adjust) counter-

clockwise until unit crowbars, Voltage should drop to

near zero and QVERVOLTAGE and OVERRANGE
@ indicators should light.

f. Reset crowbar circuit by returning OVERVOLTAGE
control to maximum clockwise position and turning supply
off and then back on. Qutput voltage should return to
value set in step d.

g. To check constant current circuit, first turn off supply
and connect short across + and — output terminals {front
or rear), Ensure that VOLTAGE control is rotated at least
two turns clockwise.

h. Next, turn supply back on and rotate CURRENT
control @ through output current span as indicated on
ammeter (6) . CURRENT MODE light @ should be
an throughout this procedure.

i. Turn off supply, remove short from output, and read
remainder of operating instructions before connecting actual
load to supply.

3-3 OPERATING MODES

34 This power supply is designed so that its mode of
operation can be selected by making strapping connections
between terminals on its rear panel. The following para-
graphs first describe normal operation using the normai
strapping pattern as it is connected at the factory. Later
paragraphs cover some optional operating modes including
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Figure 3-1. Front Panel Controls and Indicators

341

Figure 3-2. Normal Strapping



methods of operating these power supplies in combinations
of two or three. More theoretical descriptions regarding
the operational features of power supplies in general are
given in the DC Power Supply Handbook, Application
Note 90A [(available at no charge from your local HP Sales
Office).
35 NORMAL OPERATING MODE

36 This power supply was shipped with the proper rear
panel strapping connections made far constant-voltage/
constant-current operation with local sensing and local pro-
gramming. This strapping pattern is illustrates in Figure 3-2.
By means of the front panel voltage and currant controls,
the operator selects either a constant-voltage or a constant-
current output as described |ater, in paragraphs 3-10 or 3-12.
Whether the supply functions in the constant-voltage or
constant-current mode depends on the settings of the
VOLTAGE and CURRENT controls and on the value of the
load resistance. Figure 3-3 shows the overall characteristic
of this supply together with the sample operating locus that
is established with voltage and current settings of 40V and
BA respectively, For values of load resistance greater than
the sample crossover value of B ochms, the supply operates

in the constant-voitage mode. With a load resistance smaller
than the crossover value, it operates in the constant-current
mode, The transition occurs automatically; no switches
need to be operated or connections changed. The front
panel MODE lights indicate which mode the supply is in.

A rectangular operating locus similar to that shown in

Figure 3-3 will be established for all voltage and current
settings within the 200 Watt output boundaries. However,
it the operator sets the voltage or current controls so that
the 200 Watt limit can be exceeded, the supply will go into
overrange if the load resistance exceeds the 200 Watt value
{refer to next paragraph).

3-7 Ovarrange. This supply will be driven into over-
range (shaded area of Figure 3-3) if the voltage and current
centrols are set above the 200W rating and the load resis-
tance exceeds a 200W critical vatue. For example, assume
that the operator sets the VOLTAGE control at 40V and
the CURRENT cantrol to 10A (Figure 3-3). For all load
resistances above 8 ohms (which is the 200 Watt critical
value) the supply would operate normatly in the constant
voitage mode. If the load resistance were to fall much
below B ohms, however, the supply would be forced into
overrange. |f the load resistance continued to decrease to
8 2 ohm value, the supply would automatically come out
of overrange and into the constant current mode at the 104
20V point. {The supply will probably go out of regulation
while operating in the overrange region, refer to paragraph
3-9).

38 The OVERRANGE indicator on the frant panel

32

sov e acrants el
CONSTANT VOLTAGE X7 :
OPERAT iNG REGION Z
AN ———— = -
{Eg) j
T (R »Rel
Eour Ro=8i
(RL*Rc})
20v
5A 8 104
(1g)
lout —e

Eg= YOLTAGE CONTROL SETTING
[ g = CURRENT CONTRCL SETTING

E
Rc‘I—: «CROSSOVER VALUE OF LOAD RESISTANGE

Figure 3-3. Overall Output Characteristic
With Sample Operating Locus

will light any time that the supply overranges. This indicator
also lights if the overveltage crowber fires even though the
output is reduced to near zero at this time.

39 Note that the supply can operate in the overrange
region (beyond the 200 Watt limits) for sustained periads
without being damaged, However, the supply is not guaran-
teed to meet specifications in overrange. Qutput ripple
increases substantially and regulation is seriously degraded.
As an operator aid, the maximum available load current for
each constant voltage setting is indicated on a secondary
scale of the voltmeter. Similarly, the maximum available
load valtage for each current setting is indicated on the
ammeter,

NOTE

Under certain conditions of line and ioad, it is
possible for this supply to provide more than

the 200 Watt rating and still maintain regulation.
If this occurs, the unit wilf aperate normally and
the QVERRANGE indicator will be off. However,
the slightest change in either one of the above
factors may cause the unit to go out of regulation
and it is definitely not recommended to inten-
tionally attempt operation beyond the 200 Watt
rating of the unit.

3-10  Constant Voltage Operation

3N To adjust the supply for constant voltage operation:

a. Turn on supply and, with output tarminals open,



adjust the VOLTAGE control for the desired output voltage,

Then turn power off.

b. Connect a short across the front or rear panel
output terminals, restore power, and adjust the CURRENT
control for the desired maximum output current. Then
remove the short. 1f aload change causes this current limit
to be exceeded, the supply automaticatly crosses over to
constant current operation at this preset current limit and
the output voltage drops proportionately. In setting the
current limit, make an adequate allowance foar high peak
currents that could cause unwanted crossover.

3-12 Constant Current Operation

313
a. Connect a short across the front or rear output
terminals, turn the power on, and adjust the CURRENT
control for the desired output current,
b. Open the cutput terminals and adjust the

To adjust the supply for constant current operation:

VOLTAGE control for the desired maximum output voltage.

If & load change causes this voltage limit to be exceeded,
the supply automatically crosses over to constant voltage
operation at this preset voltage limit and the output current
drops proportionately. In setting the voltage limit, make an
adequate allowance for high peak voltages that could cause
unwanted crossover.

3-14 Overvoltage Protection

318 Adjustment. The crowbar trip voltage is adjusted
by using the screwdriver contral on the front panel. The
approximate trip voltage range for this unit is from 2.5V to
60V. When the crowbar trips, an SCR shorts the output and
the OVERVOLTAGE indicator on the front panel lights.
Rotating the cantrol clockwise sets the trip voltage higher.
{1t is set to maximum at the factory.}

3-16 When adjusting the crowbar trip point, the possi-
bility of false tripping must be considered. If the trip volt-
age is set too close to the supply’s operating voltage, a tran-
sient in the output would falsely trip the crowbar. For
this reason it is recommended that the crowbar be set higher
than the output valtage by at least one volt, To adjust the
crowbar trip voltage, proceed as follows:

a. With OVERVOLTAGE patentiometer fully CW,
turn on supply; no load connected.

b. Set output VOLTAGE control to desired trip
voltage.

¢. Turn OVERVOLTAGE pot CCW until crowbar
fires; red indicator lights and voltage falls to zero.

d. Turn off supply and turn down output voltage,

€. Turn supply back on and set desired output
voltage.

317 Resetting the Crowbar. |f the crowbar trips during

33

normal operation, the ac LINE switch must be turned off
and than back on to reset the circuit. 1 the crowbar 1rips
continuously check the load and/or the trip point setting.
If the supply does not operate properly after the crowbar
is reset, proceed to troubleshooting in Section V.

318 System Crowbar Connections. The crowbar circuit
contains an extra winding which is cennected across termi-
nals A13 and h on the rear terminal board. These terminais
provide a pulse output if the overvoltage circuit trips ar;
conversely, can receive an external input pulse which can he
used to trip the circuit. The correct polarity must be ob-
served in the external circuit with the A13 terminal being
positive, 1f the terminals will be used for input tripping,
the external pulse must have the following characteristics:

Input trip pulse:

Amplitude: 5 — 10 Volts

Width: 2 — Susec

Source Impedance: 292 {maximum)
If the terminals are used to provide an output pulse for a
status indication, the output pulse has the following charac-
teristics:

Qutput pulse:

Amplitude: 4 — 12 Volts

Width: 2 — 7usec

Load Impedance: 1082 {minimum}

319 Because one of the system crowbar terminals is
tied to chassis ground, the user should take precautions
against circulating ground currents which could cause false
tripping of the crowbar or make external tripping difficult,
To help avoid ground loop problems, always run a separate
ground terminal wire between the supply and the external
source and maintain the above impedances.

3-20 CONNECTING THE LOAD

3-21 To satisfy the requirements of safety, the wires to
the load should be at |east heavy encugh not to overheat
while carrying the power supply current that would flow if
the load were shorted. Generally, heavier wire than this is
required to obtain good regulation at the load. If the load
regulation is critical, use remate voltage sensing. (Refer to
paragraph 3-27.}

3-22 If multiple loads are connected to one supply, each
load should be connected to the supply's output terminals
using separate pairs of connecting wires. This minimizes
mutual coupling effects between loads and takes full advan-
tage of the supply’s low output impedance. Each pair of
connecting wires should be as short as possible and twisted
or shielded to reduce noice pickup.

3-23 If load considerations require the use of output
distribution terminals that are located remotely from the



supply, then the power supply output terminals should be
connected to the remote distribution terminals by a pair

of twisted or shielded wires and each load should be separa-
tely connected to the remote distribution terminals. Remote
voltage sensing would be required under these circum-
stances (paragraph 3-27).

324 Either positive or negative voltages can be obtained
from this supply by grounding one of the cutput terminals
or one end of the load. Always use two wires 10 connect
the load to the supply regardless of where or how the sys-
tem is grounded. Never ground the system at more than
one point. This supply can be operated up to 150 volts
above ground if neither output terminal is grounded.

3-26 OPTIONAL OPERATING MODES

326 The optional operating modes discussed in the
following paragraphs include: remote voltage sensing,
remote programming, auto-parallel operation, auto-series
operation, and auto-tracking operation. By changing its
rear panel strapping pattern according to the instructions
which follow, any of the supplies covered by this manual
can be operated in any of the modes listed above.

—— CAUTION———

Disconnect input ac power before changing any
rear panel connections and make certain all wires
and straps are properly connected and terminal
strip screws are securely tightened before reapply-
ing power.
3-27 Remote Voltage Sensing
3-28 Because of the unavoidabie voltage drop developed
in the load leads, the normal strapping pattern shown in
Figure 3-2 will not provide the best possible voltage regula-
tion at the load. The remote sensing connections shown in
Figure 3-4 imprave the voltage reguiation at the load by
monitoring the voltage there instead of at the supply's
output terminals. {The advantages of remote sensing apply
only during canstant valtage operation.) The following
paragraphs discuss some precautions that should be observed
when making a remote sensing installation.

3-29 The load leads should be of the heaviest practicable
wire gauge, at |least heavy enough to limit the voltage drop
in each lead to 0.5 volt. This limitation is mainly dictated
by the protection diode connected between the —S and

— output terminal. This diode will conduct if it is forward
biased by more than 0.5 volts. Note that the transisent

recovery time of the supply may be slower than the specified
value of 100usec if remote sensing is used. 1f this is a factor
in your application, check the transient recovery time (see
Section V) using the actual Jead lengths that will be used in

34
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Figure 3-4. Remote Sensing

your setup. The inductance of long load leads is not a prob-
lem in this supply because it contains an internal compen-
sating network, A2C2-R2.

NOTE

Due to the voltage drop in the foad leads, it may
be necessary to readjust the overvoitage trip point
in the remote sensing mode.

3-30 Since the sensing leads carry only a few milliamps,
the wires used for sensing can be much lighter than the

load leads (22 AWG is generally adequate), but they should
be a shielded, twisted pair to minimize the pickup of
external noise. Any noise picked up on the sensing leads

will appear at the supply’s cutput. The shield should be
grounded at one end only and should not be used as one of
the sensing conductors. The sensing leads should be connect-
ed as close to the load as possible.

331 The sensing leads are part of the supply's program-
ming circuit, $0 they should be connected in such a way as
to make it unlikely that they might inadvertently become
open circuited. 1 the sensing leads open during operation,
the output voltage will tend to fall. Although the decay
may be limited by protection dicdes A2CR3-CR10, it is
recommended that no switch, relay, ar connector contacts
be included in the remote sensing path.

—CAUTION——

When using remote voltage sensing, it is possible to dsmage
the supply by disconnecting a load lead while the sensing lead
is stili connected and the supply is energized, If a load lead
becomes disconnected, current flows through internal pro-
tection diodes CRY and CR10, the sensing leads, and the

foad and may burn out the diodes or connecting track on

the PC board.



3-32 Remote Programming

3-33 The output voltage or current of this supply can
be remotely controlled by analog or digital means, Analog
control consists of programming the output by means of an
external resistor or voltage source connected to the rear
terminals and is the only remote programming method
that will be described in this section. Digital control of the
output on the Hewlegtt-Packard Interface Bus (HP-1B,
Option 001} is described in Appendix A" of this manual.

3-34 For resistance programming, a variable resistor
can control the output over its entire range. Or, a variable
resistor connected in series with a fixed resistor can have its
control restricted to a limited portion of the output range.
Alternately, a switch can be used to select fixed values of
programming resistance to obtain a set of discrete voltages
or currents. {The switch must have make-before-break
contacts to avoid producing the output voltage transients
that momentarily opening the programming terminals
would cause.) Ta maintain the temperature and stability
specifications of the supply, programming resistors must

be stable, low noise resistors with a temperature coefficient
of less than 30ppm per °C and a power rating at least 30
times what they will actually dissipate.

335 Both voltage and current outputs can also be
controlled by a voltage source, When voltage programming
the output voltage, the choice can be made between using
a connection that produces a unity gain relationship
between input and cutput of another connection that pro-
duces variable voltage gains. The output current can be
programmed using a connection that produces a fixed gain.

3-36 Connecting a supply for remote voltage or current
programming disables the corresponding front panel cantrols.

3-37 The following paragraphs discuss in greater detail
the methods of remotely programming the output voltage
or current using either a resistance or a voltage input.
Whichever method is used, the wires connecting the pro-
gramming terminals of the supply to the remote program-
ming device must be shielded to reduce noise pickup. The
outer shield of the cable shou'd not be used as a conductor
but should be connected to ground at one end conly.

338 Atthough the following connection drawings
{Figures 3-5 through 3-7) show the supply strapped for
local sensing, it is possible to operate the supply simultan-
eously in the remote sense and remote constant voltage pro-
gramming modes,

339  Constant Voltage Output, Resistance Control. The
rear panel connections shown in Figure 3-5 allow the output
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Figure 3-6. Resistance Programming of Output Voltage

voltage to be varied by using an external resistor to program
the supply. The output voltage varies in accordance with
the voltage control coefficient of 1000 ohms per volt. The
output voltage will increase by approximately 1 volt for
each 1000 ohms added across the programming terminals.)
Note that voltage programming current determines the
coefficient and that this programming current js factory
adjusted to within 7% of 1mA. If a programming accuracy
of greater than 7% is required, resistor A1R15 can be
adjusted to obtain an accuracy of up to 0.5% {refer to
Section V).

340 Resistar RX replaces the internal 50£2 offset
resistor (A2R1) that is disconnected (alang with the front
panel control} by the connections of Figure 3-5. The addi-
tion of Ry will bring the output voltage to near zero volts
when the external programming resistor is set to minimum.
If an output voltage that is closer to zero than this is
required, it can be obtained by substituting a 100 chm
potentiometer in place of Rx. This potentiometer can than
be adjusted to obtain exactly OV output when the external
programming resistor is set to minimum,

NOTE

If the programming terminals (A2 to —5) become
open circuited during resistance programming,
the output voltage will tend to rise above rating.
The supply will not be damaged if this occurs
but the overvoitage trip point should be properly
adjusted to protect the users load.

341 Constant Voltage Output, Voltage Control {Unity
Gain). The rear panel connections shown in Figure 3-6
allow the output voltage to be varied by using an external
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Figure 3-6. Voltage Programming of Qutput Voltage
{Unity Gain)

voltage source to program the supply. In this mode, the
output voltage varies in a 1 to 1 ratio with the programming
voltage. The load on the programming voltage source is less
than 20 microamperes. Note that the voltage control co-
efficient contains a fixed offset voitage of 50mV in addition
ta the tolerance of 220mV. This means that the external
voltage source will have to be set slightly higher than the
output voltage. For example, to obtain an output of 50V,
the external source would have to be set from 30 to 70mV
higher than 50V,

342  Constant Voltage Output Voltage Control (Variable
Gain). The arrangement of Figure 3-7 shows a method of
programming the supply with gain using a variable voltage
source (Eg). Note that this method is no different than

the circuit normally used within the supply except that an
external reference saurce (ES) repiaces the +6.2V internal
reference and resistor Ry replaces the constant voltage
pullout resistors {A1R12-R15). The voltage gain {between
Eg and EOUT’ is equal to the resi_stance ratio RPIRR.

343 Reference resistor RR must be less than 10k ohms
and must be selected so that the programming current
flowing through it is at least 1 milliamp when the voltage
source (Eg) is set to maximum. Once Ry is selected,
multiply it by the maximum voltage gain desired to find
Rp. If desired, the power supply's front panel voltage con-
trols can be used in place of external gain control F!P by
deleting the external gain control from the circuit and
strapping together terminals A1 and A2. Of course, a fixed
external resistor can also be used in place of Rp if required.
In any event, both Rp and R should be precision, wire-
wound resistors. Notice that an offset voltage exists in this
mode similar to that in unity gain voltage programming
{paragraph 3-41). If an external gain controt is used, this
offset voltage will be 70mV (maximum}. If the front pane
voltage control is used the offset voltage will be less (20mV,
maximum).

36

344 Constant Current Output, Resistance Control. The
rear panel connections shown in Figure 3-8 allow the output
current to be varied by using an external resistor to program
the supply. The supply’s constant current programming
current, which is factory adjusted to 500uA +7% determines
the exact value of its programming coefficient of 100 ohms
per Ampere. |f the 7% accuracy of this coefficient is not
adequate, it may be adjusted to within 0.5% with internal
potentiometer ATR1 (refer to Section V).

345 Resistor FIX (15 ohms) replaces internal resistor
A1R3 which is disconnected, along with the front panel cur-
rent cantrol, by the connections of Figure 3-8. This resistor
provides a small amount of end resistance so that the cutput
current can be adjusted ta exactly zero (by A1R6} when the
current programming resistor is shorted, or set to minimum.
Section V gives the adjustment procedure for zeraing the
output current using the internal offset adjust potentiometer,
A1RB.

CAUTION———

Do not allow programming terminals A4 or A8 to
become apen-circuited while resistance programming
the output current. If they do open, the supply’s out-
put current rises to a value that may damage the supply
or the load. If in the particular programming configura-
tion used there is achance that the terminals might open,
we suggest that a 1k ohm protection resistor be connect-
ed across the programming terminals. Of course, when
this resistor is used, the resistance value actually pro-
gramming the supply is the paralle! combination of the
remote prograrnming resistance and the resistor across
the programming terminals. Like the programming
resistor, this resistor should be a low noise, fow tem-
perature coefficient rype.
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Figure 3-7. Voltage Programming of Qutput Voltage
{Variable Gain)
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346 Constant Current Output, Voltage Control. In this
mode (Figure 3-9) the output is varied by the external volt-
age source at a rate established by the programming co-
efficient of 50mV/A £10%. The external voltage required
10 obtain maximum rated output current from the supply

is about 500mV. An input greater than 600mV will cause
excessive power dissipation and possible damage to the
supply. The load on the external voltage source will be less
than 20 microamperes.

347 To adjust the qutput current to exactly Zero with
a zefo programming veltage, adjust A1R6 as outlined in
Section V.

348 Auto-Paraliel Operation

349 Figure 3-10 shows the interconnections required

to auto-paraliel two units, This mode of operation provides
2 greater current capacity than can be obtained from a
single supply while maintaining nearly equal load sharing
among the parafleled supplies under all ioad conditions.
Oniy supplies having the same model numbers can be used in
auto-parallel unless the supplies all have equal current ratings
and the voltage drop across the monitoring resistor in each
supply is equal at maximum rated current,

3-60 Additional Slave. One additional stave supply can
be added in parallel to the master/slave combination shown
in Figure 3-10. All connections between the master and slave
number one are duplicated between slave number cne and
the added supply (slave number two}. The remaining term-
inals on stave number twa should be strapped the same as
those shown for slave number one on Figure 3-10.
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NOTE

Use wires of equal length and gauge to connect
each auto-parallel supply to the load. Load
sharing will not be equal unless the positive
leads connecting each supply to the Joad are
all equal in resistance.

3-51 Setting the Voltage and Current Controls. The
auto-parallel combination of two or three supplies behaves
as if it were a single constant-voltage/constant-current
supply controlled by the voltage and current controls of
the master supply. The voltage control of the slavels) is
disabled, but its current controf remains operative and
must be set to maximum to prevent a slave supply from
independently reverting to constant current operation as
would occur if the output current setting of the master
supply exceeded that of the slave.
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Figure 3-9. Voltage Programming of Output Current
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Figure 3-10. Auto-Parallel Operation of Two Units



352  Overvoltage Protection in Auto-Parallel. The inter-
connections shown in Figure 3-10 between the external
crowbar trigger terminals on the master and on the slave(s}
must be made to permit the overvoltage crowbar in the
master to fire the SCRs in the master and the slave(s} if an
overvoltage condition occurs, Be sure to connect them with
the correct polarity shown, Set the slave supply overvoltage
contro!{s} to maximum {clockwise} to disable them, and
adjust the overvoltage trip point at the master supply.

353 Auto-Parallel With Remote Sensing. To combine
auto-parallel operation with remote sensing, conpnect the
supplies as described above but remove the +5 and —5
jumpers from the master supply and connect the +5 and
~S terminais directly to the (+} and (—} ends of the load.
Observe the precautions outlined under paragraph 3-27.

3-54 Auto-Parallel With Remote Programming. When
two or three supplies are connected in auto-parallel, their
combined output voltage, current, ar both can also be
remotely programmed from the master supply. Observe
ali precautions outlined in the paragraphs on remote pro-
gramming. The simultaneous use of remote sensing and
remote programming is also possible during autoe-paralisl
operation.

3-55  Auto-Series Operation

3-56 Auto-series operation provides greater output
voltage capability than that available from one supply. A
maximum of three units can be used in this configuration.
Figures 3-11 and 3-12 show the rear panel and circuit board
interconnections required to operate two or three supplies
in auto-series. This mode of operation allows the series-
connected supplies to be simultaneously programmed by the
voltage and current controls of a master supply. The master
supply must always be the one at the positive end of the
series combination. The output voltage of each slave supply
varies in direct proportion to that of the master and the
ratio of each slave’s output voltage to the master's is estab-
lished by the settings of the slave suppiies’ voltage controls.
The resulting combination of two or three supplies behaves
as if it were a single constant-voltage/constant-current sup-
ply. The supply with the lowest current setting limits the
maximum output current of the combination. Mixed mode!
numbers can be employed in auto-series combination, pro-
vided that each siave is capabte of autc-series operation.
Any well~regulated, variable output supply can be used as
the master.

3-57 1n applications where coordinated positive and
negative voltages are required, grounding the center tap of
an auto-series combination of supplies allows simultaneous
proportional control of both supply voltages.

3-58 Value of le. As shown, each slave supply has an
external resistor Ry, that provides its’ voltage programming
current. The value of Fix is determined by dividing the
constant voltage programming current of the slave supply
into the maximum rated output voltage that will be received
from the master supply. For two Model 6002A supplies,
Ry would be EOV/1mA = 50k ohms. To maintain the tem-
perature coefficient and stability specifications of the
supplies, RX must be a stable, low noise resistor with a
temperature coefficient of less than 30ppm per “Canda
power rating of at least 30 times what it will actually
dissipate.
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3-59 When operating three supplies in auto-series, sz
is found by dividing the voltage programming current of the
second slave into the maximum voltage expected from the
first slave.

3-60 Setting the Voltage Controls. The voltage each
slave supply contributes is determined by its voitage control
setting. The output voltage of the first slave supply tracks
the voltage of the master,-and the voltage of the second slave
(if used) tracks the voltage of the first slave. For this

reason, the voitage of the master must be adjusted to maxi-
murmn, and then each slave, in turn, must be set to the corres-
ponding voltage desired during initial setup of the auto-series
combination, Once this has been done, the total voltage of
the combination can be controlled by the voltage controls
of the master supply or it can be remotely programmed
through the master supply,

361 Setting the Current Controls. Auto-series opera-
tion leaves the current controls of all supplies operative,

but the supply whose current control has the lowest setting
determines the point at which automatic crossover to
constant current operation begins to lower its output volt-
age and thus that of the series combination. The constant
current circuit of a supply has no effect on the outputs of
the supplies connected in a more positive position in the
series combination, but it does affect its own output and
the outputs of the supplies connected in a more negative
position. If the current controls of one of the slave supplies
are set the lowest, then an overload or short circuit at the
output will cause the master supply [or the master and the
first slave) 1o force current through the reverse voltage
protection diodes at the outputs of the downstream slaves.
Because this current could be excessive either for the diodes
or the load, the current contrals of the slave supplies
should be set to maximum and the master suppiy’s current
controls used to establish the output current or current
limit.

362 Overvoltage Protection in Auto-Series. The inter-
connections shown in Figures 3-11 and 3-12 between the
external crowbar trigger terminals on the master and on the
slave(s) must be made 10 permit the overvoltage crowbar in
any one of the interconnected supplies to fire the SCRs in
all of them if an overvoltage condition occurs. Be sure to
connect them with the polarity shown. Set the overvoltage
potentiometer in each supply so that it trips at a point
slightly above the voltage that supply will contribute.

3-63 Auto-Series With Remote Sensing. To combine
auto-series operation with remote sensing, connect the
supplies as described above but remove the +S jumper from
the master supply and the =S jumper from the fast slave
supply and connect the +5 and —S terminals directly to the
{+} and {—) ends of the load.

39

364 Auto-Series With Remote Programming. When
two or three supplies are connected in auto-series, their
corbined output voltage, current, or both can alse be
remotely programmed. Refer to the appropriate sections
for the additional rear panel connecticns required and
make these connections to the master supply only.

365 Auto-Tracking Operation

3-66 Figures 3-13 and 3-14 show the rear panel inter-

.connections required to operate two or three supplies in

the auto-tracking mode. This mode of cperation allows
two or three supplies that share a comman negative output
bus to power separate loads and have their cutput voltage
simultaneously programmed by the voltage and current con-
trols of a master supply. Unless their outputs are to be eaual,
the supply that is to have the greatest putput voltage must
be selected as the master. The output voitage of each slave
supply is a constant percentage of the master's with the
percentage for each slave established by a voltage divider
consisting of Hx and the voltage control of the slave supply.
Model numbers can be mixed in an auto-tracking cenfigu-
ration.

367 Value of Hx. To calculate the proper value of
Rx the following information is required:

a. EM, the maximum voltage desired from the
master supply.

b. ES- the maximum voltage desired from the
slave supply.

¢. Rp, the resistance of the slave supply’s voltage
control,
To find Ry use the formula:

Ry = (EyRp/Eg) —Rp

PEX

Al3

OPTIONAL CROWBAR
CONMECTIONS. SEE TEXT.

Figura 3-13. Auto-Tracking Operation of Two Units



For example, if two Model 6002A supplies are used in
auto-tracking, and we want the slave's output to vary from
zero to 20 volts as the master supply varies from zero to
50 volts, the value of Rx is:

Ry = {BOV X B0kLL/20V) —B0k = 76k

3-68 If the temperature coefficient and stabil ity
specifications of the supplies are to be maintained, RX
must be a stable, low noise resistor with a temperature
coefficient of less than 30ppm per °C and a power rating
at least 30 times what it will actually dissipate,

3-69 Note that if the auto-tracking slave's voltage will
equal the output of the master, the value of Ry = 052

In this case, make a direct connection from the +S terminal
of the master to the A2 terminal of the slave and remove
the slave’s A1 to A2 jumper.

3-70  Setting the Voltage and Current Controls. The
voltage control settings for the master and slave supplies
were discussed previously in paragraphs 3-66 through 3-69,
The current controls of all supplies in an auto-tracking
combination are independently operative and can be used
to set current limits for each individual load. I the master
supply goes into the constant current mode, the output
valtages of the slaves continue to track that of the master.
If a slave supply goes into constant current mode, however,
no other supply is affected.

3n Overvoltage Pratection in Auto-Tracking. Parallel-
ing the crowbar circuits, as is required for the auto-paralle!
and auto-series modes, is optional in the auto-tracking
mode, |f the extra crowbar windings in the master and in
the slave supplies are not paralleled, the overvoltage pro-
tection circuit in each supply independently monitors the
voltage across its own lpad. Then if the master supply
crowbars, the output voltage of the slave(s) also decreases,

but if one of the slaves crowbars, no other supply is affected.

3.72 In order to have all supplies in an auto-tracking
combination crowbar simultaneously if any of them has
an overvoltage condition, parallel their crowbar circuits as
shown in Figure 3-13 or 3-14, Set the overvoltage poten-
tiometer in each supply so that it trips at a point slightly
above the voltage that supply will provide.

373 Auto-Tracking With Remote Sensing. To combine
auto-tracking cperation with remaote sensing, connect the
supplies as described above but remove the +S and —§
jumpers from each supply and connect the +5 and =S ter-
minals directly to the {+) and (=) ends of its load.

374 Auto-Tracking With Remote Programming. When
two or three supplies are connected for auto-tracking oper-
ation, their output voltages can be remotely programmed
at the master supply. The output current of the slave
supplies cannot be controlled from the master as pointed
out in paragraph 3-70. The simultaneous use of remote
sensing and remote programming of the output voltage is
possible during auto-tracking operation,

3-78 Constant Current Status Signal. A signal from the
output of the current comparison amplifier is brought out
to terminal A12 on the rear of the unit, This signal switches
from low {approximately §.5V with respect to @ ) to
high {approximately +6V} when the supply goes into the
constant current mode. This signal can be readily amplified
to perform system tasks required by the user.
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Figure 3-14, Auto-Tracking Operation of Three Units
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SECTION v
PRINCIPLES OF OPERATION

41 DIFFERENCE BETWEEN STANDARD
LAB SUPPLY AND EXTENDED
RANGE SUPPLY

4-2 The basic difference between a conventional
Constant Voltage/Constant Current (CV/CC) power supply
and an extended range supply is readily seen by comparing
the cutput characteristic of each type. Figure 4-1 (A}
shows that maximum output power (200 Watts in the
example) from a standard supply can be obtained at only
one point on its’ rectangularly shaped locus. Maximum
output power from the 6002A supply, however, is available
at many points along a “‘constant pawer’ curve ranging
from a 50V, 4A to 20V, 10A {see Figure 4-1 (B)). Thus,
one extended range supply provides maximurmn output
power aver a wide range of voltage and current combina-
tions,

4-3 OVERALL DESCRIPTION

4-4 Figure 4-2 is a simplified schematic showing the
majar circuits of the supply. For simplification, two of

the supplementary circuits (operating mode indicator and
meter circuits) have been omitted from the diagram. The

A STANQARD CV/CC, 2D0W SUFPLY

ov
OPERATING
REGION
7 Fout max
2V {200 waTTS)
\
e
Sou OPERATING
REGION
08
/5 1) Lrmm—

B. MODEL EO0ER, EXTENDED RANGE SUPPLY

Pout Max
(200 WATTS)

4A 104

Figure 4-1. Qutput Characteristics,
Standard vs. Extended Range

4-1

supply is shown in its entirety on the main schematic at
the rear of the manual. On both the main and simplified
schematic diagrams, the functional circuit designatians
are the same so that both diagrams can be correlated,

45  Major Circuit Divisions

4-6 The supply can be divided into three major circuit
groups: a series regulator feedback loop, an overvoltage
pratection “crowbar’’, and a tap selection and cantrol cir-
cuit. A supplementary reference supply is also included to
provide regulated and unregulated bias voltages used through-
out the supply by the major circuit groups. Both the series
regulator feedback loop and the overvoltage crowbar circuit
are very similar to those used in many other laboratory type
power supplies manufactured by Hewlett-Packard. The tap
selection triacs and contral logic, however, are refated only
to extended range power supplies. It is these circuits that
govern the extended output characteristic shown in Figure
4-1 {8),

47 Tap Selection Triacs and Control Logic

4-8 These circuits consist of a pair of triac switches
operating under control of the tap selection contral logic,
The function of these circuits is to control the amplitude
of the ac that is applied 1o the rectifier-filter. As indicated
on Figure 4-2, the top and bottom taps on the secondary
of T1 are connected to the triacs, A3CR1 and A3CR2,
During each half cycle of the input ac, one of four possible
tap combinations {and corresponding ac levels) is selected
by the triacs for connection to the rectifier-filter. The
particular secondary tap combination that is selected is
based on the load demands and the condition of the ac line.
The control logic makes the determination by monitoring
the output voltage and current, and the ac line and then
issuing the appropriate firing pulses to the switches. To
minimize RFi noise, the triacs are fired only when the
voltage across them is minimal.

4-9 As an example of when the different secondary
windings are switched, refer to Figure 4-3. As indicated,

the output characteristic is divided into four operating
regions with each region having a corresponding combination
of secondary turns ratios. For low cutput voltages, the con-
trol logic forces the supply to operate in region number one
by holding CR1 and CR2 off. Thus, only the middle wind-
ing is connected to the rectifier-filter and it receives a rela-
tively low ac input level. For high voltage/low current
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conditions {region number two on Figure 4-3}, the control
logic fires both triacs and the entire secondary voltage (mid-
dle, top, and bottom windings) is connected to the rectifier
filter. For each of the other two regions (three and four),
one of the triacs is on and the other is off, adjusting the ac
input accordingly. Switching between operating regions
accurs automatically and can be updated every half cycle

of the input ac, as previously mentioned.

410 Notice on Figure 4-3, that the four operating
regions are determined by an output voltage decision line
{VODI} and two output current decision lines {tODy and
IODzl. These decision lines serve as reference paints and
are established by a set of three comparators {Figure 4-2).
The VOD comparator compares a sample of the gutput
voltage (voltage between —QUT terminal and ) with a
dc reference ievet (VOD reference). |f the output voltage is
less than the VOD reference, the output of the comparator
causes the generation of a clock inhibit signal to the 18kHz
clock halting all clock pulses. With no clock pulses applied
to the control logic, no firing pulses can be generated and
both triacs are held off. Under these conditions, the supply
is made to operate in region one of Figure 4-3. On the other
hand, if the output voltage is greater than the VOD reference,
the 18kHz clock is allowed to run and ane, or hoth, of the
triacs is fired based on the output of the IQD comparators.

4-11 The 10D comparators monitor the output current
of the supply by sensing the IR drop across the current
monitoring resistors {voltage between @ and @ ).
The effective output current is then compared with an 10D
reference voltage and the comparator output is used by the
control logic as the basis for firing one, or both, of the triacs.
Thus, whenever the 10D comparators have contral, the
supply operates in region twa, three, or four of Figure 4-3,
The zero cross detector generates a gate, each time the ac
input passes through zero. This gate serves as an “update
window" during which time the control logic changes state
to reflect the condition of the comparators. Notice that
the [OD reference voltages are both derived from an unreg-
ulated dc voltage {+18V unregulated). Because the +18V
varies with the amplitude and frequency of the ac line, ac
compensation is automatically built in to the circuit. The
10D, and 10D, reference points shown in Figure 4-3 are
those associated with a nominal ac input {115Vac, 60Hz).
If the ac line voltage increases bath 10D reference points
shift to the left {by approximately 15% at high line) to a
tower current level. The reverse ccours, if the ac line voltage
decreases.

4-12  Series Regulator Feedback Loop

4-13 The raw dc, previously adjusted to the proper level
by the tap selection triacs, is applied to the series regulating
transistors. The conduction of these transistors is made to
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Figure 4-3. Four Operating Regions

vary so that a regulated voltage or current is available at the
output terminals. The series regulating transistors are part
of a feedback loop consisting of the driver and error ampli-
fiers, the constant voitage compatison amplifier, and the
constant current comparison amplifier.,

4-14 For normal cperating conditions, the feedback
signals that control the conduction of the series regulator
originate either in the constant-voltage or constant-current
comparison amplifiers. During constant-voltage operation
the constant-voltage comparator compares the ocutput volt-
age of the supply with the drop across the VOLTAGE
control, f these voltages are not equal, the comparison
amplifier produces an error signal that is further amplified
and fed back to the series regulator in the correct phase and
amplitude to make them equal. !n this manner, the constant-
vol tage comparator holds the output voltage constant and
at the level established by the VOLTAGE control.

4-15 During constant-current operation, the constant-
current comparison amplifier detects any difference between
the voltage drop developed by load current flowing through
the current monitoring resistors and the voltage across the
CURRENT control. If the two inputs to the comparator

are momentarily unequal, an error signal is generated that
alters the conduction of the series regulator by the amount
necessary to reduce the error voltage to zero. Hence, the

IR drop across the current monitoring resistance, and there-
fore the output current, is held at a constant value,

4-16 Since the constant-voltage comparator causes the
output impedance to be low and allows the output current

te change whenever the |oad resistance changes, while the
constant-current comparator causes the output impedance

to be high and allows the output voltage to change in response
to a load resistance change, it is obvious that the two com-



parison amplifiers cannot control the output simultaneously.

For any given value of load resistance within the 200W
operating limits, the power supply must act either as a
constant-voltage source or as a constant-current source. To
enable one comparator ar the other to take control, the
outputs of both comparators are connected to the input

of the mixer amplifier through an OR gate.

417 Operation of Loop During Overrange. Throughaut
the previcus discussion, it was assumed that the supply was
operating normally, within the 200W operating limits, in
either the constant voltage or constant current mode.
However, as described in Section 11, it is possible for this
supply to operate outside the 200 Watt operating limits

if the voltage or current control is set too high relative to
the load impedance that is connected across the supply. If
the supply is in an overrange condition, neither the voltage
nor current comparator controfs the feedback loop and
both OR gate diodes are reverse biased. With the OR gate
off, the series regulator will conduct heavily due to the
internal biasing of the mixer amplifier stage inside the feed-
back loop (refer to paragraph 4-37 for more details).

418 Supplementary Circuits. To improve the perform-
ance of the supply, three supplementary circuits are used

10 control the feedback ioop during certain operating con-
ditions. The turn-off control circuit minimizes output over-
shoot whenever the supply is turned off. The circuitis
activated only at turn off by the rapidly shrinking +18V
{unregulated} bias and sends a turn down signal to the series
regulator via the driver.

419 Transistor A10Q5 and associated components speed-
up the down programming capabilities of the supply. This
transistor is off uniess the output is rapidly down-program-
med by the front panel control or a remote programming
source. Under these conditions, A1Q5 is turned on by a
negative going signal from the feedback loops error ampli-
fier, providing a low resistance discharge path for output
capacitor A2C1,

4-20 The gress current limit transistor, A2Q2, provides
backup protection for the constant current comparison
amplifier. This transistor monitors a portion of the output
current (IR drop across one of the series regulator emitter
resistors) and generates a “hold” signal to the driver if the
output current attempts to exceed approximately 120%

of maximum rating.

4-21  Overvoltage Protection Circuit

4-22 This eircuit protects loads against excessively high
voltage, as might result from a series regulating transistor
failure. It monitors the output voltage of the supply
{between —QUT and @ }, and fires an SCR ""crowbar"
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if the output exceeds the threshold set by the OVER-
VOLTAGE control. Once fired, the SCR (A2CR13)
effectively short circuits the output of the supply. The
crowbar circuit also sends a turn-off signal 1o the series
requlator when it is fired.

4-23 DETAILED CIRCUIT DESCRIPTION

4.24 The following paragraphs describe, in more detailed
terms, the operation of the supply's major circuits. Note
that only those circuits not covered in sufficient detail in

the preceding overal! description, will be described. Through-
out this discussion refer to the fald-out schematic diagram

at the rear of the manual.

4-25 Tap Selection Control Logic

4-26 As mentioned previously, the function of these
circuits is to provide the constant power output character-
istic shown on Figure 4-1 (B). To accomplish this, the
circuit controls the conduction aof a pair of triac switches
which, in turn, control the raw dc that is applied to the
series regulator. A decision to fire one, both, or neither of
the triacs is made ance during each half cyele of the input
ac (8.33 miltiseconds) based on the output voltage and
current of the supply and the amplitude and frequency of
the ac line,

4-27 Figure 4-4 shows the control logic waveforms
associated with each of the four basic operating conditions
discussed previously {paragraphs 4-9 through 4-11). During
the first time period (starting at t = 0) the output voltage
sample is less than the VOD reference voltage at pin 5 of U3
and the output of the comparator is low (approxiﬂately

(I} common). The output of the VOD latch (Q1 side of
flip-flop 1) is high {approximately +5V) causing Q12 to
conduct and clamp the clock line low. With the clock line
held low, the output of the W4 NAND gates {pins 10 and 11)
are maintained at a high level and no firing pulse can be
generated regardless of the condition of the 10D inputs to
the gates. As indicated on Figure 4-4, both triacs are off at
this time and only the middle winding is connected to
rectifiers U1 and U2.

4-28 Starting at time period two and extending through
the remaining time periods in the example, the output valt-
age is greater than the VOD reference. Tt'E_VOD flip-flop

is consequently switched to the set state (Q1 side goes low),
permitting the continuous application of 18kHz clock pulses
to the U4 contral gates {pins 9 and 13}. Which control gates
are enabled, now depends on the state of the 10D !atches
which, in turn, is dependent upon the amplitude of the
output current. During time period 2, the sampte output
current is greater than the 10D, reference voltage and the
output of both tQD eomparators are high. The output of



the |002 latch {F/F2} is low so that the upper NAND
gate is enabled (high level at U4-12) and the {ower gate is
disabled (low at U4-8). Thus, the clock pulses are allowed
to pass through Q6 but are blocked from entering Q7. As
a result, triac CR2 is conducting during the second time
period while CR1 is held off.

4-29 Note that at sometime after the maximum {90%)
point of each half cycle the triacs will cut off because the
voltage across them is not sufficient to maintain conduction.
The triacs remain cutoff through zero crossing and well into
the next half-cycle until their minimum firing potential is
exceeded. The firs: firing pulse that is received after this
time will fire the triac(s} and the remaining pulses, received
during the rest of the half cycle, will have no effect. The
zero crossing detector U4, ensures that the firing decisions
are always updated near the zera crossing point of the ac
line, while the triacs are cutoff. As shown on Figure 4-4,
the three decision latches cannot change state until the
leading edge of the zero cross gate {TP5) is generated, even
though the associated comparator may have changed state
earlier in the half cycle.

4-30 Time period three in the example of Figure 4-4, is
initiated when the output current falls below the IOD2
reference point. The output of the I002 comparator
switches low at this time and at the next zerec crossing
point, the 10D, latch is switched to its reset state {32 out-
put goes high). The condition of the triacs during time stot
three is the exact reverse of the conditions during time slot
two, with CR1 conducting and CR2 off.

4-2 Time period four is initiated when the output

current falls below the !OD1 reference point. The action
of the comparators and latches during this time period is
essentially the same as that for the previous time periods.

4-32  Operation of Feedback Loop

4-33 The feedback loop functions continuously to main-
tain a constant output voltage or current and a good under-
standing of it's operation is very heipful in troubleshooting
the supply.

4-34 Far purposes of this discussion, assume that the
unit is in constant voltage operation and that the VOLTAGE
control, R1, has been adjusted so that the supply is pro-
viding the desirad output voltage. Further assume that

the output voltage instantaneously rises due to a variation

in the external load circuit.

4-35 The instantaneous increase in output voltage
causes the inverting input of the CV comparison ampiifier
(U1-6) to go negative. The resultant pasitive going error
voltage from U1 is amplified and inverted by mixer
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amplifier A104 and fed to the bases of all six series regu-
lating transistors via emitter followers A4Q4 and A2Q1. The
The negative going input to the regulating transistors results
in a decrease in their conduction so that the output volitage
is reduced to it's original level.
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4-36 Constant current operation is initiated if the load
resistance decreases below a certain crossover point, as
described in Section 111, Under these conditions, the in-
creased output current causes the output of the current
comparison amplifier (at U1-1) to become sufficiently
positive to forward bias OR — gate diode A1CR4. At the
same time the output voltage decreases, so that OR — gate
CR11 becomes reversed biased and the supply if in the
constant current mode. Feedback loop operation in the
constant current mode is similar to that occurring during
the constant valtage mode except that the input to the
current comparison amplifier is obtained from the curremt
monitoring resistors.

4-37 As mentioned previously in paragraph 4-17, both
OR - gate diodes {CR4 and CR11) are reversed biased if
the unit is mistakenly placed in an overrange condition.
With both diodes off, mixer ampiifier A1Q4 conducts
heavily due to the —9V hias connected to its base through
R27. The resultant positive voltage at the collector of Q4
is fedback to the series regulator, via Q4 and Q1, causing
it to conduct heavily. The supply now operates somewhere
in the overrange region at a point determined mainly by
the beta of the series regulating transistors. Afthough the
supply will not be damaged when operating in overrange,
it will not meet specifications in this area.

4-38 Main output capacitor A2C1, connected across
the output of the supply, helps stabilize the feedback 1oop
for all types of loads. Additional stabilization is provided
by local feedback networks used by various stages within
the loop.

4.39 Series Regulator

4-40 The series regulator consists of six transistors con-
nected in paraltel to minimize the power dissipated in any
one transistor. Protection diode A2CR8, connected across
the regulator, protects the transistors from possible damage
by reverse current flow. Thermal switch ABTC1 will open,
turning off the series transistors, if the heat sink tempera-
ture exceeds approximately 248°F. This feature protects
critical components from the excessive temperatures that
could occur due to a cooling fan failure. Diode A2CR7
conducts if the thermal switch opens, reverse biasing the
base-emitter junctions of the series transistars thus turning
them off. An additiona! safety factor is provided by
connecting the top and hottom heat sink boards in such

a manner that a base interlock system is formed. Thus, if
either heat sink board is removed, the base path to the
series transistors on the remaining board is cpened and

no damage can occur if power is applied to the unit.

441 Two dc fuses {A3F1, F2) provide additional pro-
tection for the regulator and other critical components of

45

the supply. One, or both, of these fuses will blow if a
series gegulator or driver transistor shorts and the unit
crowbars {conducting SCR is ptaced across supply).
442 Driver, Error, and Mixer Amplifiers

4-43 These stages amplify the error signal received from
the voltage or current comparison amplifiers to a level
sufficient to drive the series regulator. Mixer amplifier Q4,
is the first stage in the string and receives its input from the
OR — gate diode that is conducting at the time (CR4 or
CR11). Transistor A103 provides a constant current to the
collector of Q4, Two degenerative feedback networks
(R28-C4 and R31) are included to stabilize the feedback
laop.

4-44 Transistors A2Q1 and A4Q4 serve as the driver

and predriver elements, respectively, for the series regulator.
Error amplifier A4Q4 also provides a discharge path for

the output capacitance in order 10 enhance the down pro-
gramming speed of the supply. This circuit assists the down:
programming transistor A1Q5 mentioned previously in this
section. The discharge path for the output capacitance is
through A1CR12, A1R32, and A4Q4 1o the negative out-
put terminal.

4-45 Constant Voltage Comparison Amplifier

4-46 This circuit consists of differential amplifier U1,
VOLTAGE control R1, and associated compaonents. The
non-inverting input of the differential amplifier is connected
to the cireuit commaon point (+54) through impedance
equalizing resistor A1R18. The other input of the differen-
tial amplifier (pin 6} is connected to a summing point
{terminal A2) at the junction of the voltage control and the
current puitout resistors R12-R15. instantaneous changes
in the output voitage or changes in the VOLTAGE control
setting produce a difference voltage between the two inputs
of the differential amplifier. This difference voltage is
amplified and appears at the output of the amplifier {pin 7)
as an error voltage which ultimately varies the conduction
of the series regulator.

4-47 Diode CR7 prevent excessive voltage excursions
from overdriving U1. Feedback network C3, R21 helps
stabilize the amplifier. Capacitors C1, and A2C4, connected
across the front panel and rear panel cutput terminals, both
help to suppress output spikes.

4-48 During constant-voltage operation, the programming
current flowing through the voltage control is constant
because the summing point is held at zero volts {with respect
to @ ) by feedback action and virtually all of the

+6, 2V feference supply current flowing through pull-out
resistars R12-R16 flows through the VOLTAGE control.



Linear constant-voltage programming is thus assured.
Potentiometer R15 serves as a trimming adjustment for the
programming current flowing down through the network.
This potentiometer establishes the constant-voltage pro-
gramming accuracy and is adjusted so that the supply can
provide maximum rated output when the VOLTAGE
control is set to maximum.

4-49 Diode CRE becomes forward biased anly when
the supply is in ¢constant current operation. This diode
shunts the constant voltage programming current, {which
varies during constant current operation}, around the cur-
rent monitoring resistors, through meter circuit buffer U2.
If the pregramming current were allowed to flow through
the current rmonitoring resistors, it would be erroneausly
interpreted as a load change by the current comparison
amplifier.

4-50 Constant-Current Comparison Amplifier

4-51 This circuit is similar in appearance and operation
ta the constant voltage comparison amplifier. It consists
of differential amplifier U1, s CURRENT control, and
associated components.

4.52 The inverting input of U1 {pin 2) is connected to
the circuits common point {0} through R8 and a zero offset
adjust potentiometer, R6. The non-inverting input is con-
nected to a summing point {terminal A6) between the
CURRBENT control and current pullout resistors R1 and R2.
Instantanecus changes in the output current due to load
changes or changes in the voltage at the summing point due
to changes in the CURRENT control setting produce a
difference voltage between the two inputs of the differen-
tial amplifier. This difference voltage is amplified and
appears at the output of the differential amplifier (pin 1)

as an error voltage which ultimately varies the conduction
of the series regulator.

4-53 Potentiometer A1R1 is adjusted so that maximum
rated autput current can be obtained with the front pane!
CURRENT control. This potentiometer provides contral
of the constant current programming accuracy in the same
manner as R15 in the constant voltage circuit.

4-54  Operating Mode Indicator Circuit

4-55 This circuit provides front panel status indications
concerning the operating mode of the power supply. Three
LED indicators are included; VOLTAGE MODE, CURRENT
MODE, AND OVERRANGE. A fourth status indicator
{OVERVOLTAGE), is shown in the overvoltage crowbar
circuit an the schematic,

4.56 When the supply is in the constant voltage mode,
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the error signal from the voltage comparison amplifier

(pin 7) is sufficiently positive to drive A1Q1 into conduc-
tion,thus lighting the VOLTAGE MODE indicator. At

this time, transistor A102 and its associated CURRENT
MODE indicator are off because of the relatively law output
at pin 1 of the current comparison amplifier. If the supply
crosses over to the constant current mode, the reverse situa-
tion occurs with transistor Q2 on and the CURRENT
MODE indicator lit,

4-57 As long as either one of the voltage or current
indicators are'lit, the OVERRANGE indicator is off because
the voltage across Zener diode VR3 is too low to cause
breakdown. However, if an overload occurs (supply operates
in overrange region}, the supply operates in neither the
constant voltage nor the canstant current mode and both
A1Q1 and A1Q2 are cutoff. The reverse voltage across VR3
is now large enough to exceed its avalanche potential and
the OVERRANGE indicator lights, The OVERRANGE
indicator also lights if the overvoltage crowbar circuit is
activated. Under these circumstances, the indicator lights
because the series regulator receives a turn-off signal from
the overvoltage circuit and neither the constant voltage

nor constant current amplifier is in control of the feedback
loop.

4-58 Overvoltage Crowbar Circuit

4-59 This circuit protects loads against excessively high
voltages by firing an SCR (A2CR 13} if the output voltage
exceeds a preset trip level. Once fired, the SCR becomes a
virtual short circuit across the supply reducing the cutput
voltage t0 near zero. Until it is triggered, the SCR acts as
an open cireuit and has no effect on the output voltage.

4-60 A comparison amplifier, A1U10, monitors a por-
tion of the output voltage and compares it with an adjustable
reference voltage (trip level) established by the setting of
OVERVOLTAGE adjust potentiometer, R3. During normal
{non-overvol tage} operation, the output voltage at pin 2

of U10 is less than the reference voltage {pin 3 of U10} and
transistor Q9 is held off. |f the qcutput voltage rises to 2
point where it exceeds the trip level, the negative potential
at U10, pin 2, results in the conduction of transistor A9,

A positive going trigger pulse is then generated across pulse
transformer T1, firing the SCR. When CR13 is fired, a path
is completed for OVERVOLTAGE {amp (D54) and it lights.
At the same time, diode A2CR6 becomes forward biased

. wrning off the driver {A2Q1) and series regulating transistors

by conducting current away from the base of A2Q1. Turning
off the series regulator when the unit crowbars is necessary
to prevent the heating probtems that could occur when short
circuit current is drawn from the supply due to a failure in
the feedback loop. This technique is satisfactory for any
high voltage condition that is caused by a failure in one of



the stages befare driver A2Q1 in the feedback loop. How-
ever, if the overvoltage condition is caused by & shorted
series regulating or driver transistor, the turn-off signal
from the crowbar circuit will have no effect. In this case,
the excessive current flow through the regulator will cause
one, or both, of the dc fuses {A3F1, F2) to blow, thus
limiting the current flow.

4-61 To keep the crowbiar SCR canducting after the
series regulator is turned-off or a dc fuse blows, two hold-
ing current paths are provided. One holding path is pro-
vided by the +9V bias, through resistor R110 and OVER-
VOLTAGE indicator DS4. An alternate holding path is
provided by diode A2CR6 which conducts as soon as the
SCR fires. The SCR remains in conduction until the sup-
piy is turned off. Thus, to reset the crowbar, the supply
must be turned off and then back on.

4-62 An extra winding on pulse transformer A1T1 (ter-
minals 3 and 4) provides an output pulse whenever the
crowbar is fired, Conversely, an input pulse applied to

this same winding can be used to fire the crowbar from an
external source. As described in Section 11, this feature

is useful for creating a crowhar slaving arrangement for the
crowbar circuits in more than one supply. With the crow-
bars staved together, all of the circuits become activated
when any one of the crowbars is tripped.

4-63 Reference Supplies

4-64 This unit contains three separate reference supplies
that employ regulation techniques similar to that of the
main supply. The three supplies all receive their raw {un-
regulated) de from a common full-wave rectifier (CR1, 2, 4,
5) and filter (C27, 28).

4-65 Integrated circuit chip A1UG provides +5V, with
respect to m commaon, for the logic circuits in the main
supply. An input comparator compares the +5V output at
the junction of R70, R73 with an adjustable reference volt-
age. If a difference exists, an error voltage is applied to the
series regulator in the correct amplitude and phase to main-
tain the +5V gutput constant. Potentiometer R7 is factory
adjusted to obtain the output of +5V £20mV.

4-66 The remaining two reference supplies (+3V and
—8V) are similar in operation to the +5V supply, Note that
each of these two supplies contains a Zener diode ta pro-
vide additional reference voltages of +8.2Vdec.

4.67 Meter Circuit

4-68 The front panel voltmeter and ammetar provide
continuous indications of output voltage and current. For
isolation purposes, each meter has an input buffer stage

4.8

(A1U2) having a unity voltage gain. Note that the output
from the current buffer {which represents the output cur-
rent} is also fed back to the tap selection control logic.
Potentiometer R116 and R111 permit calibration of the
voltmeter and ammeter, respectively.

4-69 The voltmeter is essentially connected across the
output terminals of the supply (between —OUT and +S1 ).
{t is in series with resistors R113 and R114 and is shunted
by R115and R116.

4-70 The ammeter, together with its series components,
is effectively connected across the current monitoring
resistance, A2R3, A4. As mentioned previously, the volt-
age drop across the monitoring resistors varies in proportion
to the output current.

4-71  Special Purpose Components

4-72 The supply contains several special purpose com-
ponents which either protect the supply, or improve its
performance. One of these components is diode A2CR11
which is connected across the ocutput terminals of the sup-
ply and prevents internal damage from reverse voltages that
might be applied across the supply. This could occur, for
example, furing Auto-Series operation if one supply is
turned on hefore the other.

4-73 Capacitors C1 and A2C4, connected across the
front and rear terminals, respectively, are for spike suppres-
sion. Protection diodes A2CR9, CR10 limit the output of
the supply if the shorting straps between the outpur ter-
minals and sensing terminals (+S and —8S} are inadvertently
removed.

4-74 An RC network {A2R2, C2) is connected between
the + and +S terminals to prevent instability of the feedback
loop during remote sensing applications. Capacitor A2C2
does not influence circuit operation normally because it is
shorted-out by the strap between the + and +5 terminals.
However, during remote sensing operation the strap is
removed at the terminals and A2C2 compensates for the
inductance of long load and sense leads by acting as an ac
short at the frequencies of interest.

4.7 The series regulator also contains various protection
components such as a tharmal switch, fuses, etc. These
components are fully described in the series regulator portion
of this section.



SECTION V
MAINTENANCE

5-1 INTRODUCTION repeat the applicable portions of the performance test to

ensure that the fault has been properly corrected and that
5-2 Upon receipt of the power supply, the performance no other faults exist. Before performing any maintenance
test {paragraph 5-5) can be made. This test is suitable for checks, turn on the power supply and allow a hal f-hour
incoming inspection, !f a fault is detected in the power sup- warm-up,
ply while making the performance test aor during normal
operation, proceed to the troubleshooting procedures. 5-3 . TEST EQUIPMENT REQUIRED
After troubleshooting and repair (paragraph 5-53) perform
any necessary adjustments and calibrations {paragraph 5-77). 54 Table 5-1 lists the tast equipment required to
Before returning the power supply to normal operation, perfarm the various procedures described in this section.

Table 5-1. Test Equipment Required

REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE MODEL
Digitat Sensitivity: 100uV full scale [min.} Measure dc voltages; HP 3450E
Voltmeter Input Impedance: 10MS2 {min.) calibration procedures
Oscilloscope Sensitivity and bandwidth: Measure ripple: display HP 180C with 18214
’ 100uV/cm and 400k Hz for all transient recovery time base and 1806A
measurements except noise wavefarm; measure vertical plug-in;
spike; bmV sensitivity and noise spikes. 1803A plug-in for
20MHz bandwidth for noise spike measurement.
spike measurement,
Variable Voltage range: See paragraph 2-20. Vary ac input for line —-——
Voltage Output current: 200% (min.) of supply regulation measurement.
Transformer input current listed in paragraph 2-20.
Digital or Analog Measure ac and dc HP 3490A
Multimeter voltages, resistance. or HP 427A.
Repetitive Switching rate: 50-60Hz. Measure transient See Figure 54,
Load Switch Rise time: 2usec. recovery time,
Resistive Values: See Figures 5-1, b4, and 5-7. Power supply load James G. Biddle
Load Tolerance: 5% {Two required if resistor (Rheostat or non-inductive
rhaostat is used.} fixed resistors). Rheostat, 4 11KNSG,
Current Value: See Figure 5-7. Measure output current; Simpson Portable
Monitaring Accuracy: 1% minimum calibrate ammeter. Shunt, Madel 06704,
Resistor 50mV at 10A.
Terminating Value: 50 ohms, 1/2 watt, £ 5% Noise spike -
Resistors non-inductive. {Four required.) measurement.
Blacking Value: 0.014F, 100Vdc. Noise spike ———
Capacitors {Two required.) measurement.
&1




55 PERFORMANCE TEST

56 The following test can be used as an incaming
inspection check and appropriate partions of the test can

be repeated to check the operation of the instrument after
repairs. The tests are performed using the specified nominal
input voltage for the unit. 1f the correct result is not ob-
tained for a particular check, proceed to troubleshooting
{Paragraph 5-53).

5-7 Measurement Techniques

58 All specifications should be measured at the rear
terminals of the power supply. Also, all tests are performed
with the supply strapped for local programming and sensing,
as shawn in-Figure 3-2. !f the supply is equipped with an
HP-IB Interface (Option 001}, place the rear panel MODE
switch in the local position and check out the power supply
first. Then proceed to the checkout procedure in Appendix
A, Paragraph A-90, to test the Option 001 components.

59 Selecting A Load Resistor. Specifications are
checked with varying amounts of load resistance connected
across the supply. For most of the constant voitage tests,
the value of load resistance must be 12.52 to permit opera-
tion of the supply at its' maximum rated output voitage
{50V} and its’ 200W output current of 4A. For the constant
current tests, the 1oad resistance must be approximately

282 to permit operation at 10A {the maximum rated output
current) and 20V. The wattage rating of the foad resistance
must be at least equal to the maximurm output power of
the supply — 200 Watts.

510 Either fixed or variable (rhecstat type) load resis-
tors can be used. However, a rheostat is very convenient
when changing vaiues and for accurately setting the cutput
current of the supply. Table 5-1 lists a rheostat that is
adequate for this supply. If fixed Joad resistors are used,
their tolerance must be accounted for when evaluating

the test results.

5.11 Constant-Voltage Tests

512 Connect all of the measuring devices used in the
constant voltage performance tests directly to the power
supply sensing terminals {£8}. For best accuracy, the
sensing terminals must be used rather than the output
terminals, since the measuring instruments must be connect-
ed to the same pair of terminais to which the feedback
amplifier within the power supply is connected. This is
particularly important when measuring the regulation,
transient response, or ripple of the power supply. A
measurement made across the load includes the impedance
of the leads to the |oad and such lead lengths can easily
have an impedance several orders of magnitude greater
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than the supply impedance (typically 1 millichm at de},
thus invalidating the measurement.

5-13 To avoid mutual coupling effects, connect each
menitoring device to the sensing terminals by a separate
pair of leads. Use twisted pairs or shielded two-wire cables
to avoid pickup on the measuring leads. Connect the load
resistor acrass the output terminals as close to the supply
as possible. When measuring the constant-voltage perfor-
mance specifications set the current control at least 2% abaove
the output current the supply will draw, since the onset of
constant-current operation could cause a drop in output
voltage, increased ripple and other performance changes
not properly ascribed 1o the constant-voltage operation

of the supply.

5-14 Rated Voltage and Voltmeter Accuracy. To check
that the supply will furnish its rated output voltage, proceed
as follows:

a. Connect load resistance and digital volimeter
across rear terminals as shown in Figure 51, Set Ry to
maximum resistance, initially.

b. Turn CURRENT control fully clockwise.

¢. Turn on supply and adjust VOLTAGE cantrol
unti! front panel meter indicates exactly maximum rated

output voltage {50V,
d. Reduce resistance of R until front pane! am-

meter indicates about 4 Amps (resistance of approximately
(12.682). Ensure that supply remains in constant voltage mode.
e, Digital voltmeter should indicate 50 21V. ‘

515 Load Effect {Load Regulation}.

Definition: The change AEq T in the static value of
dc output voltage resulting from a change in load resistance
from open ciccuit to a value which yields maximum rated
output current, or vice versa.

POWER SUPPLY
UNDER TEST

+8 + - -%

{RMEOSTAT

SET 1O

12.542) DIGITAL
VOLTMETER

G
-3

Figure 5-1. Canstant-Voltage Test Setup
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516 To check the constant-voltage load effect, proceed
as follows:

a. Connect test setup shown in Figure &1,

b. Turn CURRENT control fully clockwise.

¢. Turn on supply and adjust VOLTAGE control
until digital voltmeter indicates exactly maximum rated
output {50V).

d. If necessary, repeat step d (Paragraph 5-14)
to obtain abeut 4A output current with supply in constant
voltage mode,

e. Disconnect load resistor,

f. Reading on digital voltmeter should not differ
from reading of step ¢ by more than 6mVdc.

917 Source Effect {Line Regulation).

Definition: The change AEOUT in the static value of
de output voltage resulting from a change in ac input
voltage over the specified range from low line to high
tine, or from high line to low line.

518 To check the source effect, proceed as follows:

a. Connect test setup shown in Figure 5-1,

b. Connect variable autotransformer between
input power source and power supply power input.

c. Adjust autotransformer for low line voltage
(Paragraph 2-20).

d. Turn CURRENT control fully clockwise.

e. Turn on supply and adjust VOLTAGE contro!
digital voltmeter indicates exactly maximum rated output
voltage.

f. If necessary, repeat step d {Paragraph 514}
to obtain about 4A output current with supply in constant
voltage mode,

g. Adijust variable autotranstormer for high line
voltage.

h. Digital voltmeter reading should not differ from
reading of step e by more than 8mVdec.

519 PARD (Ripple and Noise}.

Definition: The residual ac voltage superimposed on
the dc output of a regulated power supply. Ripple ang
noise measurements may be made at any input ac line
voltage combined with any de output voltage and load
current within the supply’s rating.

520 The amount of ripple and noise present on the
power supply output is measured either in terms of its rms
or {preferably) peak-to-peak value. The peak-to-peak
measurement is particularty important for apptications
where noise spikes could be detrimental ta sensitive loads
such as logic circuitry. The rms measurement is not an
ideal representation of the noise since fairly high output
noise spikes of short duration can be present in the ripple
without appreciably increasing the rms value, -
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521 Ripple Measurement Techniques. Figure 5-2A
shows an incorrect method of measuring peak-to-peak
ripple. Note that a continuous ground loop exists from the
third wire of the input power cord to the supply te the
third wire of the input power cord to the oscilloscope via
the grounded power supply case, the internal jurmper connect-
ing the power supply negative output and sensing terminals,
the wire betwaen the negative sensing terminal of the power
supply and the vertical input of the scope, and the grounded
scope case. Any ground current circulation in this loop as a
result of the difference in potential EG between the two
ground points causes an |R drop which is in series with the
scope input. This IR drop, normally having a 60Hz line
frequency fundamental, plus any pickup on the unshielded
leads interconnecting the power supply and scope, appears
on the face of the CRT. The magnitude of this resuiting
noise signal can easily be much greater than the true ripple
developed between the plus and minus sensing terminals

of the power supply and can completely invalidate the
measurement.

POWER SUPPLY CASE CSCILLOSCOPE CASE

n»:g _Li‘sc O+ ac
-S$O - ACC
sno-l—-—-—:] +O— __gﬁ g Cﬁcno
%RL VERTICAL 4
| - INPUT
| G§

A INACCURATE METHOD USING SINGLE ENDED 5COPE
GROUND CURRENT Ig PRODUCES &0 CYCLE DROP IN
NEGATIVE LEAD WHICH AQDDS TO THE POWER SUPPLY
RIPPLE DISPLAYED ON SCOPE. METHOD MAY BF ADEQUATE
UNDER CERTAIN CONDITIONS. SEE TEXT.
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GND :1 + Cr— jc E GND
- :%RL VERTICAL
G%‘ INPUT

8. RECOMMENDEL METHOD USING A DIFFERENTIAL SCOPE WITH
FLOATING INFUT. GROUND CURRENT PATH IS BROKEN, COMMON
MODE REJECTION OF JIFFERENTIAL {NPUT SCOPE IGNORES
DIFFERENCE IM GROUNO POTENTIAL OF POWER SUPPLY A

SCOPE, AND SHIELDED TWO WIRE FURTHER REDUCES $TRAY
PICK-UP ON SCOPE LEADS.

Figure 5-2. Ripple Test Setup



522 The same ground current and pickup problems
can exist if an rms voltmeter is substituted for the oscillo-
scope in Figure 5-2, However, the oscilloscope display,
unlike the true-rms meter reading, tells the observer
immediately whether the fundamental period of the signal
displayed is 8.3 milliseconds {1/120Hz) or 16.7 milliseconds
(1/60Hz). Since the fundamental ripple frequency present
on the output of an HP supply is 120Hz {due to full-wave
rectification), an oscilloscope display showing & 120Hz
fundamental component indicates a “'clean” measurement
setup, while the presence of a 60Hz fundamental usually
means that an improved setup will result in a more accurate
tand lower) value of measured ripple.

523  Although the method shown in Figure 5-2A is

not recommended far ripple measurements, it may prove
satisfactory in some instances provided certain precautions
are taken. One method of minimizing the effects of ground
current flow !IG) is to ensure that both the supply and the
test instrument are plugged into the same ac power hus.

5-24  To minimize pickup, a twisted pair or {preferably}
a shielded two-wire cable should be used to connect the
sensing terminals of the power supply to the vertical input
terminals of the scope. When using a twisted pair, take
care that the same wire is connected both to the grounded
terminal of the power supply and the grounded input
terminal of the oscilloscope. When using shielded two-wire
cable, it is essential for the shield to be connected to ground
at only one end to prevert any ground current flowing
through this shield from inducing a signal in the shielded
leads.

525 To verify that the oscillascope is not displaying
ripple that is induced in the leads or picked up from the
grounds, short the {+) scape lead to the {—} scope lead at
the power supply terminals. The ripple value obtained
when the leads are shorted should be subtracted from the
indicated ripple measurement.

B.26 If the foregoing measures are used, the single-ended
scope of Figure 5-2A might be adequate to eliminate
extraneous ripple components so that a satisfactory mea-
surement can be obtained. However, in stubborn cases or

in measurement situations where it is essential that both

the power supply case and the oscilloscope case be connect-
ed to ground (if both are rack-mounted, for example), it
may be necessary to use a differential scope with floating
input as shown in Figure 5-2B. If desired, two single-con-
ductor shielded cables may be substituted in place of the
shielded two-wire cable with equal success. Because of its
common mode rejection, a differential oscilloscope displays
only the difference in signa! between its two vertical input
terminals, thus ignoring the effects of any common mode
signal produced by the difference in the ac potential between
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the power supply case and scope case. Before using a
differential input scope, however, it is imperative that the
comman maode rejection capability of the scope be verified
by shorting together {ts two input leads at the power supply
and observing the trace on the CRT. If this trace is a straight
line, then the scope is properky ignoring any commaon mode
signal present. If this trace is not a straight line, then the
scope is Not rejecting the ground signal and must be realigned
in accordance with the manufacturer’s instructions so that
proper commaon mode rejection is attained.

527 Ripple Measurement Procedure. To check the
ripple output, proceed as follows:

a. Connect oscilloscope or rms voitmeter as shown
in Figures 5-2A or 5-2B.

b. Turn CURRENT control fully clockwise.

¢. Turn on supply and adjust VOLTAGE control
and FIL so that front panel meters indicate S0V and 4A,
as in the previous tests.

d. The chserved ripple should be less than TmV rms.

5-28 Noise Spike Measurements. An instrument of
sufficient bandwidth must be used when making a high
frequency spike measurement. An oscilloscope with a
bandwidth of 20MHz or more is adequate, Measuring noise
with an instrument that has insufficient bandwidth may con-
ceal high frequency spikes that could be detrimental to the
load.

5-29 The test setup illustrated in Figure 5-2A is generally
not adequate for measuring spikes; a differential oscilloscope
i necessary. Ft_.lrthermore, the measurement technique of
Figure B-2A must be modified as follows if accurate spike
measurement is ta be achieved:

1. Asshown in Figure 5-3, two coax cables must be
substituted for the shielded two-wire cable.

2. Impedance matching resistors must be inctuded
1o eliminate standing waves and cable ringing, and capacitors
must be connected to block de current.

3. The length of the test leads outside the coax is
critical and must be kept as short as possible. The blocking
capacitor and impedance matching resistar should be connect-
ed directly from the inner conductor of the cable to the power
supply sens‘ing terminal.

4. Notice that the shields at the power suppiy end
of the two coax cables are not connected to the pawer sup-
ply ground since such a connection would give rise to a
ground current path through the coax shield and resultin
an erronecus measurement.

5. Since the impedance matching resistors constitute
a 2-to-1 attenuator, the noise spikes observed on the oscillo-
scope should be less than BmV p-p instead of 10mV p-p.

530 The circuit of Figure 5-3 can also be used for the
rormal measurement of low frequency ripple. Simply
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Figure 5-3. Noise Spike Measurement Test Setup

remove the four terminating resistors and the blocking
capacitors and substitute a higher gain vertical plug-in for
the wide-band plug-in required for spike measurements.
Notice that with these changes, Figure 53 becomes a
two-table version of Figure 5-2B.

53 Load Transient Recovery Tima.

Definition: The time ""X" for output voltage recovery
to within "Y" millivolts of the nominal output voltage
fatlowing a "2Z'" amp step change in load current, where:
"¥'" is specified as 15mV, the nominal output voltage is
defined as the dc level halfway between the static output
voltage before and after the imposed lead change; and 2"
is the specified |oad current change of fram 50% to 100%
(or vice-versa) of maximum current rating.

532 Measurement Technigues. Care must be taken in
switching the toad 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
load switching devices are expensive if reasonably rapid
load current changes are to be achieved.

8-33 We suggest that a mercury-wetted relay connected
in the load switching circuit shown in Figure 54 be used
for {oading and unloading the supply. When this toad
switch is connected to a 60Hz ac input, the mercury-wetted
relay opens and closes 60 times per second. The 25k con-
trol adjusts the duty cycle of the toad current switching to
reduce jitter in the oscilloscope display. This relay may also
be used with a 50Hz ac input. The 1oad resistance shown

in Figure 54 is the minimum resistance that can be used
without damaging the mercury-wetted relay contacts.
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5-34 Measurement Procedure. To check the load
transient recavery time, proceed as follows:

a. Connect load resistor RL1 {Fighre 5-4) across
output of supply, Do not connect HLZ and load switch at
this time,

b. Turn CURRENT control fully clockwise and
adjust VOLTAGE control for 20V on front panel meter,

c. Next, set RL1 for approximately 482 (54 on
front panel ammeter), Enpsure that supply operates in
constant voftage mode.

d. Turn off supply and connect RL2' in parallel
with RL1 . Do not connect load switch yet,

e. Turn on supply and set FIL2 far approximately
4802 {22 total resistance across supply) and ensure that
supply provides 20V, 10A in the constant valtage mode.

t. Turn off supply and connect load switch and
load resistors as indicated in Figure 54,

g. Turn on supply and close line switch on
repetitive load switch setup.

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

i. Set vertical input of oscilloscope for ac coupling
so that small dc level changes in power supply ocutput voltage
will not cause display to shift.

j. Adjust the vertical centering on the scope so that
the tail ends of the no-doad and full-load waveforms are
symmatrically displaced about the horizontal centerline of
the oscilloscope. This centerline now represents the
nominal output voltage defined in the specification.
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Figure 54. Load Transient Recovery Time, Test Setup



k. Adjust the horizontal positioning control so that
the trace starts at a major graticule division. This paint then
represents time zero.

|. Increase the sweep rate so that a single transient
spike ¢an be examined in detail.

m, Adjust the sync controls separately for the posi-
tive and negative-going transients so that not only the
recovery waveshape but alsp as much as possible of the rise
time of the transient is displayed.

n. Starting from the major graticule dividion rep-
resenting time zero, count to the right 100usec and verti-
cally 15mV, Recovery should be within these tolerances
as illustrated in Figure 5-5.

536 Temperature Coefficient.

Definition: The change in output voltage per degree
Celsius change in ambient temperature measured while
ac line voltage, cutput voitage setting, and load resistance
are all held constant.

536 The temperature coefficient of a power supply is
measured by placing the power supply in an oven and vary-
ing it over any temperature span within its rating. [Most
HP power supplies are rated for operation from 0°C to
55°C.) The power supply temperature must be allowed to
stabilize for a sufficient time at each measurement tempera-
ture.

5-37 The temperature coefficient given in the specifi-
cations is the maximum temperature-dependent outout
voltage change which will result over any one-degree
interval. The digital voltmeter used to measure the supply’s
output voltage change should be placed cutside the oven
and should have a long-term stability adequate to insure
that its drift will not affect the overall measurement
accuracy.

5-38
follows:

a. Connect load resistance and digitat voltmeter
as illustrated in Figure 5-1.

b. Turn CURRENT control fully clockwise,

¢. Repeat steps ¢ and d of Paragraph 5-14 so that
supply provides 50V at 4A in the constant voltage mode.

d. Place power supply in temperature-controlled
oven (digital voltmeter remains outside oven). Set tempera-
ture to 30°C and allow 30 minutes warm-up.

¢. Record digital voltmeter reading.

. Raise temperature to 40°C and allow 30-
minutes warm-up.

g. Observe digital voltmeter reading. Difference in
voltage reading between steps (e} and (g) should be tess
than 102mVde.

To check the temperature coefficient, proceed as

539 Drift {Stability):
Definition: The change in output voltage for the first
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Figure 5-5. Load Transient Recovery Waveforms

eight hours following a 30-minute warm-up period. During
the interval of measurement, input line voltage, load resis-
tance, and ambient temperature, are all held constant.

840 This measurement is made by manitoring the
output of the power supply on a digital voltmeter over the
stated measurement interval. A strip chart recorder can be
used to provide a permanent record. Place a thermometer
near the supply to verify that the ambient temperature
remains constant during the period of measurement. The
supply should be tocated away from any source of stray
air currents. f possible, place the supply in an oven and
hold it at a constant temperature. Take care that the
measuring instrument has an eight-hour stability at least an
order of magnitude better than the stability specification '
of the pawer supply being tested. Typically, a supply will
drift less over the eight-hour measurement interval than
during the half-hour warm-up period.
541 To check the output stability, proceed as follows:
a. Check load resistance and digital voltmeter as
lustrated in Figure 5-1.

b. Turn CURRENT control fully clockwise.

¢. Repeat steps ¢ and d of Paragraph 5-14 so that
supply provides 50V at 4A in the constant voitage mode.

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

e. After 8 hours, digital voltmeter reading should
not differ from the step {d) reading by more than 26mVdc.

542 CONSTANT-CURRENT TESTS

543 The instruments, methods, and precautions for the
proper measurement of constant-current power supply



characteristics are for the most part identical to those al-
ready described for the measurement of constant-voltage
characteristics. There arg, however, two main differences:
first, the power supply performance will be checked
between short circuit and full load rather than apen circuit
and full load. Second, a current manitoring resistor is in-
serted between the output of the power supply and the
load resistance.

544 The total resistance of the series combination
(load and monitoring resistance} should be equal to 282

so that the supply provides 10A (maximum rated current)
at 20V. For all output current measurements, the current
sampling {monitoring} resistor must be connected as a four-
terminal device in the same manner as a meter shunt would
be. The load current is fed to the extremes of the wire
leading to the resister while the monitoring terminals are
located as close as possible to the resistance element itsetf
(see Figure 5-6). A current sampling resistor should have
low noise, low temperature coefficient {less than 30ppm/°C}
and should be used at no more than 5% of its rated power
50 that its temperature rise will be minimized.

5-45 Current Qutput and Ammeter Accuracy. To check
that the supply will furnish its rated output current,
proceed as follows:

a. Connect test setup shown in Figure 5-7. Set
R L1 and R Lzt maximum resistance.

‘b. Turn VOLTAGE control fully ¢lockwise,

¢. Turn on supply and adjust CURRENT control
until front panel ammeter indicates maximum rated output
current (10A).

d, Reduce resistance of RL1 and RL2 unti! front
panel voitreter indicates about 20V (total load resistance of
approximately 2£)). Ensure that supply remains in constant
current mode.

e. Digital voltmeter should indicate 50 £1 mVdc.

546 Load Effect {Load Reguiation).

Definition: The change A'OUT in the static value of the
dc output current resulting from a change in load resistance
from short circuit to a value which yields rated output volt-
age, or vice versa.

547 To check the constant-current load effect proceed
as follows:

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

b. Turn VOLTAGE control fully clockwise.

¢. Turn on supply and adjust CURRENT control
until front panel ammeter indicates exactly maximum rated
output current (10A),

d. 1f necessary, repeat step d {Paragraph 5-48) ta
obtain approximately 20V output with supply in constant
current mode (10A output).

e. Read and record voltage on digital voltmeter.
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f. Short circuit load resistors {R | by closing
switch 51.

9. Digital voltmeter reading should not differ from
reading of step e by more than 10uVdc.

548 Source Effect {Line Regulation).

Definition: The change Al ;¢ in the static value of dc
output current resulting from a change in ac input voltage
aver the specified range from low line to high line or from
high line to low line,

549 To check source effect, proceed as follows:
- 2. Connect test setup shown in Figure 5-7.

h. Connect variable autotransformer between input
power sgurce and power supply pawer input.

¢. Adjust autotransformer for low line input volt-
age {Paragraph 2-20).

d. Turn VOLTAGE control fully clockwise.

e. Turn on supply and adjust CURRENT control
until front panel ammeter reads exactly maximum rated
output current {10 Amperes).
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f. If necessary repeat step d {Paragraph 5-45) to
obtain approximately 20V output with supply in constant
current mode {10A output), '

9. Read and record voltage indicated on digital
voltmeter, ‘

h. Adjust autotransformer for high line,

i. Digital voltmeter reading should not differ from
reading recorded in step {g) by more than 10uVdc.

550 PARD (Ripple and Noise).

Definition: The residual ac current superimposed on
the dc output of a regulated power supply. Ripple and
noise measurement may be made at any input ac line volt-
age combined with any dc output voltage and load current
within the supply's rating.

551 Most of the instructions pertaining to the ground
loop and pickup problems associated with constant-voltage
ripple and noise measurement also apply to the measure-
ment of constant-current ripple and noise. Figure 5-8
illustrates the most important precautions tc be observed
when measuring the ripple and noise of a constant-current
supply. The presence of 2 120Hz waveform on the oscillo-
scope normally indicates a correct measurement method.
A waveshape having 60Hz as its fundamental component
usually indicates an incorrect measurement setup.

552 To check the ripple and noise, proceed as follows:

a. Connect oscilioscope or rms voltmeter as shown
in Figure 5-8A or 5-88.

b. Rotate VOLTAGE control fully clockwise.

c. Turn on supply and adjust CURRENT control
and RL 50 that front panel meters indicate 10A and approx-
imately 20V as in the previous constant current tests,

d. The observed ripple and noise should be less
than 25uVrms.

553 TROUBLESHOOTING

5-54 Before attempting to troubleshoot this instrument,
ensure that the fault is with the instrumant itself and not
with an associated circuit. The performance test enables
this to be determined without having to remove the covers
from the supply.

555 A good understanding of the principles of opera-
tion is a helpful aid in troubleshooting, and it is recommend-
ed that the reader review Section |V of the manual before
attempting to troubieshoot the unit in detail. Once the
principles of operation are understood, refer to the follow-
ing paragraphs in sequential order.

B-56 The schematic diagram {Figure 7-9} contains normal
voltage readings associated with some of the test points,
Section VI also includes waveforms for some of the key test
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Figure 5-8. Constant Current Ripple and Noise Teast Setup

paints in the control logic as well as component lgcation
diagrams 1o help the user locate the supply s components and
test points. Most of the test points used for troubleshooting
the supply are located at the A1 control board test "fingers'
which are readily accessible and clearly identified on the
hoard {see Figures 7-2 and 7-3}.

5-57 If a component is found 1o be defective, replace it and
re-conduct the performance test. When a component is
replaced, refer to the repair and adjustment portions of this
section. It may be necessary to perform one or more of the
adjustment procedures after a component is replaced.

B5.58 Initial Troubleshooting Procedures

5-58 If a trouble oceurs, follow the below steps in
sequence: -
{1) Check for obvious troubles such as a defective
power cord, an input power failure, or a defective meter.

{2) Check line fuse in rear power module. If
blown, ensure that power module board is positioned to match
input line voltage. Also, check the following for shorts:
U1-U2, A2CR1, 2, 4, and 5, A1C27-28, and A3C4-C5, or
B1.



by an incorrect dc bias or reference voltages; thus, it is
necessary to check the voltages (Paragraph 5-60) before
proceeding.

5860 Troubleshooting Test Setup. Before continuing
with troubleshooting, proceed as follows:

a. Turn off supply and disconnect all loads.

b. Connect a 160{2 (4 Watt) load resistor across
rear output terminais.

¢. Turn VOLTAGE control to mid-range {five
turns}), CURRENT contral to minimum (fully CCW) and
OVERVOLTAGE control to maximum (fully CW).

d. Turn on power and check reference voltages
as indicated in Table 5-2. When the reference voltages are
correct, proceed to Paragraph 5-61.

561 Front Panel Meter and Indicator Verification.
Because the front panel voltmeter and ammeter are used
during succeeding troubleshooting procedures, their opera-

tion must be verified before proceeding. To check the meters,

terminals and compare their readings with those of the
front panet meters. If the front panel meters are operati ng
properly, they can be used during troubleshooting. If not,
use the external meters until they can be repaired.

562 The OVERRANGE indicator (LED) is also used
to provide isolation symptoms during troubleshooting
procedures, To verify proper operation of this indicator,
turn the OVERVOLTAGE control counterclockwise until
the unit crowbars (output voltage falls to near zero). The
OVERRANGE indicator should light. If it does not, check
A1VR3 for open and the indicator itsetf. Once this indica-
tor is working properly, proceed to the overatl isolation
procedures in Figure 5-8.

563 Overall Trouble Isolation

5-64 After the reference voltage circuit has been elimi-
nated as a trouble source and operation of the front panel

meters has been verified, proceed to the isclation procedures
of Figure 5-8.

Table 5-2. Refarence Voltage Check
(All voltages measured at A1 board test fingers. See Figure 7-3).

METER METER NORMAL
STEP COMMON POSITIVE vDC CHECK AND PROBABLE CAUSE
1 +8 +9 9.2+ 064 Check for presence of +18V Unregulated. Hf absent, check
fusible links on A2 board and for open A2CR2, 3or 5, T1
or power module. If present, check for defective A1VRE,
Q8 and U9. Alsc check for shorted A1U1-U2,
2 +5 -9 9.2+£0.64 Check for presence of —18V Unregutated. If absent,
: check A2CR1, 4 for open. If present, check A1VRS,
UB. Also check for sherted A1U1-U2.
3 INBD +5 5+0.02 Check A1UBG and associated components. |f ok, check
for shorted I1C {(A1U3-UB).
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565 REPAIR AND REPLACEMENT

566 Outside Cover Removal
567 To remove the top-side cover, proceed as follows:
a. Remove ene screw in carrying handle at top-
rear of cover.
b. Slide cover toward rear of unit, then lift clear
when front of cover clears front panel casting.

568 To remove bottom cover, proceed as follows:

a. Turn supply upside down.

b. Remove one screw at rearcenter of cover.

c. Slide cover toward rear of unit until completaly
free.
5.62 A1 Control Board Removal
B-70 To remove the Al board, proceed as follows:

a. Remove bottom cover.

b. With unit upside down, remove seven 6-32
screws along edges of board and two screws near center of
board.

c. Disconnect A1 from interconnect board A2 by
lifting A1 straight up.
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577  Front Panel Removal
572 To remaove the front panel assembly, proceed
as follows:

a. Remove snap-out trim along top and bottom of
front panel casting.

b. Remove two 6-32 screws now exposed on top
and bottom of casting.

¢. Puall front panel assernbly forward and away
from unit,

573 Top and Bottom Heat Sink Removal

574 In order to gain access to the series regulating and
driver transistors the A4 and A5 heat sink boards must be
removed from the unit, as follows:

a. Remove top and bottom covers.

b. Remaove A1 control board.

c. With unit upside down, remove three 6-32 screws
in bottom frame (underneath A1 board) that fastan the three
heat sink insulating standoffs.

d. Turn unit reghtside up and pull heat sink away
from interconnect board A2 to disconnect A4 and A5
connectors.

e. Lift beat sinks out of unit.



5-76  Replacement Parts

5.76 Section V1 of this manual contains a list of replace-
able parts. If the part to be replaced does not have a standard
manufacturer’s part number, it is 3 special part and must be
obtained directly from Hewlett-Packard. Afwer replacing

a semiconductor device, refer to Table 5-3 for checks and
adjustments that may be necessary.

577 ADJUSTMENT AND CALIBRATION

578 Adjustment and calibration may be required after
performance testing, troubleshoating, or repair and replace-
ment. Perform only those adjustments that affect the oper-
ation of the faulty circuit. If more than one adjustment
will be made, they should be performed in the order in
which they appear in the following paragraphs.

B-79  Meter Zero Adjustment

580 The meter pointer must rest on the zero calibra-
tion mark on the meter scale when the instrument is at
normal operating temperature, resting in its normal opera-
ting position, and turned off. To zero the meter, proceed
as follows:

a. Connect |load resistor of value shown in Figure
5-1, turn on instrument, and allow it to come up to normal
operating temperature {about 30 minutes).

b. Turn instrument off and wait two minutes for
power supply capacitors to discharga compietely.

¢. Insert painted object {pen point or awl} into
small indentation near top of round black plastic disc loca-
1ed directly below meter face.

d. Rotate plastic disc clockwise until meter reads
Zern, then rotate counterclockwise slightly in order to free
adjustment screw from meter suspension. Pointer should
not move during latter part of adjustment,

95-81 Voltmeter Calibration

582 - Tocalibrate the voltmeter, place unit in the up-
right position and proceed as follows:

a. Connect digital voltmeter across plus and minus
output terminals of supply, observing correct polarity.

b. Turn on supply and adjust VOLTAGE control
until digital voltmeter reads exactly the maximum rated
output voltage (50V).

¢. Adjust A1R116 until front panel voltmeter also
indicates exactly the maximum rated output voltage.

583 Ammeter Calibration

584 To calibrate the ammeter, place unit in upright
position and proceed as follows:

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

t. Turn VOLTAGE control fully clockwise.

Table 5-3. Checks and Adjustments Required After Component Replacement

REFERENCE FUNCTION OR CIRCUIT CHECK ADJUST
A1U2, M1 Voltmeter Voltmeter calibration. AIRNI6
and associated

companents,

A1U2, M2 Ammeter Ammeter calibration A1R1IN1
and associated

components

AtlU1, R12- CV comparison amplifier Constant voltage programming accuracy A1R156
R15, VRE. R1

A1U1, R2, CC comparison amplifier Constant current programming accuracy A1R1, R6
VRS, R2.

A1U6 and +5V reference supply +5V £ 20mVdc A1R71
associated

compaonents

Al1U3, U4 Control logic decision 10D, and 10D, A1R71, 53, 68
and associated comparators

input components
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¢. Turn on supply and adjust CURRENT controt
and R (rheostats) so that supply is in constant current mode
and digital voltmeter reads 50mVdc.

d. Adjust A1R111 until front panel ammeter in-
dicates exactly msximum rated output current (10A).

§.B5 Constant-Voltage Programming Accuracy

5-86 The constant voltage programming accuracy adjust-
ment {at maximum output voltage) is described below.
Note that there is no adjustment for 0 volt programming
accuracy in this supply. (This adjustment can be made
externally, if required — refer to Section |11}, To adjust
the constant voltage, full scale accuracy, proceed as follows:

a. Connect digital voltmeter between +S and —S
terminals at rear.

b. Set VOLTAGE and CURRENT controls to
maximum {fully CW).

¢. Turn en supply, no load connected, and adjust
A1R15 for 50.5Vdc on the digital voltmeter.
5-87 Constant-Current Programming Accuracy
588 Maximum Qutput Current. To calibrate the
constant current programming accuracy at maximum out-
put current, proceed as follows:

a. Connect test setup shown on Figure 5-7. Load
resistance is shorted-out for this adjustment.

b. Turn CURRENT control fully clockwise and
turn on supply.

¢, Adjust ATR1 for 10.1 Ampere output current
{50.5mVd¢ indication on digital voltmeter).

d. Perform zero output current adjustment, next.

589 Zero Qutput Current. To calibrate the zero current
programming accuracy, proceed as follows:

a. Connect test setup shown on Figure 5-7.

b. Turn VOLTAGE contro! fully clockwise,

. €. Turn CURRENT control fully CCW {minimum].

d. Adjust A1R6 for O £ 5QuVdc indication on
digital voltmeter,

e. Repeat maximum gutput current adjustment,
steps a through ¢, and readjust if necessary.
5-90 +5V Reference Voltage Adjustment
561 This adjustment should be performed, if any
component in the +6V reference supply is replaced. Proceed
as follows:

a. Turn on supply, and with no load connected, set
VOLTAGE control to 50V,

b. Connect digital valtmeter between +6V and
INBD {TP7 and 5) test fingers on A1 control board
{Figure 7-3).
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¢. Adjust A1R71 {cireuit side of A1 board) for
5 £ 0.02Vdc indication on digital voltmeter.

5.92 Calibration of Qutput Current Decision
Points

5-93 The following adjustments set the IOD.I and IODz
decision points (shown on Figure 4-3) which in turn establish
the 200 Watt operating curve. These adjustments are per-
formed at the factory and should not require readjustment
unless certain logic circuit components are replaced (see
Table 5-3}) or the 10D adjustment potentiometer settings
shift due to vibration, etc. Both 10D adjustments must

be done together.

NOTE

Befare adjusting the 10D decision points,
the +5Vdc reference must be checked and
adjusted, if necessary.

594 |OD1 Adjustment. To adjust the I0D1 decision
point, proceed as follows:

a. Connect external current monitoring resistor
and digital voltmeter across output terminals as shown in
Figure 6-7 (load resistors R 4 and R 2 are not required
for this adjustment).

b. Connect dc coupled oscilloscope between ICID.l
and IN8BD ( [T ) test fingers on A1 control board.

¢. Connect variable auto transformer between
input power source and power supply ac input.

d. Adjust autotransformer to nominal line (115Vac
for 120Vagc input),

e. Turn VOLTAGE controf fully CW,

f. Turn on supply and adjust CURRENT control
for exactly 4.9A output current {24.5mVdc indication on
digital voltmeter}.

g. Adjust AtR53 {circuit side of Al board) to
obtain a high IC!'D.| logic level {approximately +4.5V) on
scope. Next, turn A1R53 in opposite direction until logic
level switches from high to low (approximately 0.5V) on
oscilloscope. (R53 must be set exactly at switching point).

h. Adjust CURRENT contral for 5.3A output
current {26.5mVdc on digital voltmeter),

i. Observe IC}D.| logic level on oscilloscope. It
should now be high {(4.5V). If logic level is still low, steps
f through i must be repeated.

596 10D, Adjustment. To adjust the i0D decision
point proceed as follows:

a. Repeat steps a through e of the preceeding
adjustment except connect oscilloscope between IDD2 and
INBD test fingers on Al board.



b. Adjust CURRENT control for exactly 7.5A
output current {37.5mVdc on digital voltmeter).

c. Adjust ATR5E to abtain high 10D2 iogic level
{+4.5V} on scope. Turn A1R58 in apposite direction until
logic level switches from high to Yow {0.5V} on scope. (RE8B
must be set exactly at switching point.)
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d. Adjust CURRENT contral for 8.1A cutput
current {(40.5mVde on digital voltmeter),

e. Observe IOD2 logic level on scope. 1t should
now be high {about 4.5V). if logic level is still low, repeat
steps b through e.



SECTION Vi
REPLACEABLE PARTS

6-1 INTRODUCTION

62 This section contains information for ordering re-
placement parts. Table 6-4 lists parts in alpha-numeric order
by reference designatars and provides the following informa-
tion:

a. Reference Designators. Refer to Table 6-1.

b. Description. Refer ta Table 6-2 for abreviations.

¢. Tota! Quantity (TQ). Given onby the first time
the part number is listed except in instruments cantaining
many sub-modular assemblies, 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 manutacturer’s name and address.

f. Hewlett-Packard Part Number.

g. Recommended Spare Parts Quantity (RS} for
complete maintenance of ane instrument during one year of
isolated service.

h. Parts not identified by a reference designator
are listed at the end of Table 6-4 under Mechanical and/or
Miscellaneous. The former consists of parts belonging to and
grouped by individual assemblies; the latter consists of all
parts not immediately associated with an assembly.

6-3 ORDERING INFORMATION

6-4 To order a replacement part, address order or in-
quiry to your local Hewlett-Packard sales office (see lists at
rear of this manual for addresses). Specify the following
infarmation for each part: Model, complete serial number,
and any Option or special moditication (J) numbers of the
instrument: Hewlett-Packard part number; circuit reference
designator; and description. To order & part not listed in
Table 6-4, give a complete description of the part, its func-
tion, and its locatian. .

Table 6-1. Reference Designators

A = assembly E = miscell aneous

8 = blower {fan) electronic part

C = capacitor F = fuse

CB = circuit breaker J = jack, jumper

CR =dicde K = relay

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

Table 6-1. Reference Designators |Continued)

g

P = plug . v = vacuum tube,

Q = transistor neon bulb,

R = resistor photocell, etc.

S = switch VR = zener diode

T = yransformer X = sacket

T8 = terminal block 4 = integrated cir-

TS = thermal switch cuit or network
Table 6-2. Description Abbreviations

A =ampere mod. = modular or

ac = alternating current modified

assy. = assembly mtg = mounting

bd =board n =nano= 10"

bkt = bracket

©°C = degree Centigrade

ed =card

coef = coefficient

comp = composition

CRT = cathode-ray tube

CT = center-tapped

dec = direct current

DPDT= double pole,
doubie throw

DPST = double pole,
single throw

elect = electrolytic

encap= encapsulated

F = farad

OF = degree Farenheit
fxd = fixed

Ge = germanium

H = Henry

Hz = Hertz

IC = integrated circuit
ID = inside diameter
inend = incandescent

k  =kilo=103

m = milti = 10

M  =mega= 108

U = micro= 10"
met. = metal

mfr = manufacturer

NC = normally closed
NO = normally open
MNP = mnickel-plated

2  =ochm

obd = order by
description

0D = outside diameter

p = pico = w0

P.C. = printed circuit

pot. = potentiometer

pp = peak-to-peak

ppm = parts per million

pvr = peak reverse
voltage

rect = rectifier

fms = root mean square

Si =silicon

SPDT= single pole,
double throw

SPST = single pole,

single throw
§5 = small signal
T = slow-blow
tan. = tantulum
Ti = titanium
v = volt

var = variable
ww = wirewound
W = Watt




Table 6-3. Code List of Manufacturers

CODE MANUFACTURER ADDRESS CODE MANUFACTURER ADDRESS
00629 EBY Sales Co., Inc. Jamaica, N.Y. 07137 Transistor Electronics Corp.
00656 Aergvox Corp. New Bedford, Mass. Minneapolis, Minn,
00853 Sangamo Electric Co. 07138 Westinghouse Electric Corp. Eimira, N.Y.
5. Carolina Div. Pickens, 5.C. 07263 Fairchild Camera and Instrument
o2 Alters Bradley Co. Milwaukee, Wis. Mountain View, Calif.
01255 Litton Ind. Bewverly Hills, Calif. 07387 Birtcher Corp., The Los Angeles, Calif.
01281 TRW Semiconductors, Inc. 07387 Sylvania Electric Prod. Inc,
Lawndale, Calif. ’ Mountainview, Caiif.
01295 Texas Instruments, Ine, Dallas, Texas 07716 'RC Div. of TRW Inc. Burlington, lowa
01686 RCL Electronics, Inc.  Manchester, N H. 07910 Continental Device Corp.
01930 Amerock Corp. Rockford, NI Hawthorne, Calif.
02107 Sparta Mfg. Co. Daver, Ohio 07933 Raytheon Co. Components Div.
02114 Ferroxcube Corp. Saugerties, N.Y, Mountain View, Calif.
02606 Fenwal Laboratories Morton Grove, [l 0B484 Breeze Corporations, Inc. Union, N.J.
02660 Amphenol Corp. Broadview, . 0B530 Reliance Mica Corp. Brooklyn, N.Y.
02735 Radio Corp. of America, Solid State and 08717 Sloan Company, The  Sun Valley, Calif.
Receiving Tube Div.  Somerville, N.J. 08730 Vemaline Products Co. Inc.
03508 G.E. Semiconductor Products Dept. Wyckoff, N.J,
Syracuse, N.Y. 08806 General Elect. Co. Minature
03797 Eldema Carp. Compton, Calif. Lamp Dept. Cleveland, Ohio
03877 Transitron Electronic Corp. 08863 Nylomatic Corp. Norrisville, Pa.
Waketield, Mass, 08919 RCH Suppty Co. Vernon, Calif.
03888 Pyrafilm Resistor Co., Inc. 09021 Airco Speer Electronic Components
Cedar Knalls, N.J. Bradfard, Pa.
04009 Arrow, Hart and Hegeman Electric Co. 09182 “Hewlett-Packard Co. New Jersay Div.
Hartford, Conn. Rockaway, N.J.
04072 ADC Electronics, Inc. Harbar Gity, Calif. 09213 General Elect. Co. Semiconductor
04213 Caddall & Burns Mfg. Co. Inc, Prod. Dept. Buffalo, N.Y.
Mineola, N.Y. 09214 General Elect. Co. Semicenductor
04404 "Hewlett-Packard Co. Paio Altg Div. Prod. Dept. Auburn, N.Y.
Palo Alto, Calif. 09353 C & K Components Inc.  Newton, Mass.
04713 Motorala Semiconductor Prod. Inc. 09922 Burndy Carp. Norwalk, Conn.
Phoenix, Arizona 11115 Wagner Electric Corp.
05277 Westinghouse Electric Corp. Tung-Sof Div. Bloomfield, N_J.
Semiconductor Dept. Youngwood, 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, Caiif.
06001 General Elect. Co. Electronic 11502 IRC Div. of TRW inc. Boone, N.C.
Capacitor & Battery Dept.  Irmo, S.C. 11711 General Instrument Corp.  Newark, N_J.
06004 Bassik Div. Stewart-Warner Corp. 12136 Philadelphia Handle Co.  Camden, N.J.
Bridgeport, Conn. 12616 U.S. Terminals, In¢. Cincinnati, Chio
06486 IRC Div. of TRW inc. 12617 Hamiin Inc. Lake Mills, Wisconsin
Semiconductor Plant Lynn, Mass. 12697 Clarostat Mfg. Co. Inc. Dover, N.H.
06540 Amatom Electronic Hardware Co. Inc. 13103 Thermalloy Co. Datlas, Texas
New Rochelle, N.Y. 14493 "Hewlett-Packard Co. Loveland, Colo.
De555 Beede Electrical Instrument Co. 14655 Corneli-Dubilier Electronics Div.
Penacoak, M.H. Federal Pacific Electric Co.
06666 Generat Devices Co. Indianapolis, ind. Newark, N_J.
06751 Semoor Div. Components, Inc. 14936 General Instrument €orp. Semicon-
Phoenix, Arizona ductor Prod. Group  Hicksvilte, N.Y.
16776 Robinson Nugent, Inc. New Albany, N.Y. 15801 Fenwal Elect. Framingham, Mass.
06812 Torrington Mfg. Co. Van Nuys, Calif. 16299 Corning Glass Works Raleigh, N.C.

"Use Code 28480 assigred to Hewlett-Packard Co., Palo Alto, California
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Table 6-3. Code List of Manufacturers

CODE MANUFACTURER ADDRESS CODE MANUFACTURER ADDRESS
16758 Delco Radio Div. of General Motors 59730 Thomas and Betts Co.  Philadelphia, Pa.
Corp. Kokomo, Ind. 61637 Union Carbide Corp. New York, N.Y.
17545 Atlantic Semiconductors, inc. 637423 Ward Leonard Electric Co.
Asbury Park, N.J. Mt. Vernon, N.Y.
17803 Fairchild Camera and tnstrument Corp. 70563 Amperite Co. Inc. Union City, N.J.
Mountain View, Calif. 70801 Beemer Engrg Co.
17870 Daven Div. Thomas A. Edison Industries Fort Washington, Pa.
MeGraw-Edison Co. Crange, N.J. 70903 Belden Corp. Chicago, 1ll.
18324 Signetics Corp. Sunnyvale, Calif. 71218 |. Bud Radio, Inc. Willoughby, Chio
19315 Bendix Corp. The Navigation and 71279 Cambridge Thermionic Corp.
Caontrol Div. Teterboro, N.J. Cambridge, Mass.
19701 Electra/Midland Corp. 71400 Bussmann Mfy. Div.of McGraw &
Mineral Wells, Texas Edison Co. St. Louis, Mo.
21520 Fansteel Metallurgical Corp. 71450 CTS Corp. Elkhart, Ind.
Na. Chicago, lik. 71468 I.T.T. Cannon Electric Inc.
22229 Union Carbide Corp. Electronics Div. Los Angeles, Calif.
Mountain View, Galif. 71590 Globe-Union Inc.
22753 UID Electronics Corp.  Hellywood, Fla. Milwaukee, Wis.
23936 Pamotor, Inc. Pampa, Texas 71700 General Cable Corp. Cornish
24446 General Eiectric Co.  Schenectady, N.Y. Wire Co. Div. Williamstown, Mass.
24455 General Electric Co. 71707 Co1o Coil Co. Inc. Providence, R.I.
Nela Park, Cleveland, Ohio 71744 Chicago Miniature Lamp Works
24655 General Radio Co. West Concord, Mass. Chicago, Ill.
24681 LTV Electrosystems Inc. Memcor/Com- 71785 Cinch Mfg. Co. and Howard
ponents Operations  Huntington, Ind. B. Jones Div. Chicago, Il
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. Willimantic, Conn.
28480 Hewlett-Packard Co. Palo Alto, Calif. 72619 Dialight Corp. Brooklyn, N.Y.
28520 Heyman Mfg. Co. Kenilworth, N.J. 72699 General Instrument Corp.  Newark, N.J.
28875 IMC Magnetics Corp. Rochester, N.H. 72765 Drake Mfg. Co. Harwood Heights, I1i.
31514 SAE Advance Packaging, Inc. 72962 Elestic Stop Nut Div. of
Santa Ana, Calif. Awmerace Esna Corp. Unian, N.J.
31827 Budwig Mfg. Co. Ramona, Calif. 72982 Erie Technotogical Products
373 G.E.Co. Tube Dept.  Owensboro, Ky. Erie, Pa.
35434 Lectrohm, Inc. Chicago, III. 73006 Hart Mig. Co. Hartford, Conn.
37942 P.R. Mallory & Co. Indianapotis, Ind. 73138 Beckman Instruments
42190 Muter Co. Chicago, Il Fullerton, Calif.
43334 New Departure-Hyatt Bearings Div. 73168 Fenwal, Inc. Ashland, Mass.
General Motors Corp. 73293 Hughes Aircraft Co. Electran
Sandusky, Ohio Dynamics Div. Torrance, Calif.
44655 Ohmite Manufacturing Co. Skokie, 1. 73445 Amperex Electronic
46384 Penn Engr. and Mfg. Corp. Hicksville, N.¥.
Doylestown, Pa, 73506 Bradley Semiconductor Corp.
47804 Potaroid Corp. Cambridge, Mass. New Haven, Conn.
49956 Raytheon Co. Lexington, Mass. 73559 Carling Electric, Inc. Hartford, Conn.
55026 Simpson Electri¢ Co. Div. of American 73734 Federal Screw Products, Inc.
Gage and Machine Co. Chicago, 11, Chicago, I1.
56289 Sprague Electric Co. 74193 Heinemann Electric Co. Trenton, N.J.
North Adams, Mass. 74545 Hubbell Harvey Inc. ~ Bridgeport, Conn.
58474 Supenor Electric Co. Bristol, Conn. 74868 Amphenol Corp. Amphenal RF Div.
58849 Syntron Div. of FMC Corp. Danbury, Conn.
Homer City, Pa. 74970 E.F. Johnson Co. Waseca, Minn.
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Table 6-3. Code List of Manufacturers

CODE MANUFACTURER ADDRESS cabe MANUFACTURER ADDRESS
75042 IRC Div. of TRW, Inc.  Philadelphia, Pa. 82866 Research Products Corp.  Madison, Wisc.
75183 "Howard B. Jones Div. of Cinch 82877 Rotren Inc. Woodstock, N.Y.
Mig. Corp. New York, N.Y. 82893 Vector Electronic Co.  Glendale, Calif.
75376 Kurz and Kasch, Inc. Dayton, Ohic 33058 Carr Fastener Co. Cambridge, Mass.
75382 Kilka Electric Corp. Mt. Vernon, N.Y_ 83186 Victory Engineering Springfield, N.J.
75915 Littlefuse, Ing. Des Plaines, . 83298 Bendix Corp. Eatontown, N.J. -
76381 Minnesota Mining and Mfg. Co. 83330 Herman H. Smith, Inc.  Broaklyn, N.Y.
St. Paul, Minn. 83385 Central Screw Co. Chicago, 1.
76385 Minor Rubber Co. Inc.  Bloomfield, N.J. 83501 Gavitt Wire and Cable  Brook field, Mass.
76487 James Millen Mfg. Co. Inc. Malden, Mass. 83508 Grant Pulley and Mardware Co.
76493 J.W. Mitles Co. Compton, Calif. Wast Nyack, N.Y.
76530 Cinch City of Industry, Calif. 83584 Burroughs Corp. Plainfield, N.J.
76854 Oak Mfg. Co. Div. of Qak Electro/ 83835 U.5. Radium Corp. Morristown, N.J.
Netics Corp. Crystal Lake, lli. 83877 Yardeny Laboratories  New York, N.Y.
77068 Bendix Corp., Electrodynamics Div, 841 Arco Electronics, Inc.  Great Neck, N.Y,
No. Hollywood, Calif. 84411 TRW Capacitor Div. Ogatlala, Neb.
77122 Palnut Co. Mountainside, N_J. 86684 RCA Corp. Harrison, N.J.
77147 Patton-MacGuyer Co.  Providence, R.I. 86838 Rummel Fibre Co. Newark, N.J.
77221 Phaostron Instrument and Electronic Co. 87034 Marco & Oak Industries  Anaheim, Calif.
South Pasadena, Calif. 87216 Philca Corp. Lansdale, Pa.
77252 Philadelphia Steel and Wire Corp. 87685 Stockwell Rubber Co.  Philadelphia, Pa.
Philadelphia, Pa. 87929 Tower-Olschan Corp.  Bridgeport, Conn.
77342 American Machine and Foundry Co. 88140 Cutler-Hammer Inc. Lincoln, IIl.
Princeton, Ind. 88245 Litton Precision Products Inc, USECO
77630 TRW Electronic Components Div, Van Nuys, Calif.
Camden, N.J. 90634 Gulton Industries Inc. Metuchen, N.J.
77764 Resistance Products Co.  Harrisburg, Pa. 90763 United-Car Inc. Chicago, 111
78189 Ilingis Tool Works Ine. Eigin, 1. 91345 Miller Dial and Nameplate Co.
78452 Everlook Chicago, Inc. Chicaqo, ili, El Monte, Caiif.
78488 Stackpole Carbon Co. St. Marys, Pa. 91418 Radio Materials Co. Chicago, Iit.
78526 | Stanwyck Winding Div. San Fernanda 81506 | Augat, Inc. Attieboro, Mass.
Electric Mfg. Co. inc. Newburgh, N.Y. 918637 Dale Electrenics, Inc. Columbus, Neb.
78553 Tinnerman Praducts, Inc. Cleveland, Chio 91662 Eico Corp. Willow Grove, Pa.
78584 Stewart Stamping Corp.  Yonkers, N.Y. 91929 Honeywell Inc. Freeport, lil.
79136 | Waldes Kohinoor, Inc. LIC., N.Y. 92825 | Whitso, Inc. Schiller Pk., Il
79307 | Whitehead Metals Inc.  New York, N.Y. 93332 | Sylvania Electric Prod.  Woburn, Mass.
79727 Continental Wirt Electranics Corp. 93470 | Essex Wire Corp. Mansfield, Ohio
Philadelphia, Pa. 94144 Raytheon Co. Quincy, Mass.
79963 Zierick Mfyg. Co. Mt. Kisco, N.Y, 94164 Wagner Electric Corp.  Livingston, N.J.
80031 Mepco Morristown, N.J. 94222 Southco inc. Lester, Pa.
80294 Bourns, Inc. Riverside, Calif. 95263 Leecraft Mfg. Co. Inc. L.I.C., N.Y.
81042 Howard Industries Racine, Wisc. 85354 Methode Mfg. Co.  Rolling Meadows, 1I1.
81073 Grayhill, Inc. La Grange, lIt, 95712 Bendix Corp. Franklin, Ind.
81483 International Rectifier El Segundo, Calif. 95987 Weckesser Co. inc. Chicaga, lIl.
81751 Columbus Electronics Yonkers, N.Y, 96791 Amphenogi Corp. Janesvilie, Wis.
82099 Goodyear Sundries & Mechanical Co. Inc. 97464 industrizl Retaining Ring Co.
New York, N.Y. Irvington, N.J.
82142 Airco Speer Electronic Components 97702 IMC Magnetics Corp. Westbury, N.Y .
Du Bois, Pa. 98291 Sezlectro Corp. Mamaroneck, N.Y.
82219 Sylvania Eteciric Products Inc. 98410 ETC Inc. Cleveland, Ohio
Emporium, Pa. 98978 international Electronic Research Corp.
823B0 Switcheraft, Inc. Chicago, lI, Burbank, Calif.
82647 Metais and Controls Inc. Attleboro, Mass. 99934 Renbrandt, Inc. Boston, Mass.

*Use Code 71785 assigned to Cinch Mfq. Co., Chicago, 111




Table 6-4. Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ |{ MFR. PART NO. CODE PART NO. RS

A1 Control Board (See Note 1)
C1 fxd, polyester .015:F 200V 1 AEN4C183KT 06001 0160-0194 1
c2 fxd, polyester .22uF BOV 1 192P2249R8 56289 0160-2453 1
Cc3 fxd, polyester 6800pF 200V 1 AE13C682KT 06001 0160-0159 1
c4 fxd, polyester .022uF 200V 1 192P22392 56289 0160-0162 1
C5,6 fxd, tant 22uF 15V 2 1500226 X9015B8-DS2 56289 0180-0228 1
Cc7 fxd, polyester 2200pF 200V 1 292P22292 56289 0160154 1
Cc8 MNot Used :
Cco fxd, cer. .01F 1000V 1 28480 0150-0012 |1
c10, 11 Not Used
c12 fxd, tant 180uF 6V 3 160D187X0006R2-DYS | 56289 0180-1702 1
13 fxd, tant 100uF 10V 1 150D107X0Q10R2.DYS | 56289 0180-0137 1
Cl14 fxd, tant 180uF 6V 150D187 X0006R2-DYS | 56289 0180-1702
C1§ fxd, mica 56QpF 300V 1 obd 72136 0140-0178 1
ci16 Not Used
C17 fxd, tant 180uF BV 150D187X0006R2-DYS | 56289 0180-1702
c18-22 Not Used
c23 fxd, mica 220pF 300V 1 cbd 09023 0160-0134 1
c24 fxd, tant 1uF 50V 1 1650D106X0050A2-DYS | 56289 0180-0230 |1
C25 fxd, cer. 0.47uF 25V 1 5C11B7-CML 56289 0160-0174 1
C26 fxd, mica 100pF 500V 2 ohd 72136 0160-2008 1
Cc27,28 fxd, alum, 2000uF 28V 2 D44591-.DFP 656289 0180-1916 1
C29, 30 Not Used '
c31 fxd, mica 100pF 500V obd 72136 0160-2006
C32 fxd, tant 2.2uF 20V 1 150D226X0020A2-DYS | 56289 0180-0155 | 1
C33 fxd, tant 6.8uF 35V 1 150D685X903562 56289 0180-0116 1
CR1 diode, switching 80V 200mA 8 1N4148 - 07263 1901-0050 {E
CR2,3 diode, Si. 200ma 180V 6 1N485 1901-0033 |6
CR4 diode, switching 80V 200mA TN4148 07263 1901-0050
CRS5-8 diode, 5i. 200mA 180V 1N48E 1901-0033
CR9 diode, switching 80V 200mA 1N4148 07263 1901-0050
CR10 diode, Schottky barrier 1 28480 1901-0518 |1
CR11 diode, switching 80V 200mA 1N4148 07263 1901-0050
CR12 diode, rectifier 200V 1A 1 1N5059 03508 1901-0327 1
CR13 diode, stabistor 15V 150mA 1 STB-523 03508 1901-0460 1
CR14, 15 Not Used
CR16, 17 diode, switching 80V 200mA 1N4148 07263 | 1901-0050
CR18-20 Not Used
CR21, 22 diode, switching 80V 200mA 1N4148 07263 1801-0050
37 Connector 21 pin 1 872364 Amp Inc.| 1251-4658 1
J8 Connector 5 pin 1 2-87236-0 Amp Inc.| 12514657 1
P6 Connector PC edge 36 pin 1 252-18-30-240 71785 12561-2134 1
al, 2 S5 NPN Si 5 2N3391 1854-0071 5
Qz SS NPN Si 1 2N2222A 1864-0477 1
Q4 5SS PNP Si 1 TZ173 86289 1853-0099 1
Q5 S5 PNP Si 1 2N2907A 1853-0281 1
Qé, 7 SS PNP Si 2 2N3906 1853-0036

Note 1: This assembly is designed for component level repair.

6-5

Replacement assemblies cannot be supplied.




Table 6-4.

Replaceabie Parts

MFR.

REF. HP
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE PART NO. | RS
08 S5 NPN Si 1 28480 18540448 | 1
Qo SS NPN Si 1 MJE-182 04713 18540585 | 1
Q1012 S5 NPN Si 2N3391 1854.0071
R1 var, ww Sk 5% 1 CT-106-4 84048 21001760 | 1
R2 fxd, ww 10k 5% 3W 1 RS-28 91637 0811-1816 | 1
R3 fxd, ww 15 5% 3W 1 RS-28 91637 08111557 | 1
R4 fxd, comp. 8.2k 5% 1/2W 2 | EB-8225 012 0686-8225 | 1
RS fxd, film 34.8k 1% 1/8W 1 CEAT-O 07716 07570123 | 1
R6 var, ww 100 5% 1 CT-106-4 84048 2100-1785 | 1
R7,8 fxd, film 2.49k 1% 1/8W 4 |CEATO 07716 06984435 | 1
Rg, 10 MNot Used
R11 txd, comp 240 5% 1/2W 2 | EB-2415 01121 0686-2415 | 1
R12,13 fxd, ww 2.8k 5% 3W 2 RS-28 91637 0811-1808 | 1
R14 fxd, ww 4.3k 5% 3W 1 RS-28 91637 08111811 | 1
R15 var. ww 2k 5% 1 CT-1064 84048 2100-1523 | 1
R18, 17 Not Used
R18 ixd, film 1k 1% 1/8W 2 |CEATO 07716 0757-0280 | 1
R19 fxd, ww 1K 5% 3W 1 RS-2B 91637 0813-.0001 | 1t
R20 Not Used
R21 fxd, film 3.01k 1% 1/8W 2 |CEAT-O 07716 07570273 | 1
R22 fxd, comp B.2k 5% 1/2W EB-8225 01121 0686-8225
R23 fxd, comp 240 5% 1/2W EB-2415 01121 0686-2415
R24 xd, comp 360 5% 1/2W 2 |EB-3615 01121 06863615 | 1
R25 xd, comp B20 5% 1W 1 GBe-8215 01121 0689-8215 | 1
R26 fxd, comp 560 5% 1/2W 1 EB-5615 01121 0686-5615 | 1
R27 fxd, film 15k 1% 1/8W 1 CEA T-0 07716 07570446 | 1
R28 fxd, comp 1.2k 5% 1/2W 1 EB-1225 01121 0686-1225 | 1
R29 fxd, film 100 5% 1/4W 1 CB-10156 o121 0683-1015 1
R30 fxd, comp 15 5% 1/2W 1 EB-1505 01121 0686-1505 | 1
R31 fxd, comp 2k 5% 1/2W 1 EB-2025 o2 0686-2025 | 1
R32 fxd, comp 22 5% 1/2W 1 EB-2205 01121 0686-2205 | 1
R33 fxd, ww 500 5% 5W 1 RS-5 91637 08111858 | 1
R34, 35 Not Used
R36 fxd, film 100k 0.1% 1/8W 1 CEA-993 07716 06984158 | 1
R37 fxd, film 9k 0.1% 1/8W 2 | CEA-093 07716 0698-5454 | 1
R38, 39 xd, film 50k 0.1% 1/8W 2 | CEA-993 07716 0698-5450 | 1
R40 fxd, film 2.37k 1% 1/8W 1 CEA T-O 07716 0698-3150 | 1
R4 fxd, film 10k 0.1% 1/8W 1 CEA-893 07716 06984157 | 1
R42 fxd, film 9k 0.1% 1/8W CEA-993 07716 0698-5454
RA3 Not Used
R44 fxd,fitm 21.5k 1% 1/8W 2 |CEAT-O 07716 0757-0199 | 1
R45 fxd, film 1.5M 5% 1/4W 1 CB-1555 07716 0683-1555 | 1
R46 fxd, film 6.19k 1% 1/8W 3 CEA T-O 07716 0757-0290 1
R47 fxd, film 100k 1% 1/8W 3 |CEATO 07716 0757-0465 | 1
R48 fxd, film 2.49k 1% 1/8W CEA T-0 07716 06984435
R49 fxd, film 6.19k 1% 1/8W CEA T-O 07716 0757-0290
R50 xd, fitm 11,3k 1% 1/8W 2 | CEATO 07716 06984121 | 1
RE1 fxd, film 909 1% 1/8W 1 CEA T-O 07716 0757-0422 | 1
"R52 fxd, film 1.1k 1% 1/8W 3 |CEAT-D 07716 0757-0424 | 1
RB3 var. ww 250 20% 5 TYPE 110 11236 2100-0439 1
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Table 64. Replaceable Parts
REF, MFR. HP
DESIG. DESCRIPTION TQ MFR. PART NO. CODE PART NO RS
R54 fxd, film 11.3k 1% 1/8W CEAT-O 07716 0698-4121
RS5 fxd, film 340k 1% 1/8W 2 CEAT-O 07716 06984536 1
R56 fxd, film 1.1k 1% 1/8W CEATO 07716 0757-0424 1
R57 fxd, film 1.5k 1% 1/8W 1 CEAT-O 07716 0757-0427 1
R58 var. ww 250 20% TYPE 110 11236 2100-0439
RS9 fxd, film 200k 1% 1/8W 2 CEAT-Q 07716 0757-0472 1
R60 fxd, film 8.66k 1% 1/8wW 1 CEAT-O Q7716 0698-3498 1
RB1 fxd, film 42.2k 1% 1/8W 2 CEAT-O 7716 0698-3450 1
RG2 fxd, film 1M 5% 1/4W 2 CB-1055 01121 0683-1065 1
R63 fxd, film 68.1k 1% 1/8W 1 CEAT-O 07716 0757-0461 1
R64-866 fxd, comp. 10k 5% 1/4W 7 CB-1035 01121 0683-1035 2
R67 fxd, film 200k 1% 1/8W CEAT-O 07718 0757-0472
R68 fxd, film 392 1% 1/8W 1 CEAT-O 07716 0757-0413 | 1
R69 Not Used
R70 fxd, film 1M 5% 1/4W CB-1055 o121 0683-1055
R71 var. ww 250 20% TYPE 110 11236 2100-0439
R72 fxd, film 1.1k 1% 1/8W CEAT-O 07716 0757-0424
R73 fxd, comp 10k 5% 1/4W CB-1035 o112 0683-1035
R74 fxd, film 13.3k 1% 1/BW 2 CEATO 07716 07570289 )
R75 fxd, film 100k 1% 1/8W CEATO 07716 0757-0465
R76-78 Not Used
R79 fxd, comp. 1k 5% 1/4W 1 CB-1025 o121 0683-1026 | 1
R8O fxd, fiim 42.2k 1% 1/8W CEATO 07716 0698-3450
R81 fxd, film 13.3k 1% 1/8W CEAT-O Q7716 0757-0465
RB82 fxd, film 21.5k 1% 1/8W CEAT-O 07716 0757-0199
R83-85 Not Used
R86 fxd, film 348 1% 1/4W 1 CEB T-O 07716 0698-3445
R87 fxd, film 3.01k 1% 1/8W CEAT-O 07716 0757-0273
R88 fxd, film 6.19k 1% 1/8W CEAT-O 07716 0757-0290
R8% fxd, comp 1k 5% 1/2W 2 EB-102& 011N 0686-1025
ROO fxd, comp. 10k 5% 1/4W CB-1035 01121 0683-1035
R91 fxd, comp. 10 5% 1/2W 1 EB-1005 01121 0686-1005
RS2 Not Used
RO3 fxd, fitm 2.49k 1% 1/8W CEAT-O 07716 06984435
R94 fxd, film 1.2k 1% 1/8W 1 CEAT-O 07716 0757-0274 1
R95 fxd, film 332 1% 1/8W 2 CEAT-O 07716 0757-0411 1
R96 fxd, comp. 1.3k 5% 1/2W 1 EB-1325 01121 0686-1325 1
RO7 fxd, comp 1k 5% 1W 2 GB-1025 01121 0689-1025 | 1
RO8 fxd, comp. 1k 5% 1/2W CB-1035 o2 0686-10256
K99, 100 fxd, comp. 10k 6% 1/4W CB-1035 o121 0683-1035
R101 fxd, filtn 31.6k 1% 1/8W 1 CEATO 07716 0698-3160
R102 fxd, film 340k 1% 1/8W CEAT-O 07716 06984536
R103 fxd, film 1k 1% 1/8W CEAT-O 07716 0757-0280
‘R104 fxd, film 100k 1% 1/8W CEAT-O 07716 0757-0465
R105 -fxd, ww 610 5% 2W 1 TYPE BWH 75042 0811-1766 1
R106 fxd, comp. 610 5% 1W 1 GB-511%5 o121 0689-511% 1
R107 fxd, comp 6.8 5% 1/2W 1 EB-BBGS 01121 (688-5626 1
R108 fxd, comp. 1k 5% 1W GB-1026 o111 0689-1025
R108 ixd, comp. 3.3 5% 1/2W 1 EB-0335 01121 0686-0335 | 1
R110 fxd, comp. 360 5% 1/2W EB-3615 o122 0686-3615
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Table 6-4. Replaceable Parts

REF. MFR. HP

DESIG. DESCRIFTION TOQ MFR. PART NO. CODE PART NC. | RS
R111 var. ww 250 20% TYPE 110 11236 2100-0439
R112 fxd, film 432 0.5% 1/8W 1 CEA-983 07716 0698-4186 | 1
R113 fxd, met, oxide 23k 2% 2W 1 RG4?2 11502 0763-0004 | 1
R114 fxd, film576 1% 1/8W 1 CEAT-O 07716 0698-4457 1
R115 fxd, film 332 1% 1/8W CEAT-O 07716 0757-0411
R116 var. ww 250 20% TYPE 110 11236 | 2100-0439
T pulse transformer 1 28480 5080-1863 | 1
ut, 2 Dual linear op ampl. IC 2 | Mciasg” 02735 1826-0143 | 2
u3 Quad linear op ampl. IC 1 §L24958 27014 1826-0138 1
U4 Quad Z-input NAND IC 1 CD4o93BY 02736 1820-1577 | 1
us Ouad D Latch IC 1 CDA042AY 02735 1820-1540 | 1
us Linear voltage regulator IC 1 SL22310 07263 1826-0049 1
u? Not Used
ug10 Linear op ampl, IC 3 SLB8641 27014 18200223 | 3
VR1 diode, zener 2.37V 2 SZ10939-2 04713 1902-3002 | 2
VR2 diode, zener 6,19V 1 §Z210939-122 04713 19020049 [ 1
VR3 diode, zener 2.37V 5210939-2 04713 1902-3002
VR4 Not Used
VRS, & diode, zener 6.2V 2 1N82s 1902-1221 2
VR7 diode, zener 1.8V 1 CD36728 15818 19023180 | 1
VRB diode, zener 7.5V 1 §210939-146 04713 1902-0064 1

A2 Interconnect Board {See Note 1)

c1 fxd, elect. 1600uF B85V 1 32D5279-DQB 56289 01801886 | 1
Cc2 fxd, elect, 22uF 35V 1 1500226 X0035R2 56289 0180-0160 | 1
c3 fxd, cer. .06uF 400V 1 33C17A3-CDH 56289 0150-0052 1
c4 fxd, tant 33uF 75V 1 109D336X0075F2-DYP | 56289 0180-0234 1
CR1,2 diode si. 200V 1A 8 1NS059 1901-0327 6
CR3 diode, si. 200V 1.5A 2 1N4999 1901-0416 2
CR4-7 diode, si. 200V 1A 1NGEO5S 1901-0327
CR8 diode, si. 200V 1.5A 1N4999 1901-0416
CR9,10 diode, si. 200V 1A TNGDS9 1901-0327
CR11 voltage doubler 1 R712E 83003 19206-0088 1
CR12 Not Used
CR13 Thyristor-SCR 1 38639 02736 1884-0068 | 1
N, J2 connector - pins only 2 28480 1251-0646
J3 connector 10 pin 1 1-3809491-0 Amp Inc. | 12514271 | 1
J4, 5 connector pc edge 12 pin 2 252-06-30-340 71785 12561-0478 | 1
Q1 power NPN Si. 1 2N3715 1854-0264 1
Q2 SS PNP 5i. 1 $51147 04713 1854-0448 | 1
R1 fxd, ww 50 5% 5W 1 RS-5 91637 0811-1854 1
R2 fxd, ww 5 5% IW 1 RS-2B 91637 0812-0086 { 1
R3, 4 fxd, ww 0.4 5% 40W 2 BW20 24681 0811-1817 1
R&-10 fxd, ww 0.33 5% 3W 6 RS-28B 91637 0812-0019 | 2
R11 fxd, ww 10 5% 10W 1 RS-10 81637 0811-1885 | 1
R12,13 fxd, ww 100 3% 5W 2 RS-5 81637 0812-0018 | 1
R14 fxd, comp. 68 5% 1/4W 1 CB-6805 o 0683-6805 | 1
R15 fxd, ww 2 10% 5W 1 AS-5 91637 0811-1850 1
R16 fxd, ww 250 5% 5W 1 RS-5 91637 0811-1886 | 1
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Table 6-4. Replaceabie Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ MFR. PART NO. CODE PART NO. RS
R17 fxd, comp. 15 5% 1/2W 1 EB-1505 01121 0686-1505 1
R18 Not Used
R19 fxd, comp. 33k 5% 1/2W 1 EB-3335 H121 0886-3335
R20 fxd, comp. 4.7k 5% 1/2W 1 £EB4725 01121 0686-4725 1
TB1 Terminal Block 14 Term 1 28480 0360-1820 |1
A3 Input Board (See Note 1}
C1-3 fxd, cer. .06uF 400V 3 33C17A3-CDH 56289 0150-0052 1
c4,5 fxd, alum. 7800uF 100V 2 36D4808 56289 0180-2389 1
Cc6 fxd, tant 6.8uF 36V 2 150D685X9035B82 56289 0180-0116 1
Cc7 fxd, polyester .022uF 200V 2 102P22392 86289 0160-0162 1
Cc8 fxd, tant 6.8uF 35V 150D685X903582 56289 0180-0116
ca fxd, polyester .022uF 200V 192P22392 56289 0160-0162
CR1, 2 Not Used
CR3,4 diode, switching 80V 200mA 2 1N4148 07263 1901-0050 | 2
F1,2 Fuse 6A 260V 2 312006 79915 21100066 | &
, 2 S5 NPN Si. 2 SJE972 04713 1854-0585 ( 2
P8 Cable assembly 1 28480 5060-2709
R1-3 fxd, comp. 22 5% 1/2W 3 EB-2205 012 0686-2205 | 1
R4 fxd, ww Sk 5% 5W 1 RS-5 91637 0812-0060 | 1
RS Not Used
RE fxd, met. oxide 27€2 6% 2W 2 RGA2 11502 0698-3611 1
R7 fxd, met. oxide 43 5% 2W 2 RG42 11502 0698-3614 | 1
RB fxd, comp. 150 5% 1/2W 2 EB-15615 o1 0686-1515 | 1
R9 fxd, comp. 1k 5% 1/4W 2 €B-1025 01121 0683-1025 | 1
R10 fxd, ww. 2.7 5% 2W 2 BWH 75042 08111671 1
R11 fxd, met. oxide 27 5% 2W RG42 11502 0698-3611
R12 fxd, met. oxide 43 5% 2W RG42 11502 0698-3614
R13 fxd, comp. 150 5% 1/2W EB-1515 01121 0686-1515
R4 fxd, comp. 1k 5% 1/4W CB-1025 o221 0683-1025
R15 fxd, ww 2.7 5% 2W BWH 75042 0811-1671
T1, 2 pulse transformer 2 28480 5080-17856 | 1
A4 Heatsink Board Top {See Note 1)
a1-3 power NPN Si, 3 60675 02735 1854-0755 | 3
Q4 power PNP Si. 1 2N5954 1853-0277 1
AS Heatsink Board Bottom {See Note 1)
Q13 power NPN Si. 3 60875 02738 18540765 | 3
TC1 Thermal Switch (opens 248°F £ 6°; 1 430-900 72083 3103-0019 1
closes 188°F £ 12°F)
Front Panel Elactrical
C1 fxd, tant 33uF 75V 1 1000336 X0075F2-DYP | 56239 0180-0234
DS1 LINE indicator light 1 28480 1450-0566 | 1
DS2, 3 Led, VOL.TAGE MODE, CURRENT MODE 2 28480 1990-0521 2
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Table 6-4.

Replaceable Parts

REF. MFR. HP
DESIG. DESCRIFPTION TQ | MFR. PART NO. CODE PART NO. RS
D54, 5 Led, OVERVOLTAGE, OVERRANGE 2 28480 2990-0325 2
M1 voltmeter 1 28480 1120-1387
M2 ammeter 1 28480 1120-1388
P2 front panel cable assembly 1 28480 5060-2708
P3 front panel cable assembly 1 28480 5060-2707
P7 front panel cable assembly 1 28480 5060-2706
R1 var. ww 50k VOLTAGE 1 8400 84048 2100-1884 1
R2 var, ww 1k CURRENT 1 8400 84048 2100-1864 1
R3 var. ww bk OVERVOLTAGE 1 TYPE J o1 2100-0790 1
81 switch DPST toggle LINE 1 | s926K317 27191 3101-0846 | 1
Chassis — Electrical
B1 tan cooling 115V 50/60Hz 1 WS2107FL-55 28875 3160-0056 1
c2 fxd, paper 0. 1uF 250V 1 28480 0160-4065 1
CR1, 2 Triac 200V 40A 2 T64208 02735 1884-0266 | 2
F1 LINE fuse 6A, 250V {100/120} 1 312006 75915 2110-0056 |5
LINE fuse 4A, 250V (220/240) 1 312004 759158 21100055 |5
T power transformer 1 28480 06002-30091
ut, 2 Rectifier diode, assembly 2 SDA 10264-3 04713 1906-0017 1
A1 Controt Board — Mechanical
Bumper, insulating 2 28480 0380-0514
heat dissipator, T0-5 (Q8} 1 28480 1205-0033
A2 Interconnect Board — Mechanical
ground bracket 1 28480 06002-00004
heatsink, SCR 1 28480 06002-00005
terminal block jumpers 6 2B480 0360-0523
heat dissipator T0-3 (01, CR11) 2 28480 1205-0267
A4 Heatsink Board Top — Mechanical
heatsink 1 28480 06002-20001
spacer - noryl 3 28480 (0380-0686
flat metal spacing washers 8 28480 3050-0010
transistor insulator-plastic {Q1-Q3} 3 28480 0340-0795
transistor insulator-mica {4} 1 28480 0340-0180
transistor insulator-plastic {Q4) 1 28480 0340-0548
A5 Heatsink Board Bottom — Mechanical
heatsink 1 28480 06002-20001
spacer - noryl 3 28480 0380-0686
flat metal spacing washers 6 28480 3050-0010
transistor insulator-plastic (Q1-Q3) 3 28480 0340-0795
Front Panel — Mechanical
front panel 1 28480 06002-00002
front panel trim 1 28480 06002-00001
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Table 6-4. Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ | MFR. PART NO, CODE PART NO. RS
knob (R1, R2} 2 28430 0370-1091
retainer, push-cn 1 28480 0510-1157
knuried nut {(S1) 1 28480 0590-0012
spring, compression, meater mount 8 28480 1460-0256
meter bezel 2 28480 4040-0906
panel bushing (R3) 1 28480 1410-0062
binding post, OUTPUT 2 28480 1510-0091
binding post, GND 1 28480 1510-0107
retainer led (DS2-DS5) 4 28480 1400-0540
clip-led (DS2-DS6) 4 28480 1400-0547
Chassis — Mechanical
front frame, 1/2 module 1 28480 5020-8817
top trim, front frame 1 28480 a040-7203
side, trim, front frame 2 28480 5001-0440
rear frame, 1/2 module 1 284380 5020-8818
rear panel 1 28480 06002-00003
corner strut, 1777 4 284380 5020-8836
front chassis, upper 1 28480 06002-00006
front chassis, lawer 1 28480 06002-00007
rear chassis 1 28480 06002-00008
baffte plate 1 2B4B0 06002-00011
cover-perforated, top/side 1/2 module 1 28480 5001-0464
strap handle, 15 1 28480 5060-9803
front cap, strap handle 1 28480 5040-7219
rear cap, strap handle 1 28480 5040-7220
cover-perforated, bottom 1/2 module 1 28480 5060-9973
foot, 1/2 module 4 28480 5040-7201
cover, rear terminal block 1 28480 06002-20002
capacitor clamp {(A3C4, A3C5) 2 28480 0180-1970Q
PC board guide (A2 bd) 4 28480 0403-01684
line module 1 28480 0960-0444
identification label (Serial Tag— 1 28480 7120111
standoff, hex, .375 in. 3 28480 0380-0175
standoff, hex, 1.062 in. 5 28480
standoff, hex, 1.562 in. 4 28480
Miscell aneous
packing carton i 28480 9211-0617
floater pad, packing carton 2 28480 9220-1494
Line Cord ~ One supplied according to
user's location, as follows:
U. 8., Canadas, Japan, Italy and Spain 1 28480 8120-0050
Great Britain, United Kingdom 28480 8120-1351
East/West Europe, U. A. R. 28480 8120-1689
Australia, New Zealand 28480 | B120-1369
6-11




SECTION VII
CIRCUIT DIAGRAMS AND COMPONENT LOCATION DIAGRAMS

This section contains the circuit diagrams nacessary for the
operation and maintenance of the B6002A power supply.
{Circuit diagrams for Option OD1 are included in Appendix

A} Included in this section are:

a. Component location diagrams {Figures 7-1
through 7-7), showing the physical location and reference

designators of all power supply parts.

b. Logic circuit waveforms (Figure 7-8), showing
wavefarms which are used in conjunction with the trouble-
shooting procedures of Section V.

c. Schematic diagram {Figure 7-8}, Mustrating
the circuitry for the entire power supply.
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Figure 7-2. Control Board (A1}, Component Side
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MEASUREMENT COWD FIONS
1, ALL WAVEFORMS TAKEN WITH SUPPLY iN CONSTANT VOLTAGE MODE WITH A 40V, 4A OUTPUT (LOAD
RESISTANCE OF ABOUT 100810,

THIS ENSURES THAT BOTH TRIACS ARE RECEIVING FIRING PULSES .
2 OSCILLOSCOPE 13 DC COUPLED. WAVEFORMS AT TPS AND TPZ TAKEN AT A1 BOARD TEST FINGERS.
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APPENDIX A
HP-1B OPTION 001

A-1  GENERAL INFORMATION

HP-1B
morooes

A-2 This option altows the 6002A power supply to be
digitally controlled via the HP-1B from a caiculator, com-

CONTROLLER {€ 6. 98304

# CATA LINE DIDS AND CONTROL SIGNAL LINES SRQ,
REN, AND EOL ARE NOT USED HY THE 60024~ 001,

puter, or other controller. The digital format is bit parailei, CALCULATOR) ABLE TO
byte serial, ASCII coded format. With this option, an HP-1B TALKLLBTEN, 440 ok
controller can program the output voliage ar current of the
power supply. A pair of switches on the rear pane! of the
supply allows selecting any one of three modes of operation:
Local, HP-1B constant voltage (CV), or HP-1B constant cur- e
rent {CC}. There is no interaction with the HP-1B when in Irusrtﬁmm'
the lacal {front panel} mode. |
s
A-3  Option 001 Hardware '
A4 The Option 001 hardware consists of three print-
ed circuit boards, the mode switches, address switches, and ! FraTED
HP-1B connectar. The three hoards are installed in the rear ey
{upper section} of the 6002A chassis (see Figure A-1}, The | DAL
switches and HP-1B connector are located on the rear of the I BOARDS
supply.
A-5 The three boards are designated A100 Input Board, I
AZ00 Qigital Board, and A300 Analog Board. The Option :
001 circuits are interfaced with the 6002A power supply | Iv““
via a cable connected to the supply’s A2 Interconnect Board. : TR
Connections between the Option 001 boards are hard wired. : mgﬂés
Operating voltages for the Option 001 circuitry are provided } POSITICN)
by dc power supplies on the A300 Analog Board. i l"'W' '
. ! ~ upm'gmﬁ’?touu

A6 Operating on the HP-18 I ey BUS DEVICES

: I

|

A-7 The basic operation of the option enables the e 1)
power supply to change its output in response to program-
med data. The format of the programmed data word is a 00 200 a300
four-digit code {four ASCII characters). The first digit /*:;':ﬂfn /‘ggin'?:‘- /';g:;gﬂ

{UNDER 4200 BOD.)

selects the output range while the remaining three digits — L - —
determine the magnitude of the output voltage {or current T / 5

if in the CC mode). The programmable range enables the
user to ocbtain better resolution and accuracy when the
power supply is operating below 10 volts {CV mode) or 2A
(CC mode}. No power supply control signals ara returned
to the controller., The following paragraphs provide a brief
description of bus operations.

T
i i P [ —

A-8 Figure A-1 illustrates the signal flow on the HP-1B G002A-001 POWER SUPPLY (TOP VIEW)

between a controller {e. g. 8830A calculator) and the 6002A-

001 power supply. Data is transferred over the bus on data Figure A-1. Option 001 Circuits and Bus Connections
A-1



A-13 INSTALLATION DATA
A-14 Equipment Required

A-156 If an HP calculator is used to program the 6002A-
001, the following equipment is requirad:

on both ends, The connectors may be stacked one upon
anothler. As many as 18 instruments (including the con-
troller) may be connected to the same HP-18, Figure A-3
ilustrates a controller {e. g., a 9830A calculator) and a
6002A-001 power supply connected to the HP-IB.

HP *iE
Calculator 1/0 Cird Package ROM
9820A 59405A Option 020™ Math
HP-1B 1/O
98214 59405A QOption 021" Math
HP-IB 1/O
9825A 98034A HP-IB /O String,
General 1/0,
Extended 1/0
9830A £9405A Qption 030 ** String
HP-1B (/0

*

Includes Peripheral Control |1 ROM

!nciudes Extended 1/0 ROM

If the HP-1B/21MX minicomputer is used as the
controller, the 593108 HP-18 Computer Interface
card is required,

LA

- n

A-16 HP-IB Connector

A7 The HP-1B cannector on the rear of the 6002A.-
001 interfaces directly to the HP-1B. Figure A-2 illustrates
the pin configuration of the HP-1B connector which is a
24.pin, type 57 micro-ribbon connector, One HP-1B cabie
is supplied with each HP computer and calculator 1/0 card
package. Extra cables may be ordered separately.

HP-1B Cable Model No. Cable Length
10631A 1m {3.3 ft.}
106318 2m (6.6 ft.)
10631C am (13.2 ft.}

NOTE

The HP-18 connector supplied with this
unit contains metric fasteners {colored
black). If your HP-1B cable connector
contains standard mating screws (silver},
make a conversion using the hardware and
instructions included in Metric Conversion
Kit 5060-0138) supplied with this Option,

A-18  The HP-IB cables use the same piggyback connector

A3

)9

SIGHAL GROUD || 24 121 | SHIELD «— GrouND oaw¥
p/0 TWISTED PAR WITH (1 ||| 23 11|} arn
2/0 TWISTED PAR WITH 10 |{[ 22 10][| sPo xae. CONTRULLER
wlProTwisTEDPARWITH 8 ||| 20 off| e
P/0 TWISTED PAIR WITH B 20 a KDAC
p0 TWISTED PARWITH 7 || 19 7||| wRFD
poTwisTED PARWITH 6 ||[ 18 || oav
ren || 17 5| €01 #x
**lowe /|6 4||{ oros
ooz i[5 3(|| oroa
ows ||| 14 2| o102
osi|[ 3 1]|] 1o

NOTE: TYPE 57 MICRO-
RIBBON CONMECTOR

@

# SIGNAL GROUNDS
%K NOT USED BY 6002Aa- 001

HP-1B LOGIC LEVELS: GROUND TRUE, TTL COMPATIBLE.
INPUT LEVELS {FROM HP-1B1: (= TRUE 0.8V
Q= FALSE > 2.0V

OUTPUT LEVELS (TO HP-1B]: 1= TRUE=OQVDL TO 0.4VDC
@=FALSE = +2 5VDL TO +5vDG

Figure A-2. HP-1B Connector

CONTROLLER
{E.G. 9830A CALCULATOR)

(d 1T TP B

o | & § AEAR
[~} VIEW

CARD
0 1G6318 HP-1B CABLE
OTHER N "
BUS DEYICES /_
MODE SwITCHES
HF~-[B
CONNECTOR
BARRIER
BLOCK
ADDRESS
SWITCHES
AC
FOWER
MOOULE

6002A-001 POWER SUPPLY

Figure A-3. HP-1B Cable Connections



input/output lines D101-DI0B utilizing the byte serial
technique. Each byte {character) of information, 8-bits in
parallel, is transferred onto the bus in serial fashion. Lines
D101-D107 accommodate the 7-bits (1 character} of the
ASCHl code, Line D108 is not used by the 8Q02A but can
be used by other bus devices. The state of the attention
{ATN) line is controlted by the calculator and determines
how the data lines are interpreted. The ATN line is con-
stantly monitored by the 6002A and all other bus devices.
When ATN is true, the bus devices interpret the data on
lines DI01-DI08 as instructions {commands) from the
caleulator. Assume that a command is sent {ATN line true)
enabling the G002A to listen in preparation to receive data
from a “‘talker’ (in this case the calculator}, The address
switches were previously set to a particular address (one of
31 address codes) that distinguishes the 8002A from the
other bus devices. After addressing the 6002A 1o listen,
the calculator places the HP-LB in the data mode by setting
the ATN line false and transfers data {one character at a
time) to the 6002A. The option 001 circuitry in the 600ZA
buffers the data and converts it to an analog voitage { VOUT}
which voltage programs the CV or CC output of the power
supply. The mode switches are set to CV or CC in order

to program the output of the supply.

A9 A 3-wire handshake sequence is used to controi the
transfer of each character on the HP-1B. This process
aliows devices with different input/output speeds to be
interconnected to the HP-1B. The character transfer rate
automatically adjusts to the slowest device. The 3-wire
handshake lines are designated: DAV (data valid}, NRFD
{not ready for data}, and NDAC (data not accepted). Option
001 includes acceptor handshake circuitry that implements
the 3-wire handshake sequence. The 6002A-001 transfer
rate is approximately 17usec per character. The 6002A is
programmed by a data word consisting of four characters
{digits), thus, a data word is transferred to the 6002A in
approximately 68usecs.

A-10  Option 001 responds to the interface clear ({FC)
control signal from the caiculator. The |FC signal is used to
terminate activity on the HP-18. QOption 001 circuitry does
not respond to the remote enable {REN} or EQI (end or
identify) control signals nor does it generate the service
request (SRQO) control signal.

A-11  HP-IB Capabilities

A12 As described above, the B002A-001 has “listener”
and "acceptor handshake” HP-1B functional capabilities.
The 6002A-001 does not have: Controller, talker, source
handshake, service request, device clear, device trigger,
extended listener, extended talker, parallel poll, and remote/
local HP-1B functionat capabilities. All HP-18 functional
capabilities are defined in IEEE Standard 488-1975. Table

A-2

A-1 lists the specifications concerning operation of the
6002A-001 on the HP-IB,

Table A-1. Option 001 Specifications

OPTION 001 LOGIC LEVELS:

TTL Logic CMOS Logic

1=1true = 2V 1 = true = 3.5V

0 = false < 0.8V 0 = false < 1.5V
ISOLATION:

250Vdc between HP-1B data input levels and power
supply. Option 001 employs TTL legic on HP-1B side
of isolators and CMOS logic on power supply side of
isolators.

PROGRAMMING:

Range:
High Range — 0 to 50V {CV} or,
0 to 10A (CC}
Low Range — 0 to 10V (CV) or,
0to 2A (CC)

Speed: Typical time for power suppty output voltage to

change between 0 to 99% or 100% to 0.1% of maxi-
mum rated output voltage under programming
conditions shown.
UP; No Load — 100msec
Full Load — 100msec
DOWN: No Load — 400msec
Full Load — 200msec

Accuracy: {25 5°C after 30 minute warmup)

Range cv cc

High 0.2% + 26mV 0.2% + 25mA

Low 0.2% + 10mV 0.2% + 256mA
Resolution:

Range cv cCc

High &0mV 10mA,

Low 10mV 2mA

INTERCONNECTING CABLE (6002A-to-HP-I1B):
Standard 72-inch (1.8 meters) HP-IB cable No. 106318,
supplied with calcutator 1/0 card.

CONNECTOR:
HP-1B connector (24-pins) is located on the rear of the
6002A-001.

TEMPERATURE RANGE:
Operating: 0° to 55°C
Storage: —40° to+75°C




A-19  Setting Address

A-20  The listen address for the 6002A-001 DC Power
Supply is selected by address switches on the rear of the
unit. The switches are factory set to the suggested listen
address of % when the unit is shipped from the factory. As
shown in Figure A-4, there are seven address switches. The
last two switches {6 and 7} are ignored (have no affect).
Switches 2, 4, and 5 are$ét to "'0" and switches 1 and 3
are set to 1" to select a listen address of "%". Note that
%'’ is the suggested listen address and is one of 31 listen
address possibilities. The address switch settings for each
of the 31 listen address possibilities are listed in Table A-2.

A-21 The HP-IB bus interface cards far the HP calcula-
tors are shipped from the factory with a preset talk address
of "U" and a preset listen address of “5". Before program-
ming, write down the listen and/or talk addresses of all
instruments connected to the HP-1B.

A-22 Mode Switches

A-23  The CV/CC/LOCAL mode switches, located an
the rear of the 6002A-001, consist of a pair of push-in,
push-aut type switches as shown in Figure A-4, The
positions of these switches determine if the power supply
is programmed via the HP-IB or if it is controlled locally
by the front panel VOLTAGE and CURRENT potentiom-
etars. When programming the supply via the HP-1B, the
switches are set to the CV or CC positions {one switch in,
the other switch out} depending upon the user’s require-
ments. The option 001 circuits are factory adjusted for
CV operation. 1f CC operation is required, the circuits
must be readjusted as described in paragraph A-108. When
CV is selected, the supply’s CV output is programmed via
the HP-1B {front panel VOLTAGE potentiometer has no
control) and the CC output is controlled locally by the
front panel CURRENT potentiometer {or via remote pro-
gramming terminals Ad and AB, see paragraphs 3-44 through
3-46). When CC is selected, the supply’s CC output is pro-
grammed via the HP-18 {front panel CURRENT potenti-
ometer has no control) and the CV output is controlled
locally by the front panel VOLTAGE potentiometer (or

~LOCAL—
[l
ADDRESS SWITCH Y
t L e
WORB0HE |
di 00
S—p—
IGNORED

Figure A-4. Listen Address and Mode Switches

Table A-2. Listen Addresses and Switch Settings

Address Switches Listen
Address

5 4 3 2 1 Character
0 0 0 0 0 SP
0 0 0 0 1 !
0 0 0 1 0 "
] 0 0 1 L] S
Q0 0 1 0 0 8
0 0 1 Q 1 %
0] o0 1 1 0 &
0 3] 1 1 1 ’
0 1 a 0 0 (
0 1 Q Q 1 )
0 1 ] 1 0 b
0 1 0 1 1 +
0 1 1 Q 0 .
0 1 1 0 1 -
0 1 1 1 0 .
0 1 1 1 1 /
1 0 a 0 0 a
1 0 0 0 1 1
1 D ¢] 1 0 2
1]lojo|1 ]| 3
1 0 1 1] 0 4
1 D 1 0 1 5
1 4] 1 ] 0 8
1 0 1 1 1 7
1 1 0 0 0 B
1 1 0 0 1 9
1 1 0 1 0 :
1 1 0 1 1 ;
1 1 t 0 0 <
1 ] 1 0 1 =
1 1 1 1 1] >

via remote programming terminals A2 and =S, see para-
graphs 3-39 through 3-43). If the mode switches are set to
LOCAL (both switches out), the front panel VOLTAGE
and CURRENT potentiometers [or remote programming
resistance/voltage) control gperation and there is no control
via the HP-1B. Operating the supply in the CV or CC made
is described in paragraphs A-43 through A-54.

NOTE

Programming via the HP-1B is allowed in the CV

or CC mode but not in both modes simultaneously.
I both switches are inadvertently pushed in (CV
and CC both selected), the output of the supply is
held near zero and there is no control from either
the front panel controls or the HP-18.



A-24 PROGRAMMING

A-25  The CV or CC output of the power supply is pro-
grammed by a data word comprised of $our ASCII charac-
ters (digits) received in the order shown below. The first
digit specifies range and the next three digits specify the
desired magnitude (% of full scale). The range digit can be
the number 1 to specify low range {10V for CV, 2A for CC)
or the number 2 ta specify high range {50V fc - CV, 10A
for CC). The magnitude digits can be any number from
000 to 999,

D1 D2 D3I D4

— —
Range Magnitude
1or2 000-999

A-26  Option 001 is basically a digital-to-analog conver-
ter (DAC) that voltage programs the power supply’s CV or
CC output in the high or low range. The DAC automati-
cally provides a voltage programming output to the power
supply as soon as four digits are received. This output is
retained until the next four digits are received. The DAC
is programmed by the magnitude digits in BCD in such a
way that 000 equal 00.0% of full range, 500 equals 50.0%
of full range, and 999 equals 88.9% of full range. Since
899 is the maximum value for the magnitude digits, the
programmable output ranges are a5 follows:

Low Range CV — 0 to 9.99V {99.9% of 10V}
High Range CV — O to 49.95V (99.9% of 50V}
Low Range CC  — 0 to 1.99B8A (99.9% of 2A)
High Range CC — O to 3.99A (99.9% of 10A)

The following table gives examples of power supply outputs
and corresponding data word values,

Power Supply Data Word
Qutput Range Magnitude % Value
2.5V 10V 25.0% 1250
8.94V 10V 89.4% 1894
25.5V 50V 51.0% 2510
40.10V 50V B80.2% 2802
1.60A ~  2A 75.0% 1750
4.32A 10A 43.2% 2432

A-27 Calculating Data Word Values

A-28  Data word value calculations for the 10V, 50V,
ZA, and 10A output ranges are described below, Note
that each dats word must be exactly four digits long (one
digit for range and three digits for magnitude).

A-20 10V Range. The desired output voltage values
are from OV to 8.990V. To convert the desired output
voltage into a deta word representing a percentage of the

output range, proceed as follows:
1. The resolution in the 10V range is 10mV,
- Let1D=.01
2. The range digit is 1 for the 10V range, so add
1 to the left end of the 3 magnitude digits,
Let R = 1000
3. The magnitude portion is calculated by dividing
the desired output voltage (V) by the least signiticant digit
D. The magnitude portion must be rounded off to exactly
3 digits,
INT {v/D + 0.5) = 3 magnitude digits
4, Combine range and rounded off magnitude
portion to obtain the correct data word value (N],
N =R+ INT {V/D+ 0.5)
Example, desired voitage = 5.1234 volts
D=.01
R = 1000
N = 1000 + INT {5.1234/.01 + 0.5
N = 1000 + INT {512.34 + 0.5}
N = 1000+ INT {512.84)
N=1000+512
N = 1512 = data word value
in this example, the desired output voltage is 5.1234 volts
but the actual power supply output is 5.12V because the
resolution is 10mV {least significant digit equals .01). The
10V range calculations are inciuded in the sample programs
given in paragraph A-41.

A:30 50V Resnge. The desired output voltage values are
from OV to 40.95V. The calculations are the same as for
the 10V range, except resolution is 50mV and the high
range is used. For the 50V range,

Let D= .05,

and R = 2000

A-31 2A Range. The desired output current values are
from DA to 1.998A. The calculations are the same as for
the 10V range, except resolution is 2mA and substitute
| for V where | = desired output current. For the 2A range,
Let D = .002,
and R = 1000

A-32 10A Range. The desired output current values are
from 0 to 9.990A. The calculations are the same as for
the 10V range, except resolution is 10mA, the high range
is used, and substitute | for V, where | = desired output
current. For the 10A range,

Let D =.01,

and R = 2000

A-33 Sending Data Words
A-34  Before a data word is sent, a command must be

issued establishing the controller as the "talker” and the
6002A-001 power supply as the “listener”, The foliowing



examples assume that the controtler (9B30A or 9825A
calculator} has been assigned its standard talk and listen
address of ”"U* and *’5° respectively, and the 6002A-001
has been assigned a tisten address of "%".

A-35 Example 1 illustrates a command statement
{9830A calculator) containing the proper talk and listen
addresses. The statement includes the constant data ward
value "*125@" which is sent to the 6002A.001.

Example 1. Sending a Constant Data Valus
{9830A Calculator)

6002A Listen Address
Calculator Talk Address
Unlisten Command

Range Digit
“Magnitude Digits

s

CMD "?U%", "1260"

——

\
Data Word

A-36  Example 2 itlustrates a command statement issued
by a 9826A calculator. Note that in addition to the calcu-
lator talk address U and the 6002A-001 listen address
7eer the address code of the HP-IB Interface Card (98034A)
must be included. It is assumed that the interface card has
been assigned its standard select code of “7". The 9825A
command statement also includes a constant data value of
**1250" which is sent to the 6002A-001.

Example 2. Sending a Constant Data Value
{9825A Command Statement)

6002A Listen Address
Calculator Talk Address
Unlisten Command
98034 A Select Code—j

—HRange Digit
agnitude Digits

emd 7, "7U%", "i 250"
\
Data Word

A-37  Example 3 iHlustrates 2 write statement {8825A
calculator) which can also be used to address the 6002A-001
10 listen and send a constant data value. The 6002A-001
listen address of %" corresponds to an address of "05" as
defined in the 9825A General 1/0 ROM manual {09825
B0024) Chapter 4. Note the format statement (line @) used
in Example 3. The “c* specifies a character field, while
the “z*" is used 10 suppress carriage return/line feed codes
at the end of the write statement, Suppression of the car-
riage return/line feed codes is essential when programming
the 6002A-001. If they are not suppressed, they will be
processed as data characters by option 001 resulting in an
undesired power supply output.

A6
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Example 3. Sending a Constant Data Value
(9825A Write Statement)

-

Suppresses CR/LF Codes

@: fmr1,¢,2

1: wrt 705.1, 1250
98034 A, Select L 6002A-001 Address,
Code

Command statements ¢an only be used to send
data constants. OQutput {9830A) or write (9825A) state-
ments can also be used to send data constants but must be
used to send variables.

A-39  Example 4 illustrates how an output statement
{9B30A) is used to send variable data to the 6002A-001.

This example includes a command statement (line 100)
enabling the SB30A to talk and the B002A-001 to listen.
However, the variable data that will be sent to the 60D2A-
001 is included in the output statement {line 12@). Variable
N can be any number from 1002 to 1999 or from 200010
2989, |If the variable were equal to 1250, Example 4 would
program the same power supply output as Example 1. Note
that in Example 4, line 11@ uses format specification
F1005.9 and line 120 ends in a semi-colon. The F1005.0
farmat specification deletes leading spaces from the output
data item and specifies a field width of four digits (space

for + sign is suppressed} with no decimal places. The use of
the semi-colon (line 12@) suppresses the carriage return/line
feed codes at the end of the output statement. If the leading
spaces are not deleted and the CR/LF codes are not suppressed,
the power supply output will go to an undesired value.

Exsmple 4. Sending Variable Data
(9830A Calculstor}

100 CMD "?U%”
119 FORMAT F1005.0
120 OUTPUT (13,110} N;

A40  Example 5 illustrates how a write statement (9825A)
it used to send variable data to the 6002A-001. If variable
Nin line 1 were equa! to 1258, this example would program
the same pawer supply output as the previous examples.
Format specification 4.0 deletes leading spaces and the z
suppresses the CR/LF codes for the same reasons as described
above.

Example 5. Sending Veriable Data
(8825A Calculator)

@: fmt1,14.0,2
1: wrt 7€5.1, N



A-41 Sample Programs

A-42  Sample programs using the 8830A and DB25A
calculators are given in Examples 6 and 7, respectively.
The programs allow keyboard input of the desired power

supply voltage. Depending upon the voltage value entered,
the programs sutomatically select the proper range constants
to calculate the correct data word. The programs can easily
be modified to input current by substituting | {current) for
V {voltage) and using the current limits and resofution

values given in paragraphs A-31 and A-32.

9830A Sample Prograrh

Exampls 6.
i% FE[R THTIS PROSREAM BUTRFUTS T4
28 RER O VWOLTAGE THFUT T2 I WOLY
Z REM VARIABLE ASSIGHHMENTS
& RHET Y WOLTRGE TO BE PRO
56 REM I THE WHLUE OF H LERS:
o REM R COHSTEHT TO DETERMI
TaOREN i THE FROGEAM COLE Tr
S0CMn vl
a9 -FardAfAT F1aed, b
186 BISP "EHTER YOLTHGE <8 TO S
118 ITHPUT ¥
126 1IF W = @ THEH 154
128 DISF "ENTER FOSITIVE WOLTHGE
14 Giorg 114
156 <= 56 THEN 124
1ei CWMOLTHGE TOO HiIGHs REELRW
ive
128
13
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DUHTEUT 213 335
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R TIHE
HLS
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EnD

HP-IE POMER SUPPLY IHTERFHCE
T? FroLipise
AMMETD

7 SIGHIFIGAMT DIGIT

HE FAMGES 1889=L0W RANGE. Z8fa=HiLH
RT IS5 QUTPUT TO THE FOWER SUFFLY

FHNHGE

GHLYTS

TER™S

Explanation:

16-200 Allow user to input desired voltage on 9830A keyhoard. Automatically select proper range and corresponding
section of program. Format specification F1005.9 in line 9@ deletes leading spaces (see paragraph A-39).

21@-268 Calculate the correct data word value {N) for output to the 6002A-001. Lines 210 and 220 provide low range
constants while lines 248 and 258 provide high range constants.

270 9830A is addressed (U) to talk and 6002A-001 is addressed (%) to listen.

280 Data word {N] is sent to the 6002A-001. Semi-colon at end of output statement suppresses the CR/LF codes
{see paragraph A-39).

290

Program returns to line 86 allowing user to input the next desired output vo!tage value,

A-7




Exampie 7. 9825A Sample Program

B: "ztartismt "Enter Voltase (@ to SAVITaY

It if We@ient "Emter Positive Yolto3s™yWidep 8

20 if WirDhient "Voltosge Too Highs Feenter™»VWidme -1
311 W=S5ards, 95y

G LB 1REEARYLF WD, 3958 895+ T 2088+ F

BETHEE TR & SR AR UEA IE B ] 3

i fmt lafd,Heziwmrt FE5,.1:Nat0 "ztart™

Fiooend

Explanation:

@2 Userinputs desired voltage on 9825A keyboard.
3-4 Proper constants are selected for high or low range.
5 Correct data word value (N) is calculated.

6

Data word (N} is sent to the 6002A-001. Format f4.0 deletes leading spaces and z suppresses the CR/LF codes

{see paragraph A-40). Program returns to line @ (start) allowing the user to input the next desired voltage value.

A43 OPERATING INSTRUCTIONS

A44  The following paragraphs provide operating instruc-
tions required to program the supply for constant voltage or
constant current operation. A brief description of Option
001 control of the CV/CC circuits within the supply is also
provided.

A45 Constant Voltage Operation

A-46
tion:

To program the supply for constant voltage opera-

. Connect supply to an HP-IB controller.

. Set Mode switches on rear of supply to CV
position,

. Turn on controller and supply

With the supply ‘s output terminals open, pro-

gram the supply for the desired output voltage,

Connect a short across the supplys.rear panel

output tarminals and adiust the front panel

CURRENT control for the desired maximum

output current. |f a:loed chenge causes this

current limit to be exceeded, the supply auto-

maticsily crosses over to constant current opera-

tion at this preset current Himit and the output

voltage drops proportionally.

A-47 Constant Current Operation

A48

tion:

To program the supply for constant current opera-

a. Adjust option 001 for CC operation as described

A8

in paragraph A-108,
b. Turn off supply and connect a short across the
rear output terminals.
¢. Set Mode switches to CC and tum on the supply.
d. Program the supply for the desired output current.
. Open the output terminals and adjust the front
panel VOLTAGE control for the desired maximum
output voltage. If a load change causes this voltage
limit to be exceeded, the supply automatically
crosses over to constant voltage operation at this
paint voltage limit and the output current drops
proportionally,

A49 CV/CC Control Circuits

A-50  The Option 001 circuits produce a voltage program-
ming output in responss to the digital data received on the
HP-1B. Asshown in Figure A-5, the programming voltage
WOUT’ is appliad to the CV or CC control circuits within
the supply through the mode switches. The magnitude of
\Y ranges from 0 to —6.20V nominal {with raspect to
} for high range programming codes (2000 to 2999)
arid from 0 to.—1.24V {nom} for low range programming
codes (1008 to 1999). In the CV mode, the positive side
( ¥ )af the programming voltage is substituted for the
48.2V reference in the CV comparison amplifier circuit to
cantrol the supply’s output voltags. In the CC mode, the
negative side (VOUT' of the programming voltage is sub-
stituted for the fixed —8.2V reference in the CC compari-
son amplifier circult to control the supply’s output current.

A-51 Figure A-5 shows CV programming selected (52



in, 53 out) substituting Y/  for the +6.2V fixed reference
in the CV comparison amplifier circuit. Also, the wiper of
VOLTAGE potentiometer R1 is open circuited making it

a fixed resistor, For this configuration, changes in the
magnitude of the programming voltage {Vqy} or any
instantaneous changes in the supply’s output voltage pro-
duce a difference voltage between the + and -- inputs of
the CV comparison ampiifier. This difference voltage is
amplified and appears at the amplifier output as an error
voitage. The error voltage varies conduction of the supply s
series regulator until the cutput changes sufficiently to hold
the difference voltage at zero volts.

A-52  For CCprogramming (52 out, 83 in), Vo7 is
substituted for the 6.2V fixed reference in the CC com-
parison amplifier cireuit. Also, the wiper of CURRENT
potentiometer R2 is open circuited making it 2 fixed resis-
tor. For this configuration, changes in the programming
voltage (V5 1) or instantaneocus changes in the output
current due 1o load changes produce a difference voltage
between the + and — inputs of the CC comparison amplifier,
This difference is amplified and appears at the amplifier out-
put as an error signal. The error signal varies the conduction
of the supply’s series regulator thus changing the output
current until the difference voltage is zero volts.

A-83 Programming via the HP-1B is allowed in the CV
or CC mode but not in both modes simultaneously. 1f $2
and S3 are inadvertently pushed in at the same time, the
output of the supply is held near zero and there is no
contral from either the front panel controls or the HP-IB.

A-54 If the mode switches are set to LOCAL (S2, S3
gut), the front panel VOLTAGE and CURRENT poten-
tiometers control operation and there is no control via

the HP-1B. Note that if the 6002A supply is not equipped
with Option 001, the following jumpers are factory instatled
on the A2 intercannect board:

Jumper Connection

A2wW1 between A2J1 pins 10and 11
A2W2 between A2J1 pins 12 and 13
AZW3 between A2J1 pins 17 and 18
A2W4 between A2J1 pins 15and 16

A-56 CIRCUIT DESCRIPTION

A-56  Option 001 consists of digital processing circuits,
a digital-to-analog converter, and analeg output circuits
which allow the 6002A power supply ta change its output
voitage or current in response to the digital data received
on the HP-1B, The circuits are functionally separated and
included on a series of schematic diagrams, Figure A-15,
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Figure A-6. CV/CC Control Circuits

sheets 1 through & at the end of this appendix. The follow-
ing descriptions are based on the schematics and are present-
ed to support the troubieshooting procedures given in
paragraphs A-83 through A-100.

A-57 A100 input Board, {Figure A-15, Sheet 1)

A-58 The input board contains resistor networks, input
inverters, and the address comparator circuit. The resistor
networks provide the proper terminations for the 16 bus
lines, Schmitt trigger input inverters U2 are provided for
the DIOT-DI06 data input lines. The input inverters for
data input line D107 and bus control signals IFC, ATN,
and DAV are on the A200 board (Figure A-15, Sheet 2).



A-58 The address comparator consists of 5-bit compara-
tor U1 and the address switches on the rear of the supply,
When the levels on data lines D101-DI05 match the address
switch settings, U1 provides a Hl level ADDRESS output
to the listen logic on board AZ200.

A-60 A200 Digital Board {Figure A-15, Sheets
2 and 3)

A-GI Except for the address comparator (A100U1) and
input inverters (A100U2), all of the digital processing cir-
cuits are contained on the A200 board. Listen logic,
acceptor handshake, clock generator, and turn-on preset
circuits are shown on sheet 2. Isolatars, data storage, data
storage sequencer, and the digital-to-analog converter are
shown on sheet 3.

A-62  Turn-On Preset {Sheet 2}. When power s initially
turned-on, the preset circuit generates a LO level pulse
[PONT which resets the listen flip-flop {listen logic), the
accept data flip-flop {acceptor handshake}, and the data
storage sequencer, Thus, the preset circuit ensures that the
6002A is not a “listener” and is property initialized when
power i$ turned-on.

A-63  Acceptor Handshake {Sheet 2). The acceptor
handshake circuit implements the 3-wire handshake cycte
that oceurs with each command or data character received
on the bus daza lines DI01-DI07. Unrecognized command
characters [e. g., talk address) will be ignored but the hand-
shake cycle between the controller and the 6002A will accur
anyway. The 3-wire handshake lines are designated DAV
{data valid}, NRFD (not ready for data), and NDAC (data
not accepted}. The acceptor handshake circuit is enabled
when the bus is in the command mode {(ATN is LO) or if
the 6002A is in the tisten mode (listen flip-flop set) and
ATN is HI (data mode). For either of the above conditions,
the cutput of NAND gate U7-6 goes HI and NAND gate
U1-11 goes LO enabling the acceptor handshake circuits.
Figure A-6 illustrates the 3-wire handshake cycle timing
sequence for each character received by the 6002A in the
command and data modes.

Tot Initially the NRFD signal {J1-7) is HI {6002A
is ready for data) and the NDAC signal (J1-8} is LO {data
not accepted). Also DAV (J1-6) is HI [data on bus is not
valid).

Tl : The source {assume controller) puts a charac-
ter on the bus and indicates that the character is valid by
setting DAV (J1-6) LO. :

To: After a delay of approximately 1usec NRFD
goes LO {6002A not ready for data). Also, accept data
signals, ACDS (U13-13) and ACDS (U)13-4), are generated,

A-10

8. If the HP-1B is in the command mode {ATN LOJ, the
ACDS signai gates a recognized command character (6002A's
listen address of "% or unlisten command '"7*") which sets or
resets the |isten flip-flop (see paragraph A-64).

b. If the HP-IB is in the data mode (ATN HI) and the
6002A had previously been addressed to listen, the ACDS
signal gates the clock generator, producing a ciack pulse
which |oads tfﬁt_jgtiharacter (range or magnitude} present
on bus lines {DI01-DI04) into the appropriate storage resister
{see paragraph A-G6).

Tq: After approximately 15usec, the trailing {posi-
tive) edge of the ACDS (U13-4) signal produces a negative
pulse (UB-11} which sets the DAC F/F {U7-8 goes HI and
U10-8 goes LO). With U10-8 LO, NDAC (J1-8) goes HI
indicating that the 6002A has accepted the data.

T4 The controller sensing NDAC HI, sets DAV H!
indicating that the data on the bus is no longer valid.

Tg: When DAV goes Hi, the DAV F/F is reset
{U10-8 goes HI and U7-8 goes LO} causing NDAC (J1-8) to
ge LO (data not accepted). Also, with DAV HI, NRFD goes
HI indicating that the 6002A is ready for the next character,

Tg: With NRFD HI, the controfier sets DAV LO
and the next character is transferred (T2 through T5}.
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Figure A-6. Acceptor Handshake Signals, Timing Diagram



A-64  Listen Logic (Sheet 2). The listen logic consists
of logic gates which set or reset the listen flip-flop. When
the listen fiip-flop is set, the 8002A is enabled to function
as a "istener” on the HP-1B. When the listen flip-flop is

reset, the 6002A is inhibited from functioning as a "listener”,

The listen logic is enabled when the HP-IB is in the command
mode {ATN is LO). If ATN is LO and the BOO2A's listen
address is decoded {ADDRESS is HI}, the listen flip-flop is
set [U8-3 goes HI) when AEDS is received from acceptor
handshake circuit. Note that only a portion of the listen
address is specified by the ADDRESS signat. {n addition,
HP-18 data input line 0107 must be HI and line D106 must
be LO to specify that a listen address is present on the bus,
With the listen flip-flop set, the clock generator will be
enabled when the bus is placed in the data mode {ATN goes
HI}. The clock generator produces clock pulses which gate
the data sequencer storing the data chatacters received on
the bus (see paragraph A-66).

A-65  If the ATN line goes LO again (command mode)
and an unlisten command (ASCI?") is placed on the bus,
the listen flip-flop is reset (U8-3 goes LO) when ACDS is
received, inhibiting the clock generator and resetting the
data sequencer. Note that the interface clear {IFC) signal
also resets the listen flip-flop. The {FC signal is used by the
controller to terminate activity on the bus.

A-66  Clock Genarator (Sheet 2). The clock generator is
enabled when the listen flip-flop is set (UB-3 is HI) and the
HP-IB is in the data mode {ATN is Hi}. When enabled, the
clock generator produces a clock pulse (appraximately
4usec wide) on the leading edge of the ACDS signal received
from the acceptor handshake circuit. The clock pulse gates
the data storage sequencer which loads the data on lines
D101-Di0d into the appropriate storage latch (see paragraph
A-68).

A-67  Isolators {Sheet 3). Data bits DIG1-DI0E, the
sequencer clock signal, and the sequencer reset signat are
applied through inverter drivers {LJ4-U5) to photo-isolators
(V15, U16, U17). The inputs to the isolators are referenced
to bus ground while the outputs are referenced to power
supply ground W . With these input and output connec-
tions, up to 250Vdc isolation is provided between the HP-IB
data input lines and the 6002A power supply. Each dual
isolator |C package contains a pair of light emitting diodes
and integrated photon detectors. The lsolated BT01.0104
data hits are routed to the appropriate data 1 storage latches
while the isolated clock and reset signais are sent to the data
storage sequencer.

A-68  Data Storage (Sheat 3}. The data storage circuits
consist of data storage 1 latches, data storage 2 latches,
and the data storage sequencer circuit. The circuits store
the data word which consists of four characters. The
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characters are transferred from the bus one at a time with
the range character transferred first followed by the three
magnitude characters. Each character, bits DI04 (MSB) —
DI01 (1.SB), is transferred into data storage 1 during the
accompanying 3-wire handshake cycle. After the fourth
character is transferred into data storage 1, all four characters
(data word} are automatically toaded into the data storage

2 latches. The timing sequence for the data word transfer

is provided in Figure A-7.

A-69  The leading edge of each ACDS pulse generates a
clock pulse which gates the data storage sequencer. Initially,
the data shift register {U28) in the data storage sequencer is
reset and the data input {U28-7} is a HI [evel. The timing
sequence that occurs during the transfer of a data word is
described below (Refer to Figure A-7).

a. Cycle 1. The first clock pulse produces a nega-
tive pulse (L3} at U18-8. The trailing edge of
L% loads the range character into data storage 1
{U27, J/K flip-flop). The trailing edge of the
first clock pulse transfers the data input (U28-7)
into the shift register causing Q1 (U28-b) to go
HI. With Q1 HI, the L2 AND gate (U19-8} is
enabled. Also with Q1 HI, the data input
{U28-7) goes LO.

b. Cycle 2. The second clock pulse produces a posi-
tive pulse L2 at U19-10. While U2 is Hi, the first
magnitude character is transferred into data stor-
age 1 {U26, four bit latch). The trailing edge of
the second clock pulse causes U28 to shift (Q1
goes LD, Q2 goes Hi). With Q2 H1, the data
input {U28-7} remains LO and the L3 AND gate
(U19-5) is enabled.

c. Cycle 3. The third clock pulse produces a posi-
tive pulse L3 at U19-4, While L3 is HI, the
second magnitude character is transferred into
data storage 1 {U25, four bit latch). The trailing
edge of the third clock pulse shifts U28 (Q2 goes
LO, Q3 goes HI}. With Q3 HI, data input remains
LO and the L4 AND gate (U19-1} is enabled.

d. Cycle 4. The fourth clock pulse produces a posi-
tive pulse L4 at U18-3. While L4 is HI, the third
magnitude character is transferred intc storage
level 1 (U24, four bit latch). The trailing edge of
the fourth clock pulse shifts U28 (Q3 goes LO,
Q4 goes H!). When Q4 goes HI, the range charac-
ter and the three magnitude characters are loaded
into the data storage 2 latches (U27 and U21-U23).
The Q4 HI transition also causes 028-13 (P/O turn
on/off circuit) to go HI [this signal is significant
only when power is initialty applied and the first
data word is loaded, see paragraph A-81). The Q4
output is fed back to the shift register input
(U28-6) through OR gate U20 and delay circuit
{C3, R23) resetting the shift register {Q1-Q4




outputs te go LO). For this condition, the data
input (U28-7) is Hl initializing the shift register
for the next data word transfer.

A-7T0  The range latch output (U27-14) is LO if high

range was programmed and HI if low range was programmed.

The range output controls the range switch on the A300
analog board {see paragraph A-78).

A-71 The outputs of 4-bit storage latches U21-U23 are
applied to the digital-to-analog converter {DAC) U29. The
DAC is programmed in BCD. Each 4-bit storage latch con-
tains a number (8-8). Thus, the three latches can provide an
output from @00-999. The latch cutputs are connected to
the DAC input in the proper order {i. e., U23 contains the
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Figure A-7. Data Word Transfer, Timing Diagram
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most significant bits, etc.). The data storage 2 outputs are
retained until a new data word is transferred from the bus.

A-72  Digital-to-Analog Converter (Sheet 3). The digital-
to-analog converter {DAC) U29 converts the 12-bit BCD
input into an output current.  The DAC QUT range {0-2mA)
corresponds to a BCD input range of 803-999. The DAC
QUT is applied to a current-to-voltage converter (Operational
Amplifier A300U1) on the Analog Board. The outputs of
A300U1 is connected to pin 10 (10V SPAN R) of the DAC
to obtain an output range of from 0-10V.

A-73 A300 Analog Board (Figure A-15,
Sheets 4 and 5)

A-74 The analog board contains the analog output circuits
and dc power supplies which provide the operating voltages
fer the Option 001 cireuitry. The analog circuits are shown
on sheet 4 which also illustrates the LOCAL/CV/CC mode
switches {part of the A100 Input Board} and the connections
to the power supply’s A2 interconnect board. Sheet 5
illustrates the dc power supplies and power distribution for
the Option Q01 circuit boards.

A-76  Analog Qutput Circuits {Sheet 4). The analog
output circuits consist of two operational amplifiers (U1

and U2}, the range switch circuit {Q1, 04}, and a turn on/off
circuit (Q2, Q3, Q6, and Q7).

A-76  Operational amplifier U1 functions as a current-
to-voltage converter. The 0-2mA input from the DAC is
converted to a 0-10V output. Variable resistor R4 provides
a zero balance adjustment. The 0-10V output is applied to
output amplifier U2 through range resistors R6-R9.

A-77 Qutput amplifier U2 provides an output of 0-6.20V
in the high range or (0 to 1,24V in the low range. In the high
range, resistors R8 and R9 are shunted through range switch
FET Q1 (see paragraph A-79), With RB and R9 shunted,

the gain of U2 is equal to R10+ (R6 + R7}. Variable resistor
R7 allows full scale adjustment in the high range. In the low
range, the gain of U2 is equal to R10 + (R6 + R7 + R8 + RY).
Variable resistor RO allows full scale adjustment in the low
range while variable resistor R19 provides a zero output
adjustment. The output of U2 (0-6.20V or 0-1.24V) is
applied through the mode switches to voltage program the
output voltage {CV position) or current {CC position) of the
6002A power supply (as described in paragraphs A-49 through
A-54},

A-78  The range switch allows output amplifier U2 to
provide a high range output {0-6.20V) or a low range output
(0-1.24V). The range switch circuit {Q1, Q4) receives a
RANGE signal level from the range latch (A200027). A LO
signal level represents high range and a HI signal level rep-
resents low range.



A-79 If a LO level is received, transistor Q4 is turned-
off causing FET Q1 to conduct, The FET is used as a
switch which has a very low on resistance and a very high
off resistance. While conducting, Q1 couples the output
of U1 to the input of U2 via range resistors R6 and R7
(RB and R9 are bypassed).

A-B0  1faHIlevet is received, transistor Q4 is turned-on
causing Q1 to turn-off. Far this condicion, the cutput of
U1 is coupled to the input of U2 through range resistors
RG through RY.

A-81 The turn on/off circuit is comprised of shift register
B (U28) on the A200 board (sheet 3}, transistor stages (OB,
Q7), and FET's Q2 and Q3 on the A300 board. The pur-
pose of this circuit is to prevent transients at power turn-on
and turn-off from affecting the power supply. To accom-
plish this, the output is clamped at a low level when power

is turned on ar off.

A-B2  Before power is turned-on, FET Q2 provides a short
circuit across output amplifier U2 and FET Q3 shorts the
amplifier output to ground. When power is turned-on, the
Vdd supply voltage (junction R26 and R27) resets U28
(U28-13 goes LO), turning on Q6. With Q6 turned-on,
FET's Q2 and Q3 continue to conduct maintaining the short
circuits, Note that when power is turned-on, there is a delay
before the —15V supply voltage is available, consequenty,
Q7 is turned off at initial power turn-on, After the delay,
Q7 turns-on removing the reset condition at U28, When

the first data word is | oaded into data storage 2, shift register
B output {U28-13) goes HI (see paragraph A-38d) turning
off Q6. With Q6 off, the negative voltage from Q7 causes
FET's Q2 and Q3 to cutoff removing the short circuits.
Qutput amplifier U2 will now provide an output determined
by the programmed data word.

A-B3 At turn-off, the —15V supply voltage decays faster
than the +15V and Vdd supply voltages. When the —15V
supply decays sufficiently, U2B is reset {U2B-13 goes LO)
turning on Q6. With 08 turned-on, Q2 and Q3 conduct
restoring the short circuits. Thus, the output of U2 is
clamped at a low tevel during the decay of the +15V and
Vdd supply voltages.

A-84  Supply Voltages (Sheet 5). The supply voltages

for the option 001 circuits are generated on the A300

Analog Board. AC power {120Vac, 48-63Hz} from the

6002A power supply is applied to transformer T1 through

connector A2P1. The hoard contains the following supplies:
15V supply: Voltages are referenced to I/

and are distributed to the operational amplifiers and transis-

tors on the A300 board and the DAC on the A200 board.
Vdd bias supply: Developed from the +15V out-

put. Vdd {+5V} is distributed to A200 board I1C’s on the

A-13

N/ side of the photo-isolators,
+5V supply: Referenced to bus ground v andis
distributed to all A100 board and A200 board IC's on
side of the photo-isolators.

A-85 MAINTENANCE

A-86  The following paragraphs contain checkout, trouble-
shooting, repair and replacement, and adjustment procedures
far the Option 001 circuits. The checkout procedures verify
that the Option 001 circuitry is operating properly by check-
ing that it can be programmed by a controller and that it is
properly adjusted. The troubleshooting procedures are per-
formed if a malfuncrion occurs while performing the check-
out procedures ar during normal operations, The trouble-
shooting procedures isolate a malfunction to the Option 001
circuitry at the component tevel or to the 6002A power
supply.

A-87 Test Equipment

A-88  The controller (e. g., 9825A or 9830A calculator),
equipped with the appropriate bus interface card, provides

all of the signal inputs necessary for checking and trouble-
shocting the Option Q01 circuits. The additional instruments
required for troubleshooting are listed in Table A-3.

A-89  If available, Bus System Analyzer HP Model 53401 A
can be used in place of the calcuiator when troubleshooting
the 6002A-001. The 59401 A provides tatker, listener, and
controiler modes of oparation. The operating speed of the
B840 A varies from one character at a time in the halt mode,
to two characters per second in the slow mode, and full
HP-18 speed in the fast mode. Thus, the 53401A can be used
to exercise the Option 001 circuitry allowing one character
at a time to be transferred and checked.

A-90 Checkout Procedure

A-91 The procedures given in the flow chart of Figure
A-8 are used to check operation of the 6002A-001 power
supply when it is initially received. |f a malfunction is
detected during checkout, the procedures determine whether
adjustment or troubleshooting is required. The procedures
in Figure A-8 provide the following cheeks:

1. Power supply's output voltage {CV mode) is
held near OV when power is turned-on.

2. Zero output programming accuracy in the low
and high ranges.

3. Full scale programming accuracy in the low and
high ranges.

A-92  The checkout procedures are performed with the
6002A-001 power supply connected to the HP-IB atong
with a controller. The mode switches are set to CV and the



Table A-3. Test Equipment Required

Type Characteristics Use Recommended Model
Digital Voltmeter | Accuracy: +0.004% Precision dc voltage measurements. HP Model 34624 or 3490A.
Oscilioscape Bandwidth: dc to 50MHz Adjust zero output accuracy . Check HP Model 180A with 1804A

handshake cycle timing. CMOS logic and 1821A plug-ins.

circuit troubleshooting,

Logic Probe Impedance: 25€, Trigger TTL logic circuit troubleshooting. HP 105257
Thresh: 2,0V and 0.8V (nom)

Min. Pulse Width: 10nsec.

Resistor .0182, 10A, 100mV CC adjustments Weston 0042210
address switches are set to “%"’ on the rear of the supply.
onmecr TEST A DVM is used to monitor the supply’s output valtage. The
3E TR OF PARA- . .
AAPH -32. DVM is connected between the +S and —S terminals on

the rear of the supply.
TURN ON BOGZA -
O, CHECK POWER
SUPPLY DUTFUT

Vo ON OVMI, A-93 Troubleshooting
TURN-OM
AN T gty A-94  The troubleshooting procedures assume that the
| - [roure a®. controller is operating properly and that a malfunction
e - exists in the 6002A-001 power supply. Before attempting to
i:zcmw: troubleshoot the 6002A-001, it is recommended that the

reader review the circuit descriptions provided in paragraphs
- . A-55 through A-84. A good understanding of circuit opera-

Yo < 10 < L] il ill aid i i
o < Omy Vg € TV? [moue e tion will aid in troubleshooting.

A-95 In order to troubleshoot the 6002A-001, the top
cover must be removed from the supply and the Option 001
circuits must be partially disassembled by performing steps
a thru ¢ of paragraph A-102.

Ac power is connacted to the AS00 board. Exercise
extrame caution when working on energized circuits.

A-9E  Overall Troubleshooting. The overall troubleshoot-
ing procedures given in Figure A-9 isolate a malfunction to
the analog or digital sections of the Option 001 circuitry, or
10 the GOD2A power supply. Separate troubleshooting flow
charts are provided for the digital circuits in Figures A-10
and A-11. Complete troubleshooting procedures for the
6002A pawer supply are provided in Section V.

A-97 The procedures given in Figure A-9 check the Option
001 bias supply vottages first to ensure that these voltages
are correct before continuing with the troubleshooting, 11

PEMFORM ADAIST+ the supply voltages are correct, the procedures continue to
END MENT PROCEDUREY . R . .

A check if a malfunction is present in the analog or digital
portions of the Option 001 circuitry. If a malfunction is not
detected, it is assumed that the mode switch, 6002A/Option

Figure A-8. Checkout Procedures Flow Chart 001 interconnections, or the 6002A power supply is defective,

A14



The check points listed on Figure A-8 correspond with those
on the schematics {Figure A-15, sheets 3 thru 5) and com-
ponent location diagrams {Figures A-13 and A-14) for the
A200 and A300 boards.

A-88  Digital Circuits Troubleshooting. The digital cir-
cuits troubleshooting procedures given in Figure A-10 isolate
a malfunction to components on the A200 or the A100
board. Figure A-10 checks the digital circuits in the foll ow-
ing sequence,

1. Turn-on/preset
. Listen logic
. Unlisten decoder
Clock generator
. Data input circuits
. |solators
. Data sequencer
. Data storage

PN EWN

A-99  The check points and functional circuit areas listed
on Figure A-10 correspond with those on the schematics
{Figure A-18, sheets 1 thru 3} and component Iocation
diagrams (Figures A-12 and A-13) for the A100 and A200
boards.

A-100 Acceptor Handshake Yroubiethooting. Figure A-11
provides a static check of the Option 001 acceptor hand-
shake circuit. However, it is possibie to have a condition
where a faulty circuit would not be detected by performing
these checks. |f a timing problem is suspected, the acceptor
handshake circuit must be checked dynamically. A dynamic
test can be made by continuously programming the 6002A-
001 to "listen” and abserving the handshake signals on an
oscilloscope. The handshake cycle timing relationships are
shown in Figure A-6.

A-101 Removal and Replacement

A-102 The Option 001 circuitry is (ocated in the rear
{upper section} of the BOO2A chassis (see Figure A-1).
Component location diagrams and schematics for the Option
001 A100, A200, and A300 printed circuit boards are pro-
vided in Figures A-12 through A-16 at the end of this appen-
dix, Option 001 replaceable parts are listed in Table A-3,
When replacing parts, perform the following steps:

a. Turn off power,

b. Remove rear screw in the handle assembly on
top of unit and slide cover {one piece cover for top and
sides) to the rear and remove.

c. The A200 board, compeonent side up, is mounted
on plastic standoffs directly above the A300 board (com-
ponent side down). Lift the A200 board up and away from
the A300 board. With the A200 board moved aside, the test
points on the back {wiring side) of the A300 board are
accessible {see Figure A-14B),

A-15

——— CAUTION

If the circuits are being disassembled for trouble-
shooting purposes, ensure that the components
and tracks on the A200 board are nor touching
the metal chassis. Also ensure that the AC input
terminals on the A300 board are not touched or
grounded,

d. To remove the A300 board, remove 2 screws,
slide board forward out of the PCB slides, and lift board
up and away from the chassis,
€. The A100 board, address switch mode switches,
and HP-1B connector are removed as follows:
1. Remove 1 screw securing A100 board to
chassis.
2. Remove 1 screw and 2 nuts securing the
HP-|B connector and the switches to the supply’s rear panel.
f. Remove two screws securing Option 001
support bracket to chassis.
g. Disconnect A2P1 and remave Option 001 circuits
(A100, A200, A300 boards) and support bracket from the
6002A chassis.

NOTE

If the supply is operated with the Option 0071
circuitry removed, fumpers A2W1, A2W2, A2W3,
A2/ must be installed on the A2 Interconnect
Board as described in paragraph A-54.

-A-103 Adjustments

A-104 The option 001 analog circuits are factory adjusted
for constant voltage {CV) operation. The CV adjustments,
described in paragraphs A-106 and A-107, may be required
after performing the checkout procedures, troubleshooting,
or repair and replacement. If constant current {CC) opera-
tion is desired, the circuits must be readjusted as described
in paragraph A-108,

A-105 Test Satup.

a. Remove top cover from power supply (see
paragraph A-102) to gain access to the potentiometers on
the A300 board. Potentiometer access holes are located
and labeled on upper right sige in the rear of the power
supply chassis.

b. Connect oscilloscope to the +S and -8 terminals
on the rear of the supply. Set DV reference line across
center of scope. Set SWEEP to 1msec/div.

¢. Check that the address switches on rear of
supply are set to "%".

d. Connect power supply to an HP-I1B contraller.
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e, Turn on controller and pawer supply and allow
2 30-minute warm-up,

WARNING -

Before making any of the folfowing adjust-
ments, ensure that one of the power supply’s
output terminals (+ or =) is grounded. Failure
to do so may result in a shock hazard and/or
darnage to the unit.

A-106 CV Zero Qutput Adjustment. To adjust the zero
voltage programming accuracy for the high and low ranges,
proceed as follows:

a. Set mode switches on rear of supply to CV.

b. Alternately program data words 2000 {zero
high range) and 100@ (zero low range} with a 50msec
{approx.) delay between data words.

¢. Adjust the ZERQ ADJ. potentiometer
(A300R19] and the ZERO BALANCE ADJ. potentiometer
{A300R4) for a straight line at zero as indicated on the
scope. Potentiometers are adjusted simultaneously to obtain
the desired scope indication.

A-107 CV High and Low Range Full Scale Adjustments.
Use the same test setup as ahove, except, remove oscillo-
scope and connect a DVM between the +5 and —S rear
terminals.

a. Program data word 2299 and adjust HIGH
RANGE FULL SCALE potentiometer A300R7 for a reading
of 49,950V on DVM.

b. Program data word 1999 and adjust LOW
'RANGE FULL SCALE potentiometer A300R9 far a reading
od 2.920V on DVM.

¢. Recheck the fow and high ranges and the zero
output adjustment. 1f necessary, repeat adjustments given
in paragraph A-106 and steps a and b above,

A-108 CC Adjustment.

a. Turn off supply and set mode switches to CC.

b. Turn VOLTAGE control on front panel fully
clockwise.

¢. Use the constant current test setup (Figure 57)
provided in Section V, except set R|  and RL2 to approx-
imately 3.582 each and use a 0.01%2 resistor for current sam-
pling resistor RS.

d. Connect power supply to an HP-1B controller
and turn both instruments on. Allow a 30-minute warm-up.

e. Adjust CC zero gutput by connecting an oscillo-
scope to +S and —S terminals and repeating steps band c
of paragraph A-106.

f. Adjust CC high range full scale output by pro-
gramming data word 2999 and adjusting A300R? for a
reading of 0999V on DVM (connected across HS as shown
in Figure 57},

g. Adjust CC low range full scale output by pro-

gramming data word 1999 and adjusting AZ00RS for a
reading of .01998V on DVM (connected across Rg).

h. Recheck adjustments. {f necessary repeat
steps e through g above,

A-109 DIAGRAMS

A-110  Figures A-12 through A-14 illustrate the physical
location and reference designations for the parts on Option
001 printed circuit boards A100, A200, and A300. The
circuit boards are functionally separated and included on
schematic diagram, Figure A-15 {sheets 1 through 5. The
functional €ircuits and test points shown on the schematic
ceincide with those on the component location diagrams
and troubleshooting flow charts (Figures A-8 through A-11).

DISCONMECT BODEA
FROM BUS AND Tura]
O POWER.

]

GOMNECT ATH
azoous-1i To WV
CHEDX LOGK LEVELS

tMITH RERPELT TO
7 148 FOLLOWS!

A0 | OA UT
DEFECTIVE

A200U1, Uk R T
DEFECTIVE

AZOOU! (EFECTIVE

AZOCUT, g, OR i3
OEFECTIVE

A20CT, U8 OR Lt
DEFECTIVE

A200U 13 DEFECTVE

Figure A-11. Acceptor Handshake Circuits Troubieshooting
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Table A-4, Option 001 Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ.| MFR. PART NOC. CODE PART NO. | RS
A00 Input Board Assembly  (See Note 1) 1 1
c1 fxd, elect. 2.2uF, 20%, 20V 1 150D225X0020A2 56289 0180-0165 | 1
c2 fxd, cer. 0.02uF, 20%, 100WVdc 1 C023B101H203MS27 56284 0160-0818 | 1
J HP-1B connectar, 24-pin 1 1251-3283
S1 Address switch 1 28480 31011973
§2, 53 Mode pushbutton switches (2-station) 1 28480 3101-1908 1
(V] Digital Comparator, IC 1 93L24DC 07263 1820-0004 1
uz2 Hex Schmitt Trig, Inverter, IC 1 SN74L514N 01295 18201416 | 1
21,22 Resistor Network, 3k/6.2k, 5%, .02W 2 216C 56289 18100136 | 1
23 Resistar Network, 4.7k, 5%, 0.16W 1 200C-1858-CRR 56289 18100125 { 1
A200 Digital Board Assembly {(See Note 1) 1
C1 fxd, cer. 1000pF, 1kV 1 CO67B102E1022526 56289 0150-0050 | 1
c2 fxd, mica. 500pF, 1%, 300V 1 DM15F501FO300W1C] 72136 0140-0234 | 1
c3.C4 fxd, mica. 91pF, 1%, 300V 2 28480 0160-0335 | 1
Cc5 fxd, cer. 470pF, 10%, 1000WVdc 1 0D-471 715390 0160-2496 | 1
Cc6 fxd, elect, 22uF, 10%, 16V 1 1500226 X901582 56289 01800228 | 1
C7-C13 fxd, cer. 0.1uF, HOV 10 | 5C5081-CML 56289 01500121 2
C14 fxd, elect. 10uF, 10%, 20V 3 1560D106X902B82 56289 01800374 | 1
ci1s5 fxd, cer. 0.1uF, 50V 1 5C5081-CML 56289 01500121 1
ctg,C17 fxd, elect. 10uF, 10%, 20V 150D106 X802082 56289 0180-0374
cis fxd, elect. 1uF, 10%, 35V 1 150D105X80354A2 56289 0180-0291 1
c19 Not assigned
C20-C22 fxd, cer. 0.1uF, 50V 5C5081-CML 56289 0150-0121
CR1-CR3 Not assigned
CR4 Diode, Si. 200mA, 75V 1 1N4148 28480 1901-0050 | 1
a1, Q2 Not assighed
a3 SS NPN Si. 1 2N4 141 28480 1854-0071 1
Ri1 fxd, film 383 1%, 1/8W 2 C4-1/8-TQ-383R-F 24546 0698-3446 | 1
R2 fxd, film 5.11k, 1%, 1/8W 2 C4-1/8-TO-B111-F 24546 07570438 | 1
R3-R7 Not assigned
R8 fxd, film 42.2k, 1%, 1/8W 1 C4-1/8-TO-4222-F 24546 06983450 | 1
R9 fxd, film 383, 1%, 1/8W C4-1/8-TO-383R-F 24526 0698-3448
R10-R15 fxd, film 162 1%, 1/8W 6 C4-1/8-TO-162R-F 24546 0757-0405 | 1
R16 fxd, film 47,5k, 1%, 1/8W 1 C4-1/8-TO-4752-F 24546 0757-0457 { 1
R17-R22 fxd, film 4,12k, 1%, 1/8W ] C4-1/B-TO-4121-F 24545 0698-3493 | 1
R23 fxd, film 16.2k, 1%, 1/8W 1 C4-1/8-TO-1622-F 24546 07570447 | 1
R24 fxd, film 2.37k, 1%, 1/8W 1 C4-1/8-TO-2371-F 24546 0698-3165Q | 1
R25 fxd, film 10 1%, 1/8W 1 C4-1/8-TO-10R0-F 24546 07570346 | 1
R26-30 Not assigned
R31% fxd, film 20k, 1%, 1/8W 1 C4-1/8-TO-2002-F 24546 07570449 | 1
R32 fxd, film 5.11k, 1%, 1/8W C4-1/8-TO-6111-F 24546 a757-0438
R33 fxd, film 1k, 1%, 1/8BW 1 C4-1/8-TO-1001-F 24546 07570280 | 1
1 Quad 2-Input Positive-NAND Buffer, 1 SN7438N 01295 1820-0621
Qpen Coll., IC
u2 Not assigned
u3 Hex Schmitt Trig. Inverter, IC 1 SN74LS14N 01295 1B20-1416 | 1
U4-uUg Hex Inverter, IC 3 SN74L504N 01295 18201199 | 3
u7-u9 Quad 2-Input Positive-NAND Gate, IC 3 SN74LS00N 01295 18201197 | 3

Note 1: This assembly is designed for component level repair. Replacement assemblies cannot be supplied.
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Table A4. Option 001 Replaceabie Parts

REF.

MFR. HP
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE | PARTNO. | RS
A200U10 | Dual 4-Input NAND Gate, IC 1 | SN74L520N 01295 1820-1204 | 1
U1 8-Input Positive-NAND Gate, IC 1 SN74LS30N 01285 1820-1207 1
u12 Triple 3-Input Positive-NOR Gates 1 SN74LS527N 01295 1820-1206 1
u13 Dual Mongstable Multivibrator with 1 SN74LS221N 01295 1820-1437 1
Schmitt Trig, Inputs, IC
u14 Not assigned
uisk-u17 Dual High Speed Optically Coupled 3 28480 5082-5495 | 3
Isolators
u1g COS/MOS Hex Inverter, IC 1 CD4069BY 02735 18201404 | 1
ue COS/MOS Quad 2-Input AND Gate, I1C 1 CD4081BY 02735 1820-1486 | 1
U220 COS/MOS Triple 3-Input OR Gate, IC 1 CD4075BY 02735 1820-1405 1
U21-u26 COS/MOS Quad Clacked "D" Latch, IC 6 CD4042AY 02735 1820-1540 | 6
u27 COS/MOS Dual J-K F/F, IC 1 CD4027AE 02735 1820-0938 1
U228 COS/MOS Dual 4-Stage Static Shift 1 CD4015AE 02736 1B20-0976 | 1
Reg., IC
u29 12-Bit D/A Canverter, IC 1 28480 1820-18566 1
A300 Analog Board Assembly (See Note 1) 1
c1 fxd., mica 30pF 5% 500V 1 DM15E300J0500WV1CR| 72136 0140-0203 1
C2,C3 fxd., cer. 220pF 5% 500V 2 2DDTE0L221JAB 71690 0150-01 11 1
C4, C5H fxd., elect. 180uF 50V 2 6720047 562849 01800634 | 1
C6, C7 fxd., cer. 0.1uF, 50V 3 5C50B1-CML 56289 01500121 1
CB, C9 fxd., mica 1500pF 5% 300WVdc 2 28480 (0160-3068 1
c10,Cn fxd., elect. 10uF 10% 20V 2 150D106X902082 56289 01800374 | 1
ci12 fxd., elect. 2000uF, 20V 1 28480 0180-26856 | 1
C13 fxd., cer. 0.14F 50V 5C5081-CML 56289 0150-0121
cl4 fxd., etect. 22uF 10% 15V 1 150D226X301582 56289 0180-0228 1
Ci15 fxd., elect. 1TuF 10% 35V 1 1500105X3035A2 56289 0180-0291 1
CR1-CRB Diode, power rectifier 8 28480 19010327 | 8
CRg Diode, Si. 200mA 75V 1 28430 1901-0050 | 1
Qi, a2 J-FET 2 2N4392 04713 1855-0386 2
Q3 J-FET N-Chan Si. 1 28480 1865-0091 1
Q4, 05 S5 NPN 5i. 3 28480 1854-0071
Q6 S5 PNP 5i. 1 28480 1853-0099 1
Q7 S5 NPN Si. 1 28480 1854-0071 1
R1 fxd., film 61.9k 1% 1/8W 1 C4-1/8-TO-6192-F 24546 07687-0460 | 1
R2 fxd., film 46.4k 1% 1/BW 2 C4-1/8-TO-4642-F 24546 06098-3162 | 1
R3 fxd., film 51.1k 1% 1/8W 4 C4-1/8-TO-5112-F 24546 Q7570548 { t
R4 var. carmet. 20k 10% 3 3006P-1-203 32997 2100-3307 | 1
R% fxd., film 3.57k 1% 1/8W 1 C4-1/8-TO-357R-F 24546 0698-3496
R& fxd., film 17.4k 1% 1/8W 1 MF4C-1/8-T9-1742-F 19701 D698-7269 1
R7 var., cermet. 5k 10% 1 3006P-1-502 32097 2100-3308 | 1
R8 fxd., film 70k 1% 1/BW 1 MF4C-1 1971 06986388 1
R9 var., cermet. 20k 10% 3006P-1-203 32997 2100-3307
R10 fxd., film 12,6k 1% 1/8W 1 Ca-1/8-TO-12562-F 24546 0698-6276 | 1
R11 fxd., film 243 1% 1/8W 1 Ca-1/8-TO-243R-F 24546 0757-0408 1
R12 fxd., film 7.5k 1% 1/8W 1 C4-1/8-T0O-7501-F 24546 0757-0453 1
R13 fxd., film 2.16k 1% 1/8W 1 C4-1/8-TQ-2161-F 24546 0757-0472 1
R14 fxd., film 68.1k 1% 1/8W 1 C4-1/8-TO-6821-F 24546 0767-0461 1
R15 Not assigned
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Table A-4. Option 001 Replaceable Parts

REF, MFR. HP
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE PART NO. | RS
A300R16 fxd., film 90.9k 1% 1/8W 1 C4-1/8-TO-9092-F 24546 0767-0464 1
R17 fxd., film 51.1k 1% 1/8W C4-1/8-TO-5112-F 24546 0757-0458
R18 fxd., film 46.4k 1% 1/8W C4-1/8-TQ-4642-F 24546 0698-3162
R19 var., certhiet. 20k 10% 3006P-1-203 32997 2100-3307
R20 fxd., fitm 11.3k 1% 1/8W 1 C4-1/8-TO-1132-F 24546 06884121 1
R21 fxd., film 9.31k 1% 1/8W 1 C4-1/8-TO-9311-F 24546 0698-0064 | 1
R22 fxd., film 5.62k 1% 1/8W 1 C4-1/8-TO-5621-F 24546 0757-0200 {1
/23 fxd., film 21.5k 1% 1/8W 1 C4-1/8-TO-2152-F 24546 07570199 | 1
R24 fxd., film 51.1k 1% 1/8W C4-1/8-TO-5112-F 24546 0757-0458
R25 fxd.. film 121k 1% 1/8W 3 C4-1/8-TO-1213-F 24546 07570467 | 1
/26 fxd., film 34.8k 1% 1/8W 1 C4-1/8-TO-3482-F 24546 07570123 |1
R27 fxd., film 118k 1% 1/8W 1 C4-1/8-TO-1183-F 24546 06983265 | 1
R28, R29 fxd., film 121k 1% 1/8W C4-1/8-TO-1213-F 24546 0757-0467
R30 fxd,, film §1.1k, 1%, 1/8W C4-1/8-TO-2152-F 24546 0757-0458
T Power Transformer 1 28480 5080-1862 | 1
u Operational amplifier, IC 1 LM301AH 27014 1820-0223 1
U2 Operaticnal amplifier, IC 1 LMm308 27014 1826-0172
U3 Dual ¥15V Reg., IC 1 MC1468 04713 1826-0140 | 1
U4 5V Regulator, IC 1 MC7805C 04713 1826-0144 | 1
VR1 Diode, zener 14.7V 5% 1 28480 19020184 1
VR2 Diode, zener 12.4V 5% 1 28480 1902.3185 1
Mechanical
IC Socket, 14-pin (Address Switch) 1 28480 1200-0485
Pushbutton knobs {Mode switches} 2 28480 0370-2486
Connector 21-pin {A2P1) 1 28480 12561-4054
Standoff, Mounting {A200 board) 2 28480 0380-0644
PC board guide (A300 board} 2 28480 0403-0164
Support bracket 1 28480 06002-00010
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