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CERTIFICATION

Hewier-Packard Company certifies that this product met its published specifications at time of shiprment from the factory.
Hewiett-Packard further certifies that its calibration messurements are traceeble to the United States Nations! Buresu of
Standards, to the extent sliowad by the Bureau's calibration facility, and to the calibration facilities of other Internationsl/
Standards Organization mambers.

WARRANTY
This Hewlett-Packard hardware product is warranted against defects in material and workmanship for a period of one year
from date of dalivary. HP software and firmware products, which are designated by HP for use with a hardware product
and when properly instalied on that hardware product, are warranted nct to fail to execute their programming instructions
due to defects in material and workmanship for a period of 90 days from date of delivery. During the warranty period, HP
Compsny will, at its option, either repair or replace products which prove to be detective. HP does not warrant that the
operation of the software, firmware, or hardware shall be uninterrupted or error free.

For warranty service, with the exception of warranty options, this product must be returned to 8 service facility designated
by HP. Customer shall prepay shipping charges by (and shall pay all duty and taxes) for products returned to HP for warranty
service. Exceapt for products retumed to Customer from another country, HP shall pay for return of products to Customer.

Warranty services outside the country of initial purchase are included in HP’s product price only if Customer pays HP interna-
tional prices (defined as destination loca! currency price, or U.S. or Geneva Export price).

If HP is unable, within a reasonable time, to repair or replace any product to 8 condition as warranted, the Customer shall
be entitied to a refund of the purchase price upon return of the product to HP.

LIMITATION OF WARRANTY
The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by the Customer,
Customer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental
specifications for the product, or improper site preparation and maintenance. NO OTHER WARRANTY IS EXPRESSED OR
IMPLIED. HP SPECIFCALLY DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE THE CUSTOMER'S SOLE AND EXLCUSIVE REMEDIES. HP SHALL NOT BE
LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED
ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE
The above statements apply only to the standard product warranty. Warranty options, extended support contracts, product
maintenance agreements and customer assisténce agreements are a/so svaiabla. Contact your nearest Hewiett-Packsrd Sales
and Service office for further information on HP's full line of Support Programs.




MANUAL CHANGES
Model 6002A Extended Range Power Supply
Manual HP P/N 06002-90001

5/16/89

. 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 |
frmmm e | CHANGES |
| Prefix | Number ] ]
---------- [==mmmmmmmmme e | e |
| ALL | ----- | ERRATA

| 16364 | 00111-00160 | 1,2*,4 |
j 1642a | 00161-00200 | 1,2,3,4 |
| 1651A | 0o0201-00795 | 1,2,3 |}
| 1802A | 02666-02785 | 1-6 |
| 1938A | 00786-03875 | 1-6 |
| 2033A | 03876-0L4325 | 1-T |
| 20koa | ok326-04825 | 1-8 |
| 21134 | ouB26-05875 | 1-9 |
| 2113A | 05876-05925 | 1-10 |
| 2204A | 05926-08025 | 1-10 |
| 2348a | 08026-08300 | 1-11,12%|
| 2k08A | 08301-08350 | 1-12 |
| 24124 | 08351-08750 | 1-13 |
| 2428A | 08751-09000 | 1-14 |
| 2438A | 09001-09500 | 1-15 |
| 2509A | 09501-09700 | 1-16 |
| 2525A | 09701-108%0 | 1-17 |
| 2731A { 10841-11590 { 1-18 |
| 292%A | 11591-11650 | 1-19 |
| 2930A | 11651-up | 1-20 |

ERRATA:

On pages A-19 through A-21 of Appendix A,
make the following changes to the Option
001 Parts List. :

A100J1: HP-IB connector (24-pin) microrib-
bon, Mfr. P/N 57-20240-2, Mfr. Code T178S.

On page A-26 of the Appendix, change the
A200U15 isolator circuit on Sheet 3 of the
schematic (Figure A-15) as follows: Connect
resistor A200R17 (4.12k) between VDD and
pin 6 of isolator A200U15.

On page A-27 of the Appendix, change the
range switch circuit on Sheet 4 of the
schematic as follows:

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

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

In the replaceable parts list, page 6-10,
under Chassis Electrical, change Ul,2 to HP
P/N 1906-022)4.

CHANGE 1:

Two resistor values have been changed to
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 7-9 schematic: Change Al1R19 to 1.5
k, 5%, 3 W, HP P/N 0811-1805, and change
AlR21 to 7.5 k, 1%, 1/8 W, HP P/N
0757-04k0. .

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 extermal
noise.

On page 6-9 of parts 1list, under Front
Panel, add capacitor €2,0.1 microfarad 500
vV, HP P/N 0160-0269.

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

ERRATA:
On schematic (Figure 7-9), change reference
designation of power module capacitor from
"C1" to "C2". 1In the replaceable parts
list, ,sge 6-8, change AlU1,U2 +to IC Op
Amp, HP P/N 1826-0092, and change Al1US to
J¢: Latch, D-Type, CMOS, HP P/N 1820-0958.



CHANGE 3:
In Option 00l instruments, four resistors
have been changed in value 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:
Model 6002A Page -2-

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- Ll21. Change
A300R27 to 36.5 k, 1%, HP P/N 0757-0u55.

CHANGE &4:

This correction to the manual applies 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 A200C7-Cl13,
and C€20-C22 to 0.0l microfarad, 25 V, HP
P/N 0160-2964.

ERRATA:
Under Front Panel - Mechanical on page 6-10
of the parts list, add two lamp header as-
semblies, HP P/N 5060-04S58. These improve
the mechanical stability of the green LED
mode indicators.

On page 6-6, change the part number of
Al1R1S to 2100-1759. The resistor has not
been changed; just its part number has.

ERRATA:
On Table A-4, board A200, change U21-U26
from HP P/N 1820-1540 to 1820-0958.

CHANGE 5:
On page 6-8, A2 Interconnect Board, change
C4¥ to 15 microfarad, 75 V, HP P/N
0180-2900. On page 6-9, Front Panel
Electrical, change ¢1 to 15 microfarad, 75
VvV, HP P/N 0180-2900.

ERRATA:
In Figure A-9, Overall Troubleshooting Flow
Chart on page A-16, change the instruction
box located on the lower rightside of the
chart to read: Check that levels at Q out-
puts of A200U21, U22, and U23 are as

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

1 1{HI)

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” to read:

[First Block (Top)]
Check that levels at Q outputs of AZOOOéi,
U22, and U23 are as follows:

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

[Second Block (Bottom)]

Check that levels at Q outputs of A200 U21,
U22, and U23 are as follows:

Pin Level

2 0(LO)

10 1(HI)

11 1(HI)

1 0(LO)
CHANGE 6:

In the replaceable parts list and on *“e
schematic, add C34, 10pF 300 V mica, HF

0160-2197, to the Al Control Board. C3k4-is
connected in parallel with R70 in the +5 V
Reference Supply (pin 4 to pin 13 of A1U6).

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 AI1CR10 to HP P/N
1901-0841. On page 6-11, the HP P/N for the
Line Cord supplied in the U.S. ect. Should
be 8120-1348. On page A-20 change the KP
P/N of A200U15-U17 to 1990-0608,
A200U21-U26 +to 1820-0958. On page A-21
change the description of A300VR1 to 16.2
V. On page T7-1, the components labeled A2Ch
and A2CS5 should be A3C4 A3CS. On page T7-2,
Figure T7-2, the component located between
R93 and R18 should be labeled VR6. On page
A-20 change the descriptions of A300R112 to
30.1 k and A300R13 to 200k; the HP P/N’s
are correct.
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ERRATA (cont.)
Delete paragraph 3-47 in Manual.

In Table 1-1 specifications under REMOTE
VOLTAGE CONTROL and in paragraph 3-U6
change 50 mV/A +/-10% to read 50mV/A +/-10%
7.5 mV offset.

CHANGE 7:
In the replaceable parts list on page 6-7,
and on the schematic change R108 to 390 ohm
2 W 5% HP P/N 0811-176k4.

CHANGE 8:
In the replaceable parts list page 6-10
change S1 to HP P/N 3101-2456.

CHANGE 9:

Add resistor R117 162 ohm 1/8 W HP P/N
0757-0405 quantity 1 to the replaceable
parts list and the schematic Figure T7-9.
R117 is located in the overvoltage crowbar
circuit, in series with potentiometer R3.
In the replaceable parts list page 6-10 un-
der Chassis 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 qty. 1.

On page A-22, Figure A-12, change the Al100
Input Board’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)

*--v OUT %*--IN BOARD
L S \1/ Booeeo CC WIPER
*__INBOARD *__CC PULLOUT
* - CC WIPER hEEEEE (-6.2v)
*.-cC INPUT *--OUT BOARD
*_o_ - (-6.2V) Woonn (-8)
*__OUT BOARD *..CV WIPER
»___ . (-8) ® e eee CV PULLOUT
*..CV WIPER *--(+6.2V)
*eees CV PULLOUT *----- (-s)
*._(+6.2V) *--V OUT___
* o (+8) *oeooo--\1/
/*--N.C.
4 New Pads/ *--N.C. __
& Names \ *------- \ /

CHANGE 11:
In the replaceable parts list for the Al
Control Board, page 6-5, add C38,10uF, 20
V, EP® P/N 0180-0374, Qty. 1. On page 6-8

add resistor R118, 1K, 1/84W, HP P/N
0757-0280, gty 1. On the Schematic Diagram,
Figure 7-9, locate the Turn-Off 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 R98. Next connect C38 (negative)
to the emitter of Ql10.

CHANGE 12:

In the replaceable parts 1list, page
A-21,delete Cable Assembly HP P/N 8120-3691
and Header Assembly HP P/N 1251-7820
previously added in change 10 and add in
there place 16 conductor flat cable,HP P/N
8120-4466, gty 1. This cable connects the
Input Board to the Digital Board.

* This change also applies to units with
the following prefix-serial numbers;
2348A-08251 through 2348A-08300.

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

On page 5-14 paragraph 5-88, change step b.
to read: Program externally using either
1000 ohm or S00mV and turn on the supply.

On the same page, paragraph 5-89, change
step c¢. to read: Program externally using
1.25mV or 2.5 ohms and adjust A1R6 for 25mA
indication. Change in step d."Adjust AlR6
for O0+/-50Vdc” to "“Adjust AlR6 for O
+50uvde”. :

ERRATA

In the specifications table 1-1, page 1-3,
OVERVOLTAGE PROTECTION should read "Trip
Voltage adjustable from 3.5V to 60V." Page
1-1 paragraph 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."



Model 6002A Page -U-

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 voltage.

CHANGE 13:
In the replaceable parts list page
6-10,under A2 Interconnect Board
Mechanical, change Heat dissipator TO-3
(Q1,CR11) to HP P/N 1205-0561.

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

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 fromt, HP P/N 06002-00012,
TQ 1, and sub panel front, HP P/N
06002-00013, TQ 1. On page 6-9, under Front
Panel Electrical, 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 CU,5 to 12000uf 100Vde, HP
P/N 0180-3578, TQ 2.

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

®

[T ] scnen o voweR 1907 oo ron

. vous AEERES

<D

O O ®O0

ERRATA:
In the replaceable parts list, page 6-10,
under A2 Interconnect Board, change ter-
minal block jumpers to HP P/N 0360-2187.

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

frame, 1/2 module to HP P/N 5021-5817, Rear
frame, 1/2 module to HP P/N 5021- 5818
Corner strut, 17" to HP PB/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 5041-6820.

On page 1-1 under ACCESSORIES change Two
Front Handles to HP P/N 5061-9690, Lock
Link to HP P/N 5061-969k4, 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 5061-9678, Support Shelf to HP
P/N 5061-9698 and Front Filler Panel to HP
P/N 5061-9727.

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

CAUTION
Most of the attaching hardware in
this unit is non-metric (sometimes
called English or inch). The-only
metric fittings are listed below. = 7
a. Strap handle screws, Qty. 2
b. Strap handle nut, Qty. 1
c. Screws attaching side struts

to front and rear chassis,

Qty. 16

CHANGE 1T:
In the replaceable parts list page 6-7 and
on the schematic Figure 7-9 change resistor
AIRTS to 261K 1/8 W, HP P/N 0698-3455.
Also, on the schematic change the frequency
of the clock (ref.AlU3) to O9Khz. On page
7-4 change <the following wave forms in °
figure 7-8;

TP2-TP4 change LT7us to 102us.

A3Q1/Q2 Base to Emitter change U45Sus to
100us.

A2Q1/Q2 Collector to Emitter change 47us to
102us

In the replaceable parts 1list, page t.._..-
under Al Heatsink Board (Top) and AS
Heatsink Board (Bottom) change Ql1-3 to HP
P/N 185L4-1070.
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>CHANGE 18:
In the replaceable parts list for option
001, A300 Analog Board Assembly, page A-20
delete C6,7,13 HP P/N 0150-0121, C8,9 HP
P/N 0160-3068, and U3 HP P/N 1826-0140. Add
the following parts to the Analog Board
Assembly page A-20;

Q8, PNP transistor HP P/N 1853-0234, TQ 1
Q9, NPN transistor HP P/N 1854-0456, TQ 1
R31,32, 47 ohm 1/4W, HP P/N 0683-4705, TQ2
R33,34, 10 ohm 1/8W, HP P/N 0757-0346, TQ2
C€6,7,13 0.1luf, S50V, HP P/N 0160-4835, TQ3
c8,9, 1800pf, HP 0160-4820, TQ 2

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

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

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

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

T

- —AAA > +5
R31 _% R33
a7 )
v +
+
c8 c10
“ X R e ’ - T M D
™\ TN
® ] 04 1800PF 20v
50V 50V 7 4 3 2 1
>
8 " 2 13 14
v + + ‘1 7
1 i S
c5 -~ C7 b B +
e R T
R &% o 2
- N v -5



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.

ERRATA:

FOR OPTION 001 UNITS: Change the part number
for IC Regulator from HP P/N 1826-01Ll to HP

P/N 1826-0122 (qty 1)
ERRATA:

Change the part number for Connector, con-
tact - male, from HP P/N 1251-0646 to HP P/N
0360-1498. (qty 21).

ERRATA:

Change  the part number for Meter Bezels from
HP P/N 4040~ 0906 to HP P/N 4O40-0297 (qty
2)

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:

from HP P/N 06002-00012 to
HP P/N 06002-00015 (qty 1)

Front Panel

Cover-Top from HP P/N 06002-00014 to
HP P/N 06002-00016 (qty 1)
from HP P/N 5061-9573 to
HP P/N 5062-3873 (qty 1)

Cover-Bottom

from HP P/N 5021-5817 +o
HP P/N 5021-8417 (gty 1)

Frame Front

from HP P/N 5040-7201 to
HP P/N 50u41-8801 (qty &)

Feet

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

from EP P/N 5041-6819 to

End Cap
HP P/N 5041-8819 (qty 1)

Trim sides

Option 800
{rack kit)
1)
Option 908
(rack kit)
1)

from HP P/N 5041-6820 to
HP P/N S041-8820 (qty 1)

from HP P/N 5040-T7203 to
HP P/N 5041-8803 (qty 1)

from HP P/N 5001-0k c¢o

HP P/N 5001-0540 (qty 2)

from HP P/N 5061-0077
to HP P/N 5062-3978 (qty

from HP P/N 5061-9660
to HP P/N 5062-3060 (qty



SAFETY SUMMARY

The following general sefety precsutions must be observed during all phases of operstion, service, and repair of this instru-
ment. Feilure to comply with these precautions or with specific wernings elsewhere in this manual violates safety standsrds
of design, manufacture, and intended use of the instrument. Hewlett-Peckard Company assumes no lebility for the

" customer’s failure to comply with these reguirements,

BEFORE APPLYING POWER.

Verify that the product is get to match the available line
voltage and the corract fuss is instalied.

GROUND THE INSTRUMENT.

This product is a Safety Class 1 instrumant (provided with a
protactive earth terminal). To minimize shock hazard, the in-
strumant chassis and cabinat must be connected 10 an glec-
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 slectrical ground
{safety ground) at the power outlet. For instrurnents designed
to be hard-wired to the ac power lines (supply meins), connect
the protective earth terminal t0 a protective conductor before
any other connection is made. Any interruption of the protec-
tive {grounding} conductor or disconnaction of the protective
earth terminal will cause a potential shock hazard that could
result in personal injury. if tha instrument is to be energized via
an external autotransformer for voltage reduction, be cerisin
that the autotransforrner common terminal is connacted to the
neutral (earthed pole} of the ac powaer lines (supply mains).

INPUT POWER MUST BE SWITCH
CONNECTED.

For instruments without a built-in line switch, the input power
lines must contain a switch or another adequate mseans for
disconnecting the instrumant from the ac power lines (supply
mains}.

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE.

Do not operate the instrument in the presence of flammabie
gases or fumes.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers.
Component replacement and internal adjustments must be
made by qualified service personnal. Do not replace com-
ponents with power cable connected. Under certain condi-
tions, dangerous voltages may exist even with the power cable
removed. To avoid 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 fiiter to reduce
slectromagnetic interference and must be connected 10 a pro-
perly grounded receptacle to minimize slectric shock hazard.
Operation at line voitages or frequencias in excess of those
stated on the data plate may cause leakage currents in excess
of 5.0 mA pesk.

SAFETY SYMBOLS.

Instruction manual symbol: the product
will be marked with this symbol when it
is necessary for the user 1o refer to the
instruction manual (refer to Table of
Contents). -

Indicates hazardous voitages.

indicate earth (ground) terminal.

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

WARNING

The CAUTION sign denotes a hazard. it
calls attention to an operating pro-
cedure, or the like, which, if not correct-
ty performed or adhered to, could resuft
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 fulty understood and met.

CAUTION

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMENT.

Because 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
Mewlett-Packard Sales and Service Office for service and
repair 10 ensure that safety features are maintained.

Instruments which appear darnaged or defective should be made inoperative and secured against unintended operation unti!

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
unique extended range technigque 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 output from 20V, 10A to 50V,
4A. The output is completely adjustable through the entire
operating range of 0 to 50 volts and O to 10 amps by front
panel voitage and current controls.

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

14 Output voltage and current are continuously in-
dicated on individual front panet 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 overvoltage
protection condition.

1-5 The overvoltage protection crowbar circuit protects
the users ioad by quickly and automatically shorting the
output terminals if a preset trip voltage is exceeded. A
screwdriver control on the front panel sets the overvoltage
trip point and can be adjusted between 2.5V and 60V. If
several of these supplies are instalied in the same system
their crowbar circuits can be “slaved’’ together so that all
supplies will crowbar if any one of them doss.

16 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.

17 Remote programming, remote sensing, and several
methods of operating supplies in combination of two or three
are made possible by rear pane! terminals that allow access

to control points within the regulator circuits. These capa-
bilities are described in Section |11,

18  SPECIFICATIONS

1.9 Detailed specifications for this power supply are
given in Table 1-1,

1-1

1-10 OPTIONS

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

OPTION NO. DESCRIPTION
001 HP-IB Interface: Allows the supply to

be digitally controlled via the HP-1B from
a calculator, computer, or other controlier.
This modification involves the changing

of internal PC board jumpers and the
addition of three PC boards, two switches
and an HP-IB connector. Either the out-
put voltage or current can be programmed
by the HP-I1B controller

1-12 ACCESSORIES

1-13 The System-i| cabinet accessories listed below

may be ordered with the power supply or separately from

your local Hewlett-Packard field sales office (refer to list at

rear of manual for addresses). All accessories applicable to

System-1] modular cabinets are fully described and illus-

trated in the Hewlett-Packard catalog.

HP Part No. Description

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

5061-0094  Kit of lock link 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 1o be rack mounted side-
by-side.

1460-1345  Tilt stand snaps into standard foot supplied
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 ha!f modute units,



506 1-0055

506 1-0098

$061-2027

1494.0015

7" high. Kitincludes two rack flanges (ears).
Also, ock-together kit (5061-0094) is required
for joining the two supplies together. The
cabinets must also be of equal depth (17”).

Rack mounting kit for two units {one half
module width and one quarter module width).
Kit includes one rack flange and one quarter
width extension adapter. Lock-together kit
{5061-0004) is required for joining the two
supplies.

Support shelf for mounting one or more 7°'
high units which are half module or quarter
module width. Cabinet depths need not be
equal.

Front filler panel (half module width) for
77 high support sheif.

Slide kit for support sheives mounted in
HP rack enclosures.

1-14 INSTRUMENT AND MANUAL

1-18 Hewlett-Packard power supplies are identified by

3 two part serial number. The first part is the serial number
prefix, a number-letter combination that denotes the date of
a significant design change and the country of manufacture.
The first two digits indicate the year (10 = 1970, 11 = 1971,
etc.), the second two digits indicate the week, and the letter
"A" designates the U. S. 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 not
agree with those on the title page of the manuai, Change
Sheets supplied with the manuai of Manual Backdating
Changes define the difference between your instrument
and the instrument described by this manual.

1-177 ORDERING ADDITIONAL MANUALS

1-18 One manual is shipped with each power supply.
Additional manuals may be purchased from your local
Hewlett-Packard field office (see the list at the rear of this
manual for addresses). Specify the mode! number, serial
number prefix, and the HP Part Number provided on the

Unit has ac power module which is settable to:
100/120/220/240Vac (—13%, +6%), 48-63Hz. A 3-wire
@etachable line cord is supplied.

DC QUTPUT:
Adjustable from 0-50V and 0-10A. Maximum output
powver is 200W from 20-50V.

LOAD EFFECT (LOAD REGULATION):
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 aload change equal to the maximum voltage rating of
the supply.

SOURCE EFFECT (LINE REGULATION):

Constant Voltage — Less than 0.01% of output pius ImV
for any line voltage change within rating.

Constant Current — Less than 0.01% of output pius 1mA
for any line voltage 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.

IDENTIFICATION title page.
Table 1-1. Specifications, Mode! 6002A
INPUT POWER: TEMPERATURE COEFFICIENT:

Constant Voltage — Less than 0.02% plus 200uV change
in output per degree Celsius change in ambient following
2 30-minute warmup.

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

DRIFT (STABILITY):

{Change in output over an 8-hour interval under constant
line, load, and ambient temperature following 3 30-minute
warmup].

Constant Voltage — Less than 0.05% of output plus 1TmV.
Constant Current — Less than 0.05% of output plus 5mA.

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: 100Q/A+7%

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

1-2



Table 1-1. Specifications, Model 6002A (continued)

RESPONSE TIME:
Maximum time for output voltage to change between
0 10 99.9% or 100% to 0.1% of maximum rated output
voltage.
up: No Load — 100msec
Ful! Load — 100msec
DOWN: No Load — 400msec
Full Load — 200msec

OVERVOLTAGE PROTECTION:

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

DC OUTPUT ISOLATION:
150Vdc

TEMPERATURE RATINGS:

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

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

Cv: 10mVv  CC:10mA

OUTPUT IMPEDANCE:
Typical value is 0.5mS2 in series with TuM.

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

DIMENSIONS:
{See Figure 2-1)

WEIGHT:
Net: 14.5kg. {32 1b) Shipping: 15.9kg. (35 1b)







SECTION Il
INSTALLATION

21 INITIAL INSPECTION

2-2 Before 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,

23 Mechanical Check

24 This check should confirm that there are no bro-
ken knobs or connectors, that the cabinet and pane! 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 {1l contains
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.
2-7 REPACKAGING FOR SHIPMENT

2-8 To insure safe shipment of the instrument, it is
recommended that the package designed for the instrument
be used. The original packaging material is reusable. 1f 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. Before applying power to the instrument, read
paragraph 2-18.

2-11  Location and Cooling

2-12 This instrument is fan cooled and must be installed

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

2-13 Outline Diagram

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

2-15 Rack Mounting

216 This supply can be rack mounted in a standard
18-inch rack panel either by itself or alongside another
half (or quarter) System-I| module of equal height and
depth. All rack mounting accessories for this unit are
listed in paragraph 1-12. Also, compiete installation
instructions are included with each rack mounting kit.

2-17 Input Power Requirements and Line
Voltage Conversion
218 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

(2] .60 s
1421 ¢l ! 0 ten!

§
i
)

A

N

I
L
| DO]
fs

Figure 2-1. Outline Diagram



power spurce. 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 nominal line voitage of the source. The operating
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. Slide down plastic door on power module.

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

d. Remove PC board from slot by inserting pointed
obiject 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 firmly back into siot.

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 {6A for 100V or 120V and 4A for 220V
or 240V).

f. Close plastic door and connect power cable.

2-19  When the instrument leaves the factory, the 6A
fuse is instalted for 120V operation. An envelope contain-
ing a 4A fuse for 220V/240V operation is attached to the
instrument. Make sure that the correct fuse value for F1
is instalied 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 5.6A
220Vac 191-233Vac 3.0A
240Vac 208-250Vac 2.8A

2-2

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 of this manual lists all of the
power cords associated with this unit. If a different power
cord is desired, contact your nearest HP Sales Office.

223 To protect operating personnel, the National
Electrical Manufacturers Association (NEMA) recommends

that the instrurmnent panel and cabinet be grounded. This
instrument is equipped with a three conductor power cable.

The third conductor is the ground conductor and when the

cable is plugged into an appropriate receptacle, the 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 outlet, use a three-prong
to two-prong adapter {if permitied by local regulations) and
connect the green lead on the adapter to ground.

POWER MODULE

Caoreting shizgs o W 1 module LS vOLTAGE SELECT

P.C. BOARD

Figure 2-2. Line Voltage Conversion



SECTION il
OPERATING INSTRUCTIONS

3-1 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. If 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 voltage to be
used as outlined in Section 1. If unit is equipped with
HP-IB interface {Option 001) ensure that rear pane! switch
is set to LOCAL before proceeding.

_ b. Ensure that CURRENT control @ is rotated
clockwise at least two turns and OVERVOLTAGE poten-
tiometer (2) is fully clockwise. ‘

c. Set LINE switch @ to ON and observe that pilot
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-

-

voLTasE BUOT o022 gt

dd o 60 0O

VOLTAGE control @ {screwdriver adjust) counter-

clockwise until unit crowbars, Voltage should drop to

near zero and OVERVOLTAGE 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. Output voltage should return to
value set in step d.

g. Tocheck 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, wirn supply back on and rotate CURRENT
control (5) through output current span as indicated on
ammeter (6) . CURRENT MODE light (8) should be
on 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

3-4 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 normal
strapping pattern as it is connected at the factory. Later
paragraphs cover some optional operating modes inciuding

Figure 3-1. Front Panel Controls and Indicators

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 (avaifable at no charge from your local HP Sates
Office).

3-5 NORMAL OPERATING MODE

3-6 This power supply was shipped with the proper rear
panel strapping connections made for constant-voltage/
constantcurrent 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 current controls,
the operator selects either a constant-voltage or a constant-
current output as described later, in paragraphs 3-10 or 3-12.
Whether the supply functions in the constant-voitage or
constantcurrent 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
5A respectively. For values of load resistance greater than
the sample crossover value of 8 ohms, the supply operates
in the constant-voltage 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 {ocus similar to that shown in
Figure 3-3 will be established for all voltage and current
settings within the 200 Watt output boundaries. However,
if the operator sets the voltage or current controlis 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 Overrange. This suppty will be driven into over-
range {shaded area of Figure 3-3} if the voltage and current
controls are set above the 200W rating and the load resis-
tance exceeds a 200W critical value. For example, assume
that the operator sets the VOLTAGE control at 40V and
the CURRENT control to 10A (Figure 3-3). For all load
resistances above 8 chms (which is the 200 Watt critica!
value} the supply would operate normatly in the constant
voltage mode. !f the load resistance were to fall much
below 8 ohms, however, the supply would be forced into
overrange. If the load resistance continued to decrease to
3 2 ohm value, the supply would automatically come out
of overrange and into the constant current mode at the 10A,
20V point. {The supply will probably go out of regulation
while operating in the overrange region, refer to paragraph
3-9).

3-8 The OVERRANGE indicator on the front panel

CONSTANT V'J.Z'AGE
OPERAT ING REGION

4oV ————= =
(Eg)

Eour

20v | CONSTANT CURRENT

(RUSREI—, OPERATING REGION

\

bl

54 84 104
‘1g)

Loyt -
Eg® YOLTAGE CONTROL SETTING
1g* CURRENT CONTROL SETTING

3
R¢: _l_S_ »CROSSOVER WALUE OF LOAD RESISTANCE
H

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

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

3-9 Note that the supply can operate in the overrange
region (beyond the 200 Watt Jimits) for sustained periods
without being damaged. However, the supply is not guaran-
teed to meet specifications in overrange. QOutput 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 voltage for each current setting is indicated on the
ammeter.

NOTE

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

the 200 Watt rating and stilf maintain regulation.
If this occurs, the unit will operate normally and
the OVERRANGE 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

3-11 To adjust the supply for constant voltage operation:
a. Turn on supply and, with output terminals open,



adjust the VOLTAGE control for the desired output volitage.

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. If a load change causes this current limit
to be exceeded, the supply automatically 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 for high peak
currents that couid cause unwanted crossover,

3-12 Constant Current Operation

3-13
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 output terminals and adjust the

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 preset voltage limit and the output current
drops proportionately. in setting the voitage limit, make an
adequate allowance for high peak voltages that could cause
unwanted crossover,

3-14 Overvoltage Protection

315 Adjustment. The crowbar trip voltage is adjusted
by using the screwdriver control 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 control clockwise sets the trip voltage higher.
(It is set to maximum at the factory.)

3-16 When adjusting the crowbar trip poing, the possi-
bility of false tripping must be considered. if the trip volt-
age is set too close 10 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 voitage by at least one voit. To adjust the
crowbar trip voltage, proceed as follows:

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

b. Set output VOLTAGE control to desired trip
voltage.

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

d. Turn off supply and turn down output voitage.

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

317 Resetting the Crowbar. !f the crowbar trips during

To adjust the supply for constant current operation:

33

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

3-18 System Crowbar Connections. The crowbar Circuit
contains an extra winding which is connected across termi-
nals A13 and 7 on the rear terminal board. These terminals
provide a pulse output if the overvoltage circuit trips or;
conversely, can receive an external input pulse which can be
used to trip the circuit. The correct polarity must be ob-
served in the external circuit with the A13 terminal being
positive. If the terminals will be used for input tripping,
the external pulse must have the following characteristics:

{nput 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:

Output pulse:

Amplitude: 4 — 12 Volts

Width: 2 — 7usec

Load Impedance: 10S2 (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 lcad should be at least heavy enough 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 remote 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 {oads 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 10ad considerations require the use of ocutput
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 shieided wires and each load shouid be separa-
tely connected to the remote distribution terminals. Remote
voltage sensing would be required under these circum-

stances (paragraph 3-27).

3-24  Either positive or negative voltages can be obtained
from this supply by grounding one of the output terminals
or one end of the ioad. Always use two wires 1o connect
the load to the supply regardiess 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.

3-25 OPTIONAL OPERATING MODES

3-26 The optional operating modes discussed in the
following paragraphs include: remote voltage sensing,
remote programming, auto-parailel 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 unavoidable voltage drop developed
in the load teads, 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 34 improve the voltage reguiation at the {oad by
monitoring the voltage there instead of at the supply’s
output terminals. (The advantages of remote sensing apply
only during constant voltage operation.) The following
parawaphs discuss some precautions that should be observed
when making a remote sensing instaliation.

3-29  The load leads should be of the heaviest practicable
wire gauge, at least heavy enough to limit the voltage drop
in each tead to 0.5 voit. 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. If this is a factor
in your application, check the transient recovery time (see
Section V) using the actual iead lengths that will be used in

34

Figure 3-4. Remote Sensing

your setup. The inductance of long load ieads 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 load leads, it may
be necessary to readjust the overvoltage trip point
in the remote sensing mode.

3-30 Since the sensing leads carry only a few mitliamps,
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 output. The shield shouid be
grounded at one end only and should not be used as one of
the sensing conductors. The sensing leads should be connect-
ed asclose to the foad as possible.

3-31 The sensing leads are part of the supply’s program-
ming circuit, so they should be connected in such a way as )
to make it unlikely that they might inadvertently become
open circuited. {f the sensing leads open during operation,
the output voltage will tend to fall. Although the decay
may be limited by protection diodes A2ZCRS-CR10, it is
recommended that no switch, relay, or connector contacts
be included in the remote sensing path.

CAUTION

When using remote voltage sensing, it is possible to damage
the supply by disconnecting a load lead while the sensing lead
is still connected and the supply is energized. If a load lead
becomes disconnected, current flows through internal pro-
tection diodes CR9 and CR10, the sensing leads, and the

Joad and may burn out the diodes or connecting track on

the PC board.



3-32 Remote Programming

3-33 The output volitage or current of this supply can
be remotely controlied 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 Hewlett-Packard Interface Bus (HP-IB,
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 1o 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.) To 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 °Canda power rating at ieast 30
times what they will actually dissipate.

3-36 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 output or 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 currerit
programming disables the corresponding front panel controls.

3-37 The foliowing 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 should not be used as a conductor
but should be connected to ground at one end only.

3-38 Although the following connection drawings
(Figures 3-5 through 3-7) show the supply strapped for
local sensing, it is possible to operate the supply simuitan-
eously in the remote sense and remote constant voltage pro-
gramming modes.

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

3-5
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Figure 3-5. 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 chms 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 is factory
adjusted to within 7% of ImA. 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
Saction V).

340 Resistor Ry replaces the internal 50 offset
resistor (A2R1) that is disconnected {atong with the front
panel control) by the connections of Figure 3-5. The addi-
tion of Rx 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 ohm
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 —S) 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 overvoltage trip point should be properly
adjusted to protect the users /oad.

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 Output 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 voltage of 50mV in addition
to the toierance of £20mV. 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.

3-42 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 source (Es) replaces the +6.2V internal
reference and resistor R x replaces the constant voitage
putiout resistors (A1 R12-R15). The voltage gain (between
Es and EOUT) is equal to the resistance ratio Rp/Rg.

3-43  Reference resistor Rp must be less than 10k ohms
and must be selected so that the programming current
fiowing through it is at least 1 milliamp when the voltage
source lES) is set to maximum. Once Rp 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 piace of external gain control Rp by
deleting the external gain control from the circuit and
strapping together terminals A1 and A2. Of course, a fixed
external resistor can aiso be used in place of Rp if required.
In any event, both Rp and Rg should be precision, wire-
wound resistors. Notice that an offset voltage exists in this
rmode similar to that in unity gain voltage programming
‘(paragraph 3-41). If an external gain control is used, this
offset voltage will be 70mV {maximum). If the front panel
voltage control is used the offset voltage will be less (20mV,
maximum).

344 Constant Current Output, Resistance Control. The
rear papel connections shown in Figure 3-8 aliow 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 S00uA 7% determines
the exact value of its programming coefficient of 100 ohms
per Ampere. if the 7% accuracy of this coefficient is not
adequate, it may be adjusted to within 0.5% with internal
potentiometer A1R1 {refer to Section V).

345 Resistor Rx {15 ohms) replaces internal resistor
A1R3 which is disconnected, along with the front panel cur-
rent control, by the connections of Figure 3-8. This resistor
provides a small amount of end resistance so that the output
current can be adjusted to exactiy zero (by A1R6) when the
current programming resistor is shorted, or set to minimum.
Section V gives the adjustment procedure for zeroing the
output current using the internal offset adjust potentiometer,
A1TR6.

CAUTION

Do not allow programming terminals A4 or A6 to
become open-circurted 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 Tk ohm protection resistor be connect-
ed across the programmming terminals. Of course, when
this resistor is used, the resistance value actually pro-
gramrning the supply is the paraliel combination of the
remate programming resistance and the resistor across
the programming terminals. Like the programming
resistor, this resistor should be a low noise, low tern-
perature coefficient type.

Al
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Figure 3-7. Voltage Programming of Output Voltage
{Variable Gain)



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
to 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 output current to exactly zero with
a zero programming voltage, adjust A1R6 as outlined in
Section V.

348 Auto-Parallel Operation

349 Figure 3-10 shows the interconnections required

to auto-parallel two units. This mode of operation provides
a greater current capacity than can be obtained from a
single supply while maintaining nearly equal load sharing
among the paralleled supplies under all load conditions.
Only supplies having the same mode! numbers can be used in
auto-parallel uniess the supplies all have equal current ratings
and the voltage drop across the monitoring resistor in each
supply is equal at maximurm rated current.

3-50 Additional Slave. One additional slave 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 one and
the added supply (slave number two). The remaining term-
inals on slave number two should be strapped the same as
those shown for slave number one on Figure 3-10.

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 load 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 stave(s) is
disabled, but its current contro! 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.

X VOLTAGE
SOURCE
(0.6v MAX)

A3 A1l

Figure 3-8. Resistance Programming of Output Current

Figure 3-10. Auto-Parallel Operation of Two Units




3-52 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 siavel(s)
must be made to permit the overvoltage crowbar in the
master to fire the SCRs in the master and the sfave(s} if an
overvoltage condition occurs. Be sure to connect them with
the correct polarity shown. Set the slave supply overvolitage
control(s}) to maximum {cjockwise) to disable them, and
adjust the overvoltage trip point at the master supply.

3-53  Auto-Paraliel With Remote Sensing. To combine
auto-parallel operation with remote sensing, connect the
supplies as described above but remove the +S and —S
jumpers from the master supply and connect the +S and
—$S terminals directly to the {+) and {—) ends of the load.
Observe the precautions outlined under paragraph 3-27.

3-54 Auto-Paraliel With Remote Programming. When
two or three supplies are connected in auto-paraliel, their
combined output voltage, current, or both can also be
remotely programmed from the master suppty. Observe
all precautions outlined in the paragraphs on remote pro-
gramming. The simuitaneous use of remote sensing and
remote programming is also possible during auto-parailel
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 aiways 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 supplies’ 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 iowest current setting limits the
maximum output current of the combination. Mixed model
numbers can be employed in auto-series combination, pro-
vided that each slave is capable of auto-series operation.
Any wellwegulated, variable output supply can be used &
the master.

3-57 in applications where coordinated positive and
negative voltages are required, grounding the center tap of
an autoseries combination of supplies allows simuitaneous
proportional control of both supply voltages.

38

3-58 Value of Rx. As shown, each slave supply has an
external resistor Ry that provides its’ voltage programming
current. The vaiue of Ry is determined by dividing the
constant voltage programming current of the siave supply
into the maximum rated output voltage that wiil be received
from the master supply. For two Modei 6002A supplies,
Rx would be 50V/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 °C and a
power rating of at least 30 times what it will actually
dissipate.

A3

% VALUE 18 FOR TWO MODEL
60024 SUPPLIES. SEE
TEXT FOR VALUE COMPU-
TATION.

Figure 3-11. Auto-Series Operation of Two Units




3-89 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-
mum, 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 overioad or short circuit at the
output will cause the master supply {or the master and the
first slave) to force current through the reverse volitage
protection diodes at the outputs of the downstream slaves.
Because this current could be excessive either for the diodes
or the load, the current controls of the slave supplies
should be set to maximum and the master supply’s current
controls used to establish the output current or current
timit.

362 Overvoltage Protection in Auto-Seriss. 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 to 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 overvoitage
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 last slave
supply and connect the +S and —S terminals directly to the
{+) and (—) ends of the load.
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364 Auto-Series With Remote Programming. When
two or three supplies are connected in auto-series, their
combined output voltage, current, or both can also be
remotely programmed. Refer to the apbropriate sections
for the additional rear panel connections required and
make these connections to the master supply only.

3-65 Auto-Tracking Operation

3-66 Figures 3-13 and 3-14 show the rear pane! inter-
connections required to operate two or three supplies in

the auto-tracking mode. This mode of operation allows

two or three supplies that share a common negative output
bus to power separate loads and have their output voltage
simultaneously programmed by the voltage and current con-
trols of a master supply. Unless their outputs are to be equal,
the supply that is to have the greatest output voltage must
be selected as the master. The output voltage of each slave
supply is a constant percentage of the master’s with the
percentage for each siave established by a voitage divider
consisting of Ry and the voltage control of the slave supply.
Mode! numbers can be mixed in an auto-tracking configu-
ration.

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

a. Epy, the maximum voitage desired from the
master supply.

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

c. RP. the resistance of the slave supply’s voltage
control.
To find Ry use the formula:

Al

XEXZE

OPTIONAL CROWBAR
CONNECTIONS. SEE TEXT.

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



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

Rx = (50V X 50k{2/20V) —50k = 75k§2

3-68 If the temperature coefficient and stability
specifications of the supplies are to be maintained, RX
must be a stable, low noise resistor with 2 temperature
coefficient of less than 30ppm per °C and a power rating
at least 30 times what it will actually dissipate.

3-69  Note thatif the auto-tracking slave’s voltage will
equa! the output of the master, the value of RX = 052,

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

3-70  Setting the Voltage and Curfent 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. 1f the master
supply goes into the constant current mode, the output
voltages 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.

3-71 Overvoltage Protection in Auto-Tracking. Parallel-
ing the crowbar circuits, as is required for the auto-parallel
and auto-series modes, is optional in the auto-tracking
mode. If the extracrowbar windings in the master and in
the slave supplies are not paralieled, the overvoltage pro-
tection circuit in each supply independently monitors the
voltage across its own load. Then if the master supply
crowhbars, 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 simuitaneously 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.

3-73 Auto-Tracking With Remote Sensing. To combine
auto-tracking operation with remote sensing, connect the
suppiies as described above but remove the +S and ~S
jumpers from each supply and connect the +S and —S ter-
minals directly to the (+) and {—} ends of its load.

3-74 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 controtied 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.

3-75 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 iow (approximately 0.5V with respect to ) 10
high (approximately +6V} when the supply goes into the
constant current mode. This signal can be readity amplified
to perform system tasks required by the user.
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CORNECTIONS. SEE TEXT

Figure 3-14. Auto-Tracking Operation of Three Units
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SECTION IV
PRINCIPLES OF OPERATION

4.1 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 output characteristic of each type. Figure 4-1 (A)
shows that maximum output power (200 Watts in the
exampie) from a standard supply can be obtained at only
one point on its’ rectanguiarly shaped locus. Maximum

output power from the 6002A supply, however, is available «

at many points along 3 ‘‘constant power”’ curve ranging
from a S50V, 4A to 20V, 10A (see Figure 4-1 (B)). Thus,
one extended range supply provides maximum output
power over a wide range of voltage and current combina-
tions.
4-3 OVERALL DESCRIPTION

4-4 Figure 4-2 is a simplified schematic showing the
major 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, STANDARD CV/CC, 200w SUPSLY

cv
OPERATING
REGION
/ /~Pour uax
f 20v (200 wATTS)
™~ cc
Four OPERATING
REGION
104

'o,}?-—-ao
8. MOOEL 60024, EXTENDED RANGE SUPPLY

/—’om MAX
(200 WATTS)

104

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

4-1

supply is shown in its entirety on the main schematic at
the rear of the manuai. On both the main and simplified
schematic diagrams, the functional circuit designations
are the same so that both diagrams can be correlated.
4-5 Major Circuit Divisions

4-6 The supply can be divided into three major circuit
groups: a series regulator feedback loop, an overvoltage
protection ‘‘crowbar’’, and a tap selection and control cir-
cuit. A supplementary reference supply is also inciuded 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 Hewiett-Packard. The tap
selection triacs and control logic, however, are related only
to extended range power supplies. It is these circuits that
govern the extended output characteristic shown in Figure
4.1 (B). :
4-7  Tap Selection Triacs and Control Logic

4.8 These circuits consist of a pair of triac switches
operating under control of the tap selection control logic.
The function of these circuits is to control the amplitude
of the ac that is applied to 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 cycie 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 controt 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 RFIl 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 output voltages, the con-
trol logic forces the supply to operate in region number one
by hotding 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 contro!
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
occurs automatically and can be updated every half cycle
of the input ac, as previously mentioned.

4-10 Notice on Figure 4-3, that the four operating
regions are determined by an-output voltage decision line
{VOD) and two output current decision lines (IOD1 and
IODz). These decision lines serve as reference points and
are established by a set of three comparators {Figure 4-2).
The VOD comparator compares a sampie of the output
voltage (voitage between —OUT terminal and @ ) with a
dc reference level (VOD reference). If 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 puises. With no clock pulses applied
to the control logic, no firing putses 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 one, or both, of the
triacs is fired based on the output of the 10D 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 control, the
supply operates in region two, 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 reftect the condition of the comparators. Notice that -
the 10D 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 both 10D reference points
shift to the left (by approximately 15% at high line) 1o 2
lower current level. The reverse occurs, if the ac line voltage
decreases.

4.12 Seriss 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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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 voltage comparison amplifier, and the
constant current comparison amplifier.

4-14 For normal operating 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 output voit-
age of the supply with the drop across the VOLTAGE
control. 1f these voltages are not equal, the comparison
amplifier praduces an error signal that is further amplified
and fed back to the series regulator in the correct phase and
amplitude to make them equal. In this manner, the constant-
voltage comparator holds the output voltage constant and
at the leve! established by the VOLTAGE control.

4-15  During constantcurrent operation, the constant-
current comparison amplifier detects any difference between
the voltage drop developed by load current fiowing 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
aiters the conduction of the series regulator by the amount
necessary to reduce the error voltage to zero. Hence, the

{ R 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 atlows the output current

to change whenever the load 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 constantcurrent source. To
enable one comparator or the other to take control, the
outputs of both comparators are connected to the input

of the mixer amplifier through an OR gate.

4-17  Operation of Loop During Overrange. Throughout
the previous 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 possibie for this
supply to operate outside the 200 Watt operating fimits

if the voltage or current contro! 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 controls 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).

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

to control the feedback loop during certain operating con-
ditions. The turn-off control circuit minimizes output over-
shoot whenever the supply is turned off. The circuit is
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.

4-19  Transistor A105 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 gross current limit transistor, A2Q2, provides
backup pratection for the constant current comparison
ampilifier. This transistor monitors a portion of the output
current {{R 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 circuit protects {oads against excessively high
voltage, as might result from a series regulating transistor
failure. {t monitors the output voltage of the supply
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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 to the series
regulator 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 overall description, will be described. Through-

out this discussion refer to the fold-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 accompilish this, the
circuit controls the conduction of a pair of triac switches
which, in turn, controi the raw dc that is applied to the
series regulator. A decision to fire one, both, or neither of
the triacs is made once during each half cycle of the input
ac {8.33 milliseconds) based on the output voitage 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 previousty (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 (approximately

@ common}. The output of the VOD latch (Q7 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 U4 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 volt-
age is greater than the VOD reference. TriVOD flip-fiop

is consequently switched 1o the set state (Q1 side goes low),
permitting the continuous application of 18kHz clock pulses
to the U4 control gates (pins 9 and 13}. Which control gates
are enabled, now depends on the state of the 10D latches
which, in turn, is dependent upon the amplitude of the
output current. During time period 2, the sample output
current is greater than the 10D, reference voltage and the
output of both {OD comparators are high. The output of



the |002 latch {F/F2) is tow so that the upper NAND
gate is enabled (high ievel at U4-12) and the lower gate is
disabled (low at U4-8). Thus, the clock pulses are allowed
to pass through Q6 but are biocked from entering Q7. As
a result, triac CR2 is conducting during the second time

ampiifier A1Q4 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 voltage
is reduced to it's original level.

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 2ero crossing and well into
the next haif-cycle until their minimum firing potential is
exceeded. The first firing pulse that is received after this
time will fire the triac(s) and the remaining pulses, received
during the rest of the half cycie, will have no effect. The
zero crossing detector U4, ensures that the firing decisions
are always updated near the zero crossing point of the ac
line, while the triacs are cutoff. Asshown 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
eariier 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 1002
reference point. The output of the l002 comparator
switches low at this time and at the next zero crossing
point, the 10D, latch is switched to its reset state {O2 out-
put goes high)l. The condition of the triacs during time slot
three is the exact reverse of the conditions during time slot
two; with CR1 conducting and CR2 off.

4-31 Time period four is initiated when the output

current falis below the 10D, reference point. The action
of the comparators and iatches 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 vottage or current and a good under-
standing of it’s operation is very helpful in troubleshooting
the supply.

4.34 For 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 desired 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 amplifier
(U1-6) to go negative. The resuitant positive going error
voltage from U1 is amplified and inverted by mixer
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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 11, 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 voitage decreases, so that OR — gate
CR11 becomes reversed biased and the supply is in the
constant current mode. Feedback loop operation in the
constant current mode is similar to that occurring during
the constant voltage mode except that the input to the
current comparison amplifier is obtained from the current
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 amplifier A1Q4 conducts
heavily due to the —9V bias 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. Although 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 foop
for all types of loads. Additional stabilization is provided
by !ocal 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 parallel to minimize the power dissipated in any
one transistor. Protection diode A2CRB, connected across
the regulator, protects the transistors from possible damage
by reverse current flow. Therma!l switch ASTC1 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 transistors thus turning
them off. An additional safety factor is provided by
connecting the top and bottom 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 opened and

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

4-41 Two de fuses (A3F1, F2) provide additional pro-
tection for the regulator and other critical components of
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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 placed across supply).
442 Driver, Error, and Mixer Amplifiers

443 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 A1Q3 provides a constant current to the
collector of Q4. Two degenerative feedback networks
{R28-C4 and R31) are included to stabilize the feedback
loop.

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

445 Constant Voltage Comparison Amplifier

446 This circuit consists of differential amplifier U1,
VOLTAGE control R1, and associated components. The
non-inverting input of the differential amplifier is connected
to the circuit common point {+S4) 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 voitage control and the
current pullout resistors R12-R15. Instantaneous changes
in the output voltage 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 requlator.

447 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 pane! and rear panel output terminals, both
help 10 suppress output spikes.

448 During constant-voltage operation, the programming
current flowing through the voitage control is constant
because the summing point is held at zero volts (with respect
to ) by feedback action and virtually all of the
+5.2Vfeference supply current flowing through pull-out
resistors R12-R15 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,

449 Diode CR6 becomes forward biased only 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 programming current were allowed to flow through
the current monitoring resistors, it wouid be erroneously
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
to the constant voltage comparison amplifier. It consists
of differential amplifier U1, a 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 10 a summing point {terminal A6) between the
CURRENT contro! and current puliout resistors R1 and R2.
Instantaneous changes in the output current due to ioad
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 output current can be obtained with the front panel
CURRENT control. This potentiometer provides control
of the constant current programming accuracy in the same
manner as R15 in the constant voltage circuit.

454 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 on 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 A1Q2 and its associated CURRENT
MODE indicator are off because of the relatively low 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 1it.

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 suppty operates in neither the
constant voltage nor the constant current mode and both
A1Q1 and A1Q2 are cutoff. The reverse voltage across VR3
is now large enough 1o 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 (A2CR13] if the output voltage
exceeds 3 preset trip level. Once fired, the SCR becomes a
virtual short circuit across the supply reducing the output
voltage to near zero. Until it is triggered, the SCR acts as
an open circuit and has no effect on the output voitage.

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-overvoltage) operation, the output voltage at pin 2

of U0 is less than the reference voltage {pin 3 of U10) and
transistor Q9 is held off. If the output voltage rises to a
point where it exceeds the trip level, the negative potential

at U10, pin 2, results in the conduction of transistor Q9.

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 lamp (DS4) and it lights.
At the same time, diode A2CR6 becomes forward biased
turning 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 problems 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 before driver A2Q1 in the feedback loop. How-
ever, if the overvoltage condition is caused by a shorted
series reqgulating 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 crowbar SCR conducting after the
series requlator is turned-off or a dc fuse blows, two hold-
ing current paths are provided. One hotding 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-
ply 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-
minais 3and 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 I, this feature

is useful for creating a crowbar slaving arrangement for the
crowbar circuits in more than one supply. With the crow-
bars slaved 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) dc from a common full-wave rectifier (CR1, 2, 4,
5) and filter (C27, 28).

4-65 Integrated circuit chip A1U6 provides +5V, with
respect to CD common, 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 adifference exists, an error voltage is applied to the
series regulator in the correct amplitude and phase to main-
tain the 4BV output constant. Potentiometer R7 is factory
adjusted to obtain the output of +5V £20mV.

4-66 The remaining two reference supplies {+9V and
—9V} are similar in operation to the +5V supply. Note that
each of these two supplies contains a Zener diode to pro-
vide additional reference voltages of £6.2Vdc.

4.67 Meter Circuit

4.68 The front panel voltmeter and ammeter provide
continuous indications of output voltage and current. For
isolation purposes, each meter has an input buffer stage
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{A1U2) having a unity voltage gain. Note that the outpu:
from the current buffer (which represents the output cur-
rent) is also fed back 1o the tap selection controi 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 —QUT and +S1 ).
{tis in series with resistors R113 and R114 and is shunted
by R115 and R116.

4-70 The ammeter, together with its series components,
is effectively connected across the current monitoring
resistance, AZR3, R4. 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 output 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 before 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 ocutput ter-
minals and sensing terminals (+S and —8) 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 normatly because it is
shorted-out by the strap between the + and +S terminals.
However, during remote sensing operation the strap is
removed at the terminals and A2C2 compensates for the
inductance of long oad and sense leads by acting as an ac
short at the frequencies of interest.

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



SECTION V
MAINTENANCE

repeat the applicable portions of the performance test to
ensure that the fault has been properly corrected and that
no other faults exist. Before performing any maintenance
checks, turn on the power supply and allow a half-hour

51  INTRODUCTION

52 Upon receipt of the power supply, the performance
test (paragraph 5-5) can be made. This test is suitable for

incoming inspection. If a fault is detected in the power sup- warm-up.

ply while making the performance test or 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 51 lists the test equipment required to

Before returning the power supply to normal operation, perform the various procedures described in this section.

Table 5-1. Test Equipment Required

REQUIRED RECOMMENDED
TYPE - CHARACTERISTICS USE MODEL
Digital Sensitivity: 100uV full scale (min.) Measure dc voltages: HP 34508
Voltmeter Input impedance: 10MS (min.) calibration procedures
Oscilloscope Sensitivity and bandwidth: Measure ripple; display HP 180C with 1821A
100uV/cm and 400kHz for all transient recovery time base and 1806A
measurements except noise waveform; measure vertical plug-in;
_spike; 5mV sensitivity and . noise spikes. 1803A plug-in for
20MH2z 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 3480A
Multimeter voltages, resistance. or HP 427A,
Repetitive Switching rate: 50-60H2. Measure transient See Figure 54.
Load Switch Rise time: 2usec. recovery time.
Resistive Values: See Figures 51, 54, and 5-7. Power supply load James G. Biddle
Load Tolerance: 5% (Two required if resistor { Rheostat or non-inductive
rheostat is used.) fixed resistors). Rheostat, 411KN5SS,
Current Vaiue: See Figure 5-7. Measure output current; Simpson Portable
Monitoring Accuracy: 1% minimum calibrate ammeter. Shunt, Model 06704.
Resistor 50mV at 10A.
Terminating Value: 50 ohms, 1/2 watt, £+ 5% Noise spike -
Resistors non-inductive, {Four required.) measureiment.
Blocking Vailue: 0.01uF, 100Vdc. Noise spike -
Capacitors {Two required.) measurement.
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5-5 PERFORMANCE TEST

5-6 The following test can be used as an incoming
inspection check and appropriate portions of the test can
be repeated to check the operation of the instrument after
repairs. The tests are performed using the specified nominal
input valtage for the unit. If the correct result is not ob-
tained for a particular check, proceed to troubleshooting
(Paragraph 5-53).

5-7 Measurement Techniques

5-8 All specifications should be measured at the rear
terminals of the power suppiv. Also, all tests are performed
with the supply strapped for local programming and sensing,
as shown in Figure 3-2. {f the supply is equipped with an
HP-IB interface (Option 001}, place the rear panel MODE
switch in the iocal position and check out the power supply
first. Then proceed to the checkout procedure in Appendix
A, Paragraph A-80, 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 voltage tests,
the value of load resistance must be 12.552 to permit opera-
tion of the supply at its’ maximum rated output voltage
(50V) and its’ 200W output current of 4A. For the constant
current tests, the 10ad resistance must be approximately
252 1o permit aperation at 10A (the maximum rated output
current] and 20V. The wattage rating of the {oad resistance
must be at least equal to the maximum output power of
the supply — 200 Watts.

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

5-11 Constant-Voltage Tests

5-12 Connect all of the measuring devices used in the
constant voltage performance tests directly to the power
supply sensing terminals (£S}. 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 terminals 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 foad includes the impedance
of the leads to the load and such lead lengths can easily
have an impedance several orders of magnitude greater
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than the supply impedance {typically 1 mitliohm at dc},
thus invalidating the measurement.

513 To avoid mutual coupling effects, connect each
monitoring device to the sensing terminals by a separate
pair of leads. Use twisted pairs or shielded two-wire cabies
to avoid pickup on the measuring leads. Connect the load
resistor across the output terminais as close to the supply
as possible. When measuring the constant-voltage perfor-
mance specifications set the current control at least 2% above
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 to the constant-volitage operation

of the supply.

514 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 voltmeter
across rear terminals as shown in Figure 5-1. Set R| to
maximum resistance, initially.

b. Turn CURRENT control fully clockwise.

c. Turn on supply and adjust VOLTAGE control
until front panel meter indicates exactly maximum rated

output voltage (50V).
d. Reduce resistance of R L until front panel am-

meter indicates about 4 Amps (resistance of approximately

(12.882). Ensure that supply remains in constant voltage mode.

e. Digital voltmeter should indicate 50 21V,

515 Load Effect (Load Regulation).

Definition: The change AEq ;7 in the static value of
dc output voltage resulting from a change in load resistance
from open circuit to a value which yields maximum rated
output current, or vice versa.

POWER SUPPLY
UNDER TEST

(RHEOSTAT
SET TO
12.58)

DIGITAL
VOLTMETER

N\ 6

Figure 5-1. Constant-Voltage Test Setup



516 To check the constant-voltage load effect, proceed
as follows:

a. Connect test setup shown in Figure 51.

b. Turn CURRENT control fully clockwise.

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

d. |f necessary, repeat step d (Paragraph 514}
to obtain about 4A output current with supply in constant
vol tage mode.

e. Disconnect (oad resistor.

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

517 Source Effect (Line Regulation).

Definition: The change AEOUT in the static value of
dc output voltage resulting from a change in ac input
voltage over the specified range from tow line to high
line, 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 controf fully clockwise.

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

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

g. Adijust variable autotransformer for high line
voltage.

h. Digital voltmeter reading should not differ from
reading of step e by more than 6mVdc.

519 PARD (Ripple and Noise).

Definition: The residual ac voltage superimposed on
the dc output of a regulated power supply. Ripple and
noise measurements may be made at any input ac line
voltage combined with any dc 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 particularly important for applications
where noise spikes could be detrimental to 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
rippie. Note that a continuous ground 1oop exists from the
third wire of the input power cord to the supply to the
third wire of the input power cord to the oscitioscope via
the grounded power supply case, the internal jumper connect-
ing the power supply negative output and sensing terminals,
the wire between 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 (R drap, normally having a 60Mz line
frequency fundamental, plus any pickup on the unshielded
leads interconnecting the power supply and scape, appears
on the face of the CRT. The magnitude of this resulting
noise signal can easily be much greater than the true rippie
developed between the plus and minus sensing terminals

of the power supply and can completely invaiidate the
measurement.
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522  The sameground current and pickup problems
can existif an rmsvoltmeter is substituted for the oscillo-
scope in Figure 52. 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 mitliseconds
{1/60Hz). Since the fundamentatl ripple frequency present
on the output of an HP supply is 120Hz (due to full-wave
rectification), an oscilloscope display showing a 120Hz
tundamental 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
(and lower) value of measured ripple.

5-23  Although the method shown in Figure 5-2A is
not recommended for 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 bus.

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 2 twisted pair, take
care that the same wire is connected both to the grounded
terminal of the power supply and the'grounded input
terming! 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 prevent any ground current flowing
through this shield from inducing a signal in the shielded
leads.

5-25 To verify that the oscilloscope is not displaying
ripple that is induced in the leads or picked up from the
grounds, short the (+) scope 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.

526 If the foregoing measures are used, the single-ended
scope of Figure 52A 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 toground (if both are rack-mounted, for example}, it
may be necessary to use a differential scope with floating
input as shown in Figure 528. 1f 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 oscilioscope displays
only the difference in signal between its two vertical input
terminals, thus ignoring the effects of any common mode
signal produced by the difference in the ac potential between

the power supply case anc scope case. Before using a
differential input scope, however, it is imperative that the
common mode rejection capability of the scope be verified
by shorting together its two input leads at the power supply
and observing the trace on the CRT. If this trace is a straight
ling, then the scope is properly ignoring any common mode
signal present. If this trace is not a straight fine, then the
scope is not rejecting the ground signa!l and must be realigned
in accordance with the manufacturer’s instructions so that
proper common mode rejection is attained.

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

a. Connect oscilloscape or rms voltmeter as shown
in Figures 5-2A or 5-2B.

b. Turn CURRENT control fully clockwise.

c. Turnon supply and adjust VOLTAGE control
and RL so that front pane! meters indicate 50V and 4A,
as in the previous tests.

d. The observed ripple shouid 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
toad.

529  The test setup illustrated in Figure 5-2A is generally
not adequate for measuring spikes; a differential oscilloscope
is necessary. Furthermore, the measurement technique of
Figure 5-2A must be modified as follows if accurate spike
measurement is 10 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 included
to eliminate standing waves and cable ringing, and capacitors
must be connected to block dc 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 resistor should be connect-
ed directly from the inner conductor of the cable to the power
supply sen§ing terminal.

4. Notice that the shields at the power supply end
of the two coax cables are not connected to the power sup-
ply ground since such a connection would give rise to 3
ground current path through the coax shield and result in
an erroneous 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 5mV p-p instead of 10mV p-p.

530 The circuit of Figure 5-3 ¢an also be used for the
normal 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 5-3 becomes a
two-cable version of Figure 5-2B.

531 Load Transient Recovery Time.

Definition: The time X" for output voltage recovery
to within "Y" millivolts of the nominal output voltage
following a 2’ amp step change in load current, where:
Y 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 load change; and “Z”
is the specified 1oad current change of from 50% to 100%
{or vice-versa) of maximum current rating.

5-32 Measurement Techniques. Care must be taken in
switching the load resistance on and off. A hand-operated
switch in series with the load is not adequate since the
resulting 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.

5-33 We suggest that a mercury-wetted relay connected
in the load switching circuit shown in Figure 54 be used
for loading and unioading the supply. When this load
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 load current switching to
reduce jitter in the oscilloscope display. This relay may also
be used with a 50Hz ac input. The load resistance shown

in Figure 5-4 is the minimum resistance that can be used
without damaging the mercury-wetted relay contacts.

6-34 Measurement Procedure. To check the {oad
transient recovery time, proceed as follows:

a. Connect load resistor R4 (Figure 5-4) across
output of supply. Do not connect RLZ and load switch at
this time.

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

c. Next, set R|_4 for approximately 492 (5A on
front panei ammeter}. Ensure that supply operates in
constant voltage mode.

d. Turn off supply and connect RLZ' in paraliel
with RU' Do not connect load switch yet.

e. Turn on supply and set R L2 for approximately
49 {292 total resistance across supply} and ensure that
supply provides 20V, 10A in the constant voltage mode.

f. Turn off supply and connect load switch and
toad 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 output voltage
will not cause display to shift. :

i- Adjust the vertical centering an the scope so that
the tail ends of the no-load and full-load waveforms are
symmetrically displaced about the horizontal centerline of
the oscilloscope. This centerline now represents the
nominal output voltage defined in the specification.
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k. Adjust the harizontal positioning control so that
the trace starts at a major graticule division. This point then
represents time zero.

I. Increase the sweep rate so that a single transient
spike can 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 ajsp as much as possibie 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 shouid be within these tolerances
as illustrated in Figure 55.

535 Temperature Coefficient.

Definition: The change in output voltage per degree
Celsius change in ambient temperature measured while
ac line voltage, output voltage 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 maximumn temperature-dependent output
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 outside the oven
and should have a long-term stability adequate to insure
that its drift will not affect the overall measurement
accuracy.

5-38 To check the temperature coefficient, proceed as
follows:

a. Connect load resistance and digital 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-
wre 10 30°C and allow 30 minutes warm-up.

e. Record digital voltmeter reading.

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

g. Observe digital voitmeter reading. Difference in
vol tage reading between steps (e) and (g} should be less
than 102mVdc.

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 al! held constant.

540 This measurement is made by monitoring 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 {ocated away from any source of stray
air currents. 1f possibie, 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 power 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 foliows:

a. Check load resistance and digital voitmeter as
illustrated in Figure 5-1.

b. Turn CURRENT control fully clockwise.

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

5-43 The instruments, methods, and precautions for the
proper measurement of constant-current power supply



characteristics are for the most part identical to those ai-
ready described for the measurement of constant-voltage
characteristics. There are, however, two main differences:
first, the power supply performance will be checked
between short circuit and full load rather than open circuit
and full ioad. Second, a current monitoring 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 equa! to 252

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
teading to the resistor while the monitoring terminals are
located as close as possible to the resistance element itsel
{see Figure 5-6). A current sammpling 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
so that its temperature rise will be minimized.

545 Current Output 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
Riq and R L2 to maximum resistance. )

b. Turn VOLTAGE control fully clockwise.

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

d. Reduce resistance of R 1 and R, , until front
panel voltmeter indicates about 20V {total load resistance of
approximately 2{2). Ensure that supply remains in constant
current mode.

e. Digital voltmeter should indicate 50 2 1mVdc.

548§ Load Effect (Load Regulation).

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

5-47 To check the constant-current load effect proceed
as foliows:

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

b. Turn VOLTAGE control fully clockwise.

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

d. If necessary, repeat step d (Paragraph 5-45) to
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 (RL) by closing
switch S1.

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

548 Source Effect (Line Regulation).

Definition: The change Blg T in the static value of dc
output current resulting from a change in ac input volitage
over the specified range from low line to high line or from
high line to low line.

549 To check source effect, proceed as follows:
a. Connect test setup shown in Figure 5-7.
b. Connect variable autotransformer between input
power source and power supply power input.

c. Adjust autotransformer for low line input volt-
age (Paragraph 2-20).

d. Turn VOLTAGE control fully clockwise.

e. Turn on supply and adjust CURRENT controf
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) 10
obtain approximately 20V output with supply in constant
current mode {10A output).

g. 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.

5-50 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 vol1-
age combined with any dc output voltage and load current
within the supply’s rating.

5-51 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 constantcurrent rippie and noise. Figure 5-8
illustrates the most important precautions to be observed
when measuring the ripple and noise of a constantcurrent
supply. The presence of a 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 oscilloscope 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 s0 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.

5-63 TROUBLESHOOTING

554 Before attempting 1o troubleshoot this instrument,
ensure that the fault is with the instrument itself and not
with an associated circuit. The performance test enables
this to be determined without having to remove the covers
from the supply.

6-55 A good understanding of the principles of opera-
tion is a heipful aid in troubleshooting, and it is recommend-
ed that the reader review Section 1V of the manual before
attempting to troubleshoot the unit in detail. Once the
principles of operation are understood, refer to the follow-
ing paragraphs in sequential order.

§-56  The schematic diagram (Figure 7-8} contains normal
voltage readings associated with some of the test points.
Section Vil also includes waveforms for some of the key test
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points in the control iogic as weil as component location
diagrams to heip the user locate the supply’s components and
test points. Most of the test points used for troubleshooting
the supply are iocated at the Al control board test “‘fingers”
which are readily accessible and clearly identified on the
hoard (see Figures 7-2 and 7-3).

B5-57 If acomponent is found to be defective, replace it and
re-<conduct the performance test. When a component is
reptaced, refer to the repair and adjustment portions of this
section. !t may be necessary to perform one or more of the
adjustment procedures after a component is replaced.

558 Initial Troubleshooting Procedures
5-59 If a trouble occurs, 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. |f
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.



{3) in almost all cases, the trouble can be caused
by an incorrect dc bias or reference voitages; thus, it is
necessary to check the voltages (Paragraph 5-60) before
proceeding.

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

a. Turn off supply and disconnect all ioads.

b. Connect a 10051 (4 Watt) load resistor across
rear output terminals.

c. Turn VOLTAGE control to mid-range {five
turns), CURRENT control 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,

connect an external voltmeter and ammeter to the output
terminals and compare their readings with those of the
front panel meters. If the front panel meters are operating
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 voitage falls to near zero). The
OVERRANGE indicator should iight. If it does not, check
A1VR3 for open and the indicator itself. Once this indica-
tor is working properly, proceed to the overall isolation
procedures in Figure 5-0.

563 Overall Trouble Isolation

564 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 isolation procedures
of Figure 5-9.

Table 5-2. Reference Voitage 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+0.64 Check for presence of +18V Unregulated. If absent, check
fusible tinks on A2 board and for open A2CR2, 3or 5, T1
or power modute. If present, check for defective A1VR6E,
Q8 and U9. Also check for shorted A1U1-U2.

2 +S -9 9.220.64 Check for presence of —18V Unregutated. If absent,
check A2CR1, 4 for open. If present, check A1VRS,
U8. Also check for shorted A1U1T-U2.

3 INBD +5 5+ 0.02 Check A1U6 and associated components. If ok, check
for shorted IC (A1U3-U5).
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5-65 REPAIR AND REPLACEMENT

5-66 OQutside Cover Removal
567 To remove the top-side cover, proceed as foliows:
a. Remove one 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. Tumsupply upside down.

b. Remove one screw at rear-center of cover.

c. Slide cover toward rear of unit until completely
free.
5-69 A1 Control Board Removal
570 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.

512

5.71  Front Panel Removal
5-72 To remove 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. :

c. Pull front panel assembly forward and away
from unit.

5-73 Top and Bottom Heat Sink Removal

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

a. Remove top and bottom covers.

b. Remove A1l control board.

¢. With unit upside down, remove three 6-32 screws
in bottom frame (underneath Al board} that fasten the three
heat sink insulating standoffs.

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

e. Lift heat sinks out of unit.



5.75 Replacement Parts

5-76 Section VI 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 a special part and must be
obtained directly from Hewiett-Packard. After replacing

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

5.77 ADJUSTMENT AND CALIBRATION

5-78 Adjustment and calibration may be required after
performance testing, troubleshooting, or repair and replace-
ment. Perform only those adjustments that affect the oper-
ation of the faulty circuit. 1f more than one adjustment
will be made, they shouid be performed in the order in
which they appear in the following paragraphs.

5.79 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 positiqn, and turned off. To zero the meter, proceed
as follows: ’

a. Connect load resistor of value shown in Figure
&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 discharge completely.

c. Insert pointed object {pen point or awl) into
small indentation near top of round black ptastic disc loca-
ted directiy below meter face.

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

5-81 Voltmeter Calibration

5-82 To calibrate 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 contro!
until digital voltmeter reads exactiy the maximum rated
output voltage (50V).

c. Adjust AT1R116 until front panel voltmeter also
indicates exactly the maximum rated output voltage.

5-83 Ammeter Calibration

5-84 To calibrate the ammeter, place unit.in upright
position and proceed as follows:

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

b. Turn VOLTAGE controf fully clockwise.

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

REFERENCE FUNCTION CR CIRCUIT CHECK ADJUST
A1U2, M1 Volwmeter Voltmeter calibration. A1R116
and associated

components.

A1U2, M2 Ammeter Ammeter calibration ATRTN
and associated

components

AlU1, R12- CV comparison amplifier Constant voitage programming accuracy - A1R15
R15, VR6. R1

AlU1, R2, CC comparison amplifier Constant current programming accuracy A1R1, R6
VRS, R2.

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

components

A1U3, U4 Contro! logic decision 10D, and 100, A1R71, 53, 58
and associated comparators

input components




c. Turn onsuppiy and adjust CURRENT control
and RL (rheostats) sc that supply is in constant current mode
and digital voltmeter reads 50mVdc.

d. Adjust ATR111 until front panel ammeter in-
dicates exactly msximum rated output current (10A}.

5-85 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 controis to
maximum (fully CW).

t. Turn on supply, no load connected, and adjust
A1R15 for 50.5Vdc on the digital voltmeter.

5-87 Constant-Current Programming Accuracy

5-88 Maximum Output 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 onsupply.

¢. Adjust A1R1 for 10.1 Ampere output current
{50.5mVdc indication on digital voltmeter).

d. Perform zero output current adjustment, next.

5-89 Zero Output Current. To calibrate the zero current
programming accuracy, proceed as follows:

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

b. Turn VOLTAGE control fully clockwise.

¢. Turn CURRENT control fully CCW (minimum).

d. Adjust A1R6 for 0 = 50uVdc indication on
digital voltmeter.

e. Repeat maximum output current adjustment,
steps a through ¢, and readjust if necessary.
5-80 +5V Reference Voltage Adjustment
591 This adjustment should be performed, if any
component in the +5V reference supply is replaced. Proceed
as follows:

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

b. Connect digital voltmeter between +5V and
INBD (TP7 and 5) test fingers on A1l control board
{Figure 7-3}.
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c. Adjust A1R71 (circuit side of A1 board) for
5z 0.02Vdc indication on digital voitmeter.

5-92 Calibration of Output Current Decision
Points

583  The following adjustments set the lOD1 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
uniess 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

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

584  10D4 Adjustment. To adjust the 10D, decision
point, proceed as follows:

a. Connect external current monitoring resistor
and digital voltmeter across output terminais as shown in
Figure 57 {load resistors RU and RLZ are not required
for this adjustment).

b. Connect dc coupled oscilloscope between 1ODy
and INBD ( (D ) test fingers on A1 control board.

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

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

e. Turm VOLTAGE control fully CW.

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

g. Adjust A1R53 (circuit side of Al board) to
obtain a high 10D logic level {approximately +4.5V) on
scope. Next, turn A1R53 in opposite direction until fogic
level switches from high to low (approximately 0.5V} on
oscilloscope. {R53 must be set exactly at switching point).

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

i. Observe 10D, logic level on oscilloscope. It
should now be high {(4.5V). If logic level is still low, steps
f through i must be repeated.

586 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 I002 and
INBD test fingers on A1 board.



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

¢. Adjust A1R58 to obtain high 10D, logic level
(+4.5V) on scope. Turn A1R58 in opposite direction until

logic level switches from high to low (0.5V) on scope. (R58

must be set exactly at switching point.)
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d. Adjust CURRENT control for 8.1A output
current (40.5mVdc on digital voltmeter).

e. Observe IOD2 logic level on scope. It 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

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

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

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

¢. Totai Quantity (TQ). Given oniy the first time
the part number is listed except in instruments containing
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 manufacturer’s name and address.

f. Hewlett-Packard Part Number.

g. Recommended Spare Parts Quantity (RS) for
complete maintenance of one instrument during one year of
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
information for each part: Model, complete serial number,
and any Option or special modification (J) numbers of the
instrument; Hewlett-Packard part number; circuit reference
designator; and description. To order a part not listed in
Table 6-4, give a complete description of the part, its func-
tion, and its location.

Table 6-1. Reference Designators

A = assembly E = miscellaneous

8 = blower (fan) electronic part

(o4 = capacitor F = fuse

CB = circuit breaker J = jack, jumper

CR =diode K = relay

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

Tabte 6-1. Reterence Designators (Continued)

4 = plug

Q = transistor

R = resistor

S = switch

T = ransformer

TB = 1terminal block
TS = thermal switch

v = vacuum tube,
neon bulb,
photocell, etc.

VR = zener diode

X = socket

2 = integrated Cir-

cuit or network

Table 6-2. Description Abbreviations

A = ampere

ac = alternating current
2ssy. = assembly

bd =board

bkt =bracket

9C  =degree Centigrade
ed =card
coef =coefficient
comp = composition
CRT = cathode-ray tube
CT = center-tapped
dc  =direct current
DPDT= doubile pole,
double 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
incnd = incandescent

k =kilo=1

m  =milli = 10"
M =mega= 108

i = micro = 108
met. = metal
mfr =manufacturer

mod. = modular or

modified
mtg = mounting
n =nano = 10’

NC = normally closed

NO = normally open

NP = nickel-plated

Q = ohm

obd = order by
description

OD = outside diameter

p = pico = 10'12

P.C. = printed circuit

pot. = potentiometer

p-p = peak-to-peak

ppm < parts per million

pvr = peak reverse
voltage

rect = rectifier

TMs = root mean square

Si = silicon

SPDT = single pole,
double throw

SPST = single pole,
single throw

§S =small signal

T = slow-blow

tan. = tantulum

Ti = titanium

v = yolt

var = variable

ww = wirewound

w = Wart

6-1




Table 6-3. Code List of Manutfacturers

CODE MANUFACTURER  ADDRESS CODE MANUFACTURER ADDRESS
00629 EBY Sales Co., Inc. Jamaica, N.Y. 07137 Transistor Electronics Corp.
00656 Aerovox Corp. New Bedford, Mass. Minneapolis, Minn.
00853 Sangamo Electric Co. 07138 Westinghouse Eiectric Corp. Eimira, N.Y.
S. Carolina Div. Pickens, S.C. 07263 Fairchild Camera and Instrument
o1 Allers Bradiey Co. Milwaukee, Wis. Mountain View, Catif.
01285 Litton Ind. Beverly Hills, Calif. 07387 Birtcher Corp., The  Los Angeles, Calit.
01281 TRW Semiconductors, inc. 07397 Syivania Electric Prod. Inc.
Lawndale, Calif. Mountainview, Calif.
01295 Texas instruments, Inc. Dallas, Texas 077186 IRC Div. of TRW Inc. Burlington, lowa
01686 RCL Electronics, Inc.  Manchester, N.H. 07910 Continenta! Device Corp.
01930 Amerock Corp. Rockford, Iil. Hawthorne, Calif.
02107 Sparta Mfg. Co. Dover, Ohio 07933 Raytheon Co. Components Div.
02114 Ferroxcube Corp. Saugerties, N.Y. Mountain View, Calif.
02606 Fenwal L.aboratories Morton Grove, lil. 08484 Breeze Corporations, Inc. Union, N.J.
02660 Amphenol Corp. Broadview, iii. 08530 Reliance Mica Corp. Brooklyn, N.Y.
02735 Radio Corp. of America, Solid State and 08717 Sioan Company, The  Sun Valley, Calif.
Receiving Tube Dv.  Somerville, N.J. 08730 Vematiine Products Co. Inc.
03508 G.€. Semiconductor Products Dept. Wyckoff, N.J.
Syracuse, N.Y. 08806 General Elect. Co. Minature
03797 Etdema Corp. Compton, Calif. Lamp Dep1t. Cleveland, Ohio
03877 Transitron Etectronic Corp. 08863 Nylomatic Corp. Norrisville, Pa.
Wakefield, Mass. 08919 RCH Supply Co. Vernon, Calif.
03888 Pyrofilm Resistor Co., inc. 09021 Airco Speer Electronic Components
Cedar Knolls, N.J. Bradford, Pa.
04009 Arrow, Hart and Hegeman Electric Co. 09182 ‘Hewlett-Packard Co. New Jersey Div.
Hartford, Conn. Rockaway, N.J.
04072 ADC Electronics, inc. Harbor City, Calif. 08213 General Elect. Co. Semiconductor
04213 Caddell & Burns Mfg. Co. Inc. Prod. Dept. Buffalo, N.Y.
Mineola, N.Y. 09214 General Elect. Co. Semiconductor
04404 “Hewtett-Packard Co. Palo Alto Div. Prod. Dep1. Auburn, N.Y,
Palo Alto, Calif. 09353 C & K Components inc.  Newton, Mass.
04713 Motorola Semiconductor Prod. Inc. 09922 Burndy Corp. Norwalk, Conn.
Phoenix, Arizona 11115 Wagner Electric Corp.
05277 Westinghouse Electric Corp. Tung-Sol Div. Bioomfield, N.J.
Semiconductor Dept. Youngwood, Pa. 11236 CTS of Berne, Inc. Berne, Ind.
05347 Uhtronix, inc. Grand Junction, Colo. 11237 Chicago Teiephone of Cal. inc.
05820 Wakefield Engr. Inc. Wakefield, Mass. So. Pasadena, Calif.
06001 General Eiect. Co. Electronic 11502 {RC 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. 12615 US. Terminals, Inc. Cincinnati, Ohio
06486 1RC Div. of TRW inc. 12617 Hamlin inc. Lake Milis, Wisconsin
Semiconductor Plant Lynn, Mass. 12697 Clarostat Mfg. Co. Inc. Dover, N.H.
06540 Amatom Electronic Hardware Co. Inc. 13103 Ther malioy Co. Datlas, Texas
New Rochelie, N.Y. 14493 ‘Hewlett-Packard Co. Loveland, Colo.
06555 Beede Electrical Instrument Co. 14655 Corneli-Dubiiier Electronics Div.
Penacook, N.H. Federal Pacific Electric Co.
06666 General Devices Co. Indianapolis, Ind. Newark, N.J.
06751 Semoor Div. Components, Inc. 14936 Genera! Instrument €erp. Semicon-
Phoenix, Arizona ductor Prod. Group  Hicksville, N.Y.
06776 Robinson Nugent, tnc. New Albany, N.Y. 15801 Fenwa! Elect. Framingham, Mass.
06812 Tornngton Mfg. Co. van Nuys, Calif. 16299 Corning Giass Works Rateigh, N.C.

" Use Code 28480 assigned 10 Hewlett-Packard Co., Paio Alto, Califormia
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Table 6-3. Code List of Manufacturers

CODE MANUFACTURER ADDRESS CODE MANUFACTURER ADDRESS
16758 Deico 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. 63743 Ward Leonard Electric Co.
Asbury Park, N.J. Mt. Vernon, N.Y.
17803 Fairchitd Camera and instrument Corp. 70563 Amperite Co. Inc. Union City, N.J.
Mountain View, Calif. 70901 Beemer Engrg Co.
17870 Daven Diwv. Thomas A. Edison Industries Fort Washington, Pa.
McGraw-Edison Co. Orange, N.J. 70903 Beiden Corp. Chicago, 1lI.
18324 Signetics Corp. Sunnyvale, Calif. 71218 Bud Radio, inc. Willoughby, Ohio
19315 Bendix Corp. The Navigation and 71279 Cambridge Thermionic Corp.
Control Div. Teterboro, N.J. Cambridge, Mass.
19701 Electra/Midland Corp. 71400 Bussmann Mtg. Div.of McGraw &
Mineral Wells, Texas Edison Co. St. Louis, Mo.
21520 Fansteel Metallurgical Corp. 71450 CTS Corp. Eikhart, ind.
No. Chicago, M. 71468 I.T.T. Cannon Electric Inc.
22229 Uniton Carbide Corp. Electronics Div. Los Angeles, Calif.
Mountain View, Calif. 71590 Globe-Union Inc.
22753 UID Electronics Corp.  Hollywood, Fla. Milwaukee, Wis.
23936 Pamotor, Inc. Pampa, Texas 71700 General Cable Corp. Cornish
24446 General Electric Co.  Schenectady, N.Y. Wire Co. Div. Williamstown, Mass.
24455 General Electric Co. 71707 Coto Coit Co. Inc. Providence, R.1.
Nela Park, Cleveland, Ohio 71744 Chicago Miniature Lamp Works
24655 General Radio Co. West Concord, Mass. Chicago, Il1.
24681 LTV Electrosystems Inc. Memcor/Com- 71788 Cinch Mfg. Co. and Howard
ponents Operations  Huntington, ind. B. Jones Div. Chicago, Iti.
26982 Dynacoo! Mfg. Co. Inc.  Saugerties, N.Y. 71984 Dow Corning Corp. Midland, Mich.
27014 National Semiconductor Corp. 72136 Electro Motive Mfg. 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, 1li.
31514 SAE Advance Packaging, Inc. 72962 Elastic Stop Nut Div. of
' Santa Ana, Calif. Amerace Esna Corp. Union, N.J.
31827 Budwig Mfg. Co. Ramona, Calif. 72982 Erie Technological Products
33173 G.E. Co. Tube Dep1. Owensboro, Ky. Erie, Pa.
35434 Lectrohm, Inc. Chicago, Il 73096 Hart Mfg. Co. Hartford, Conn.
37942 P.R. Mallory & Co. Indianapolis, Ind. 73138 Beckman Instruments
42190 Muter Co. Chicago, 1. Fullerton, Calif.
43334 New Departure-Hyatt Bearings Div. 73168 Fenwal, Inc. Ashland, Mass.
General Motors Corp. 73293 Hughes Aircraft Co. Electron
Sandusky, Ohio  Dynamics Div. Torrance, Calif.
44655 Ohmite Manufacturing Co. Skokie, 1I1. 73445 Amperex Electronic
46384 Penn Engr. and Mfg. Corp. Hicksvilie, N.Y.
Doviestown, Pa. 73506 Bradiey Semiconductor Corp.
47904 Polaroid Corp. Cambridge, Mass. New Haven, Conn.
49956 Raytheon Co. Lexington, Mass. 73559 Carling Electric, Inc. Hartford, Conn.
55026 Simpson Electric Co. Div. of American 73734 Federal Screw Products, Inc.
Gage and Machine Co. Chicago, lil. Chicago, Il
56288 Sprague Eiectric Co. 74193 Heimnemann Electric Co. Trenton, NJ.
North Adams, Mass. 74545 Hubbell Harvey inc. ~ Bridgeport, Conn.
58474 Supertor Electric Co. Bristol, Conn., 74868 Amphenol Corp. Ampheno! 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 CODE MANUFACTURER ADDRESS
75042 IRC Div. of TRW, Inc.  Philadeiphia, Pa. 82866 Research Products Corp.  Madison, Wisc.
75183 ‘Howard B. Jones Dw. of Cinch 82877 Rotron Inc Woodstock, N.Y. s
Mfg. Corp. New York, N.Y. 82893 Vector Electranic Co. Glendale, Catif.
75376 Kurz and Kasch. inc. Dayton, Ohio 83058 Carr Fastener Co. Cambridge, Mass.
75382 Kilka Electric Corp.  Mt. Vernon, N.Y. 83186 Victory Engineering Springfield. N.J.
75915 Littlefuse, inc. Des Plaines, th. 83298 Bendix Corp. Eatontown, N.J.
76381 Minnesota Mining and Mfg. Co. 83330 Merman H. Smuth, Inc.  Brooklyn, N.Y.
St. Paul, Minn. 83385 Central Screw Co. Chicago, .
76385 Minor Rubber Co. Inc. Bloomfield, N.J. 83501 Gavitt Wire and Cable  Brookfield, Mass.
76487 James Millen Mfg. Co. Inc. Maiden, Mass. 83508 Grant Puliey and Hardware Co.
76493 JW. Miller Co. Compton. Calif. West Nyack, N.Y.
76530 Cinch City of Industry, Calif. 83594 Burroughs Corp. Plainfield, N.J.
76854 Oak Mfg. Co. Div. of Oak Electro/ 83835 U.S. Radium Corp. Morristown, N.J.
Netics Corp. Crystal Lake, lil. 83877 Yardeny Laboratories  New York, N.Y.
77068 Bendix Corp., Electrodynamics Div. 84171 Arco Electronics, Inc.  Great Neck, N.Y.
No. Hollywood, Calif. 84411 TRW Capacitor Div. Ogaliala, Neb.
77122 Palnut Co. Mountainside, N.J. 86684 RCA Corp. Harrison, N.J.
77147 Patton-MacGuyer Co. Providence, R.1. 86838 Rumme! Fipre Co. Newark, N.J.
77221 Phaostron Instrument and Electronic Co. 87034 Marco & Oak Industries Anaheim, Calif.
South Pasadena, Calif. 87216 Philco Corp. Lansdale, Pa.
77252 Priladelphia Steel and Wire Corp. 87585 Stockwell Rubber Co.  Philadelphia, Pa.
Philadelphia, Pa. 87929 Tower-Otschan Corp. Bridgeport, Conn.
77342 American Machine and Foundry Co. 88140 Cutler-Hammer inc. Lincoln, N1,
Princeton, Ind. 88245 Litton Precision Products Inc, USECO
77630 TRW Ejectronic Components Div. Van Nuys, Calif.
Camden, N.J. 90634 Guiton Industries Inc. Metuchen, N.J.
77764 Resistance Products Co.  Harrisburg, Pa. 90763 United-Car inc. Chicago, I
78189 WMinois Tool Works Inc. Eigin, 1. 91345 Miller Diat and Nameplate Co.
78452 Everlook Chicago, Inc. Chicago, Il El Monte, Calif.
78488 Stack pole Carbon Co. St. Marys, Pa. 91418 Radio Materials Co. Chicago, 111.
78526 Stanwyck Winding Div. San Fernando 91506 Augat, Inc. Attleboro, Mass.
Etectric Mig. Co. Inc. Newburgh, N.Y. 91637 Dale Electronics, Inc. Columbus, Neb.
78553 Tinnerman Products. Inc. Cleveland, Ohio 91662 Eico Corp. Willow Grove, Pa.
78584 Stewart Stamping Corp.  Yonkers, N.Y. 91929 Honeywell Inc. Freeport, it1.
79136 Waldes Kohinoor, Inc. LLC,NY, 92825 Whitse, Inc. Schilier Pk., lil.
79307 Whitehead Metats Inc.  New York, N.Y. 93332 Sylvania Electric Prod. ~ Woburn, Mass.
79727 Continental-Wirt Electronies Corp. 93410 Essex Wire Corp. Mansfield, Ohio
Philadelphia, Pa. 84144 Raytheon Co. Quincy, Mass.
79963 Zierick Mfg. Co. M1. Kisco, N.Y. 94154 Wagrer Etecric Corp.  Livingston, N.J.
80031 Mepco Morristown, N.J. 04222 Southeo Inc. Lester, Pa.
80294 Bourns, Inc. Riverside, Calif. 95263 Leecraft Mfg. Co. Inc. L.I.C.L N.Y.
81042 Howard Industnies Racine, Wisc. 95354 Methode Mfg. Co. Rolling Meadows, |l
81073 Grayhill, Inc. La Grange, lll. 95712 Bendix Corp. Franklin, ind.
81483 Internationai Rectifier E| Sequndo, Calif. 95987 Weckesser Co. Inc. Chicago, W1.
81751 Columbus Eilectronics Yonkers, N.Y. 96791 Amphenol Corp. Janesville, Wis.
82099 Goodyear Sundries & Mechanical Co. Inc. 97464 Industrial Retaining Ring Co.
New York, N.Y. lrvington. N.J.
82142 Airco Speer Electronic Components . 97702 IMC Magnetics Corp. Westbury, N.Y.
Du Bois, Pa. - 98291 Sealectro Corp. Mamaroneck, N.Y.
82219 Sylvania Eiectric Products Inc. 98410 ETC Inc. Cleveland, Ohio
Emporium, Pa. 98978 international Electronic Research Corp.
82389 Switchceraft, inc. Chicago, . Burbank, Calif.
82647 Metals and Controls Inc. Attieboro, Mass. 99934 Renbrandt, Inc. Boston, Mass.

*Use Code 71785 assigned 10 Cinch Mfg. Co., Chicago. Ili.
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Table 6-4. Replaceable Parts
REF. MFR. HP
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE PART NO. | RS
A1 Control Board (See Note 1)
1 fxd, polyester .015uF 200V 1 AE14C153KT 06001 0160-0194 1
c2 fxd, polyester .22uF 80V 1 192P2249R8 56289 0160-2453 1
C3 fxd, polyester 6800pF 200V 1 AE13C682KT 06001 0160-0159 | 1
Cs fxd, polyester .022uF 200V 1 192P22392 56289 0160-0162 |1
C5, 6 fxd, tant 22uF 15V 2 150D226X98015B-DS2 56289 0180-0228 1
c? fxd, polyester 2200pF 200V 1 292P22292 56289 0160-0154 |1
c8 Not Used
C9o fxd, cer. .01uF 1000V 1 28480 0150-0012 |1
C10, 11 Not Used
Ci12 fxd, tant 180uF 6V 3 150D187X0006R2-DYS | 56289 0180-1702 1
C13 fxd, tant 100uF 10V 1 150D107X0010R2-DYS | 562898 0180-0137 1
ci4 fxd, tant 180uF 6V . 150D187X0006R2-DYS | 56289 0180-1702
Cis fxd, mica 560pF 300V 1 obd 72136 0140-0178 | 1
C16 Not Used
c17 fxd, tant 180uF 6V 150D187X0006R2-DYS | 56289 0180-1702
Ci18-22 Not Used
c23 fxd, mica 220pF 300V 1 obd 09023 0160-0134 1
C24 fxd, tant 1uF 50V 1 150D105X0050A2-DYS | 56289 0180-0230 |1
C25 " fxd, cer. 0.47uF 25V 1 5C1187-CML 56289 0160-0174 |1
C26 fxd, mica 100pF 500V 2 obd 72136 0160-2006 | 1
C27,28 fxd, alum. 2000uF 28V 2 D44591-DFP 56289 0180-1916 | 1
C29, 30 Not Used '
C31 fxd, mica 100pF 500V obd 72136 0160-2006
C32 fxd, tant 2.2uF 20V 1 150D225X0020A2-DYS | 56289 0180-0155 | 1
c33 fxd, tant 6.8uF 35V 1 150D685X903582 56289 0180-0116 |1
CR1 diode, switching 80V 200mA 8 1N4148 07263 1901-0050 | 6
CR2,3 diode, Si. 200ma 180V 6 1N485 1801-0033 |6
CR4 diode, switching 80V 200mA 1N4148 07263 1901-0050
CR5-8 diode, Si. 200mA 180V 1N485 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 §78-523 03508 1901-0460 | 1
CR14, 15 Not Used
CR16, 17 diode, switching 80V 200mA 1N4148 07263 1901-0050
CR1820 Not Used
CR23, 22 diode, switching 80V 200mA 1N4148 07263 1901-0050
J7 Connector 21 pin 1 872364 Amp Inc.| 1251-4658 1
J8 Connector 5 pin 1 2-87236-0 Amp inc. | 1251-4657 1
P6 Connector PC edge 36 pin 1 252-18-30-340 71785 1251-2134 |1
Qt, 2 SS NPN Si 5 2N3391 1854-0071 5
o k] SS NPN Si 1 2N2222A 1854-0477 |1
Q4 SS PNP Si 1 TZ173 56289 1853-0089 | 1
Qs SS PNP Si 1 2N2907A 1853-0281 1
Qse, 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.

Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ { MFR. PART NO. CODE PART NO. RS
Qs SS NPN S 1 28480 1854-0448 1
Q9 ‘ ~ SS NPN Si 1 MJE-182 04713 1854-0585 1
Q1012 SS NPN Si 2N3391 1854-0071
R1 var. ww 5k 5% 1 CT-106-4 84048 2100-1760 1
R2 txd, ww 10k 5% 3w 1 RS-28 91637 0811-1816 1
R3 txd, ww 15 5% 3W 1 RS-2B 91637 0811-1557 1
R4 txd, comp. 8.2k 5% 1/2W 2 EB-8225 on2 0686-8225 | 1
RS fxd, film 34.8k 1% 1/8W 1 CEAT-O 07716 0757-0123 1
R6 var. ww 100 5% 1 CT-106-4 84048 2100-1755 1
R7.8 fxd, fitm 2.49k 1% 1/8W 4 CEAT-O 07716 06984435 1
R9, 10 Not ‘Used
R11 fxd, comp 240 5% 1/2W 2 EB-2415 01121 0686-2415 1
R12,13 txd, ww 2.6k 5% 3W 2 RS-28 91637 0811-1808 1
R14 fxd, ww 4.3k 5% 3W 1 RS-2B 91637 0811-1811 1
R15 var. ww 2k 5% 1 CT-1064 84048 2100-1523 1
R16,17 Not Used
R18 fxd, film 1k 1% 1/8W 2 CEA T-O 07716 0757-0280 1
R19 fxd, ww 1k 5% 3W 1 RS-2B 91637 0813-0001 1
R20 Not Used
R21 fxd, film 3.01k 1% 1/8W 2 CEAT-O 07716 0757-0273 1
R22 fxd, comp 8.2k 5% 1/2W EB-8225 o021 0686-8225
RZ3 fxd, comp 240 5% 1/2W EB-2415 o2 0686-2415
R24 fxd, comp 360 5% 1/2W 2 EB-3615 o2 0685-3615 1
R25 fxd, comp 820 5% 1W 1 GB-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 CEAT-O 07716 0757-0446 1
R28 fxd, comp 1.2k 5% 1/2W 1 EB-1225 o121 0686-1225 | 1
R29 fxd, film 100 5% 1/4W 1 CB-1015 on2 0683-1015 | 1
R30 fxd, comp 15 5% 1/2W 1 EB-1505 on21 0686-1505 1
R31 fxd, comp 2k 5% 1/2W 1 EB-2025 o021 0686-2025 | 1
R32 fxd, comp 22 5% 1/2W 1 EB-2205 o2 0686-2205 1
R33 fxd, ww 500 5% 5W 1 RS-S 91637 0811-1858 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-993 07716 0698-5454 1
R38, 39 fxd, 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
R41 fxd, film 10k 0.1% 1/8W 1 CEA-993 07716 06984157 1
R42 fxd, film 9k 0.1% 1/8W CEA-993 07716 0698-5454

R43 Not Used

R44 fxd,film 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 CEAT-O 07716 0757-0290 1
R47 fxd, film 100k 1% 1/8W 3 CEA T-O Q7716 0757-0465 1
R48 fxd. film 249k 1% 1/8W CEAT-O 07716 0698-4435

R49 fxd, film 6.19k 1% 1/8W CEAT-O 07716 0757-0290

R50 fxd, film 11.3k 1% 1/8W 2 CEATO 07716 06984121 1
R51 fxd, film 909 1% 1/8W 1 CEAT-O 07716 0757-0422 1
R52 fxd, film 1.1k 1% 1/8W 3 CEAT-O 07716 0757-0424 1
RS3 var. ww 250 20% 5 TYPE 110 11236 2100-0439% | 1




Table 6-4.

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 06984121

R55 fxd, fitm 340k 1% 1/8W 2 CEAT-0 07716 0698-4536 1
R56 fxd, film 1.1k 1% 1/8W CEAT-0 07716 07570424 1
RS7 fxd, fitm 1.5k 1% 1/8W 1 |CEATD 07716 0757-0427 | 1
R58 var. ww 250 20% TYPE 110 11236 2100-0439
R59 fxd, film 200k 1% 1/8W 2 CEAT-O 07716 0757-0472 1
R60 fxd, film B.66k 1% 1/8W 1 CEAT-O 07716 0698-3498 | 1
R61 #xd, film 42.2k 1% 1/8W 2 CEAT-O 07716 0698-3450 | 1
R62 fxd, film 1M 5% 1/4W 2 CB-1055 o 0683-1055 | 1
R63 fxd, film 68.1k 1% 1/8W 1 CEAT-O 07716 0757-0461 1
R64-66 fxd, comp. 10k 5% 1/4W 7 CB-1035 o1 121 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 C8-1055 01121 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 C8-1035 on21 0683-1035
R74 fxd, film 13.3k 1% 1/8W 2 CEAT-O 07716 07570289 | 1
R75 fxd, film 100k 1% 1/8W CEAT-O 07716 0757-0465
R76-78 Not Used
R79 fxd, comp. 1k 5% 1/4W 1 CB-102% 01121 0683-1025 | 1
R8O fxd, film 42.2k 1% 1/8W CEAT-0 07716 0698-3450
R81 fxd, film 13.3k 1% 1/8W CEAT-0O 07716 0757-0465
R82 fxd, film 21.5k 1% 1/8W CEAT-O 077186 0757-0189
R83-85 Not Used
R86 fxd, film 348 1% 1/4W 1 CEBT-O 07716 0698-3445
R87 fxd, film 3.01k 1% 1/8W CEAT-O 07716 0757-0273

R88 fxd, fitm 6.19k 1% 1/8W CEAT-O 07716 0757-0290
R89 fxd, comp 1k 5% 1/2W 2 EB-1025 o2 0685-1025
Ra0 fxd, comp. 10k 5% 1/4W C8-1035 01121 0683-1035

RO fxd, comp. 10 5% 1/2W 1 EB-1005 o121 0686-1005

R92 Not Used
RA3 fxd, film 2.49k 1% 1/8W CEAT-0 07716 06984435

R94 fxd, film 1.21k 1% 1/8W 1 CEAT-O 07716 0757-0274 | 1
R95 fxd, film 332 1% 1/8W 2 CEAT-O 07716 0757-0411 1
RS6 fxd, comp. 1.3k 5% 1/2W 1 EB-1325 o121 06856-1325 | 1
R97 fxd, comp 1k 5% W 2 GB-1025 oM 0689-1025 1
R98 fxd, comp. 1k 5% 1/2W CB-1035 (R P3] 0686-1025
Rg9, 100 fxd, comp. 10k 5% 1/4W CB-1035 Son 0683-1035
R101 fxd, film 31.6k 1% 1/8W 1 CEAT-0 07716 0698-3160
R102 fxd, film 340k 1% 1/8W CEAT-O 07716 0698-4536
R103 fxd, film 1k 1% 1/8W CEATO 07716 0757-0280
‘R104 fxd, film 100k 1% 1/8W CEAT-0 07716 0757-0465
R105 ’fxd, ww 510 5% 2w 1 TYPE BWH 75042 0811-1766 1
R106 fxd, comp. 510 5% 1W 1 GB-5115 onyn 0689-5115 | 1
R107 ¥xd, comp 6.8 5% 1/2W 1 EB-68G5 onN 0698-5525 | 1
R108 fxd, comp. 1k 5% 1W GB-1025 01121 0689-1025
R109 fxd, comp. 3.3 5% 1/2W 1 EB-0335 o 0686-0335 | 1
R110 fxd, comp. 360 5% 1/2W £B-3615 o1 0685-3615
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Table 6-4.

Replaceable Parts

" REF.

MFR. HP

DESIG. DESCRIPTION TQ MFR. PART NO. CODE PARTNO. | RS
R111 var. ww 250 20% TYPE 110 11236 2100-0439
R112 fxd, film 432 0.5% 1/8W 1 CEA-993 07716 06984186 | 1
R113 fxd, met. oxide 23k 2% 2W 1 RG42 11502 0763-0004 | 1
R114 fxd, fitm576 1% 1/8W 1 CEAT-O 07716 06984457 | 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 8080-1863 1
U1, 2 Duat linear op amp!. I1C 2 MC1458 02735 1826-0143 2
u3 Quad linear op ampl. IC 1 S$L24958 27014 1826-0138 | 1
U4 Quad 2-input NAND IC 1 CD4093BY 02735 1820-1577 | 1
us Quad D Latch IC 1 CD4042AY 02735 1820-1540 | 1
Us Linear voltage regulator IC 1 SL22310 07263 1826-0048 | 1
u7 Not Used
us10 Linear op ampt. IC 3 SL8641 27014 1820-0223 | 3
VR1 diode, zener 2.37V 2 S$Z10939-2 04713 1902-3002 | 2
VR2 diode, zener 6,19V 1 $Z10938-122 04713 1902-0049 | 1
VR3 diode, zener 2.37V S$Z10939-2 04713 1902-3002
VR4 Not Used
VRS, 6 diode, zener 6.2V 2 1N825 1902-1221 2
VR? diode, zener 11.8V 1 CD35728 15818 1902-3180 | 1
VR8 diode, zener 7.5V 1 S$Z210939-146 04713 1902-0064 | 1

A2 Interconnect Board {See Note 1)
C1 fxd, elect. 1600uF 85V 1 32D5279-DQB 55289 0180-1985 (| 1
Cc2 fxd, elect. 22uF 35V 1 1500226 X0035R 2 55289 0180-0160 | 1
o] fxd, cer. .05uF 400V 1 33C17A3-CDH 56289 0150-0052 | 1
c4 fxd, tant 33uF 75V 1 109D336X0075F2-DYP | 56289 01800234 | 1
CR1,2 diode si. 200V 1A 8 1NS5059 1901-0327 | 6
CR3 diode, si. 200V 1.5A 2 1N4999 1901-0416 | 2
CR4.7 diode, si. 200V 1A 1NS059 1901-0327
CR8 diode, si. 200V 1.5A 1N4999 1901-0416
CR%,10 diode, si. 200V 1A 1NS5058 19010327
CR114 voltage doubler 1 R712E 83003 1906-0088 | 1
CR12 Not Used
CR13 Thyristor-SCR 1 38639 02735 1884-0058 | 1
31,42 connector - pins only 2 28480 1251-0646
33 connector 10 pin 1 1-380991-0 Amp inc.| 12514271 1
J4,5 connector pc edge 12 pin 2 252-06-30-340 71785 12510478 | 1
Q1 power NPN Si. 1 2N3715 1854-0264 | 1
Q2 SS PNP Si. 1 SS1147 04713 1854-0448 | 1
R1 fxd, ww 50 5% 5W 1 RS-5 91637 0811-1854 | 1
R2 fxd, ww 5 5% 3W 1 RS-2B 81637 0812-0086 | 1
R34 fxd, ww 0.4 5% 40W 2 BW20 24681 0811-1817 | 1
R510 txd, ww 0.33 5% 3W 6 RS-28 91637 0812-0018 | 2
R11 fxd, ww 10 5% 10W 1 RS-10 91637 0811-1895 | 1
R12,13 txd, ww 100 3% SW 2 RS-5 81637 0812-0018 | 1
R14 fxd, comp. 68 5% 1/4W 1 CB-6805 01121 06836805 | 1
R15 fxd, ww 2 10% 5W 1 RS-5 91637 0811-1850 1
R16 fxd, ww 250 5% 5W 1 RS-5 91637 0811-1856 | 1
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Tabie 5-4. Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ MFR. PART NO. CODE PARTNO. | RS
R17 fxd, comp. 15 5% 1/2W 1 EB-1505 01121 0686-1505 1
R1B Not Used
R19 fxd, comp. 33k 5% 1/2W 1 EB-3335 01121 0686-3335
R20 fxd, comp. 4.7k 5% 1/2W 1 EB-4725 01121 068647256 | 1
T8 Terminal Block 14 Term 1 28480 0360-1820 1

A3 Input Board (See Note 1)
C1.3 fxd, cer. .05uF 400V 3 33C17A3-CDH 56289 0150-0052 1
C4.5 fxd, alum. 7800uF 100V 2 36D4808 56289 0180-2389 | 1
Cé fxd, tant 6.8uF 35V 2 150D685X903582 56289 0180-0116 1
C? fxd, polyester .022uf 200V 2 192P22392 56289 0160-0162 1
Ccs8 fxd, tant 6.8uF 35V 150D685X903582 56289 0180-0116
C9 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 250V 2 312006 75915 21100056 | 5
Q,2 SS 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 01121 0686-2205 | 1
R4 fxd, ww 5k 5% 5W 1 RS-5 91637 0812-0060 | 1
RS Not Used ~
R6 fxd, met. oxide 2752 5% 2W 2 RG42 11502 0698-3611 1
R?7 fxd, met. oxide 43 5% 2W 2 RG42 11502 0698-3614 | 1
R8 fxd, comp. 150 5% 1/2W 2 EB-1515 01121 0686-1515 1
RS fxd, comp. 1k 5% 1/4W 2 CB-1025 01121 0683-1025 | 1
R10 fxd, ww. 2.7 5% 2W 2 BWH 75042 0811-1671 1
Rt1 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
R14 fxd, comp. 1k 5% 1/4W CB-1025 01121 0683-1025
R15 fxd, ww 2.7 5% 2W BWH 75042 0811-1671
T1,2 pulse transformer 2 28480 5080-1785 1

A4 Heatsink Board Top {See Note 1)
Q1-3 power NPN Si. 3 60675 02735 1854-0755 3
Q4 power PNP Si, 1 2N5954 1853-0277 1
A5 Heatsink Board Bottom (See Nots 1)
Q1-3 power NPN Si. 3 60675 02735 1854-0755 | 3
TC1 Thermal Switch (opens 248°F + 6°; 1 |430-900 72983 31030019 | 1
closes 188°F + 12°F)
Front Panel Electrical

C1 fxd, tant 33ufF 75V 1 109D336 X0075F2-DYP | 56289 0180-0234
DS1 LINE indicator light 1 28480 1450-0566 1
DS2, 3 Led, VOLTAGE MODE, CURRENT MODE 2 28480 1990-0521 2
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Table 6-4. Replaceable Parts
REF. MFR. HP
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE PARTNO. | RS
DS4,5 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 2100-1924 |1
R2 var. ww 1k CURRENT 1 8400 84048 2100-1864 |1
R3 var. ww 5k OVERVOLTAGE 1 TYPE J 01121 2100-0790 |1
S1 switch DPST toggie LINE 1 8926K317 27191 3101-0846 |1
Chassis — Electrical
B1 fan cooling 115V 50/60Hz 1 WS2107FL-65 28875 3160-0056 |1
c2 fxd, paper 0.1uF 250V 1 28480 01604065 |1
CR1,2 Triac 200V 40A 2 T6420B 02735 1884-0255 |2
F1 LINE fuse 64, 250V (100/120} 1 312006 75915 2110-0056 |5
LINE fuse4A, 250V (220/240}) 1 312004 75915 2110-0055 |5
T1 power transformer 1 28480 06002-80091
U1, 2 Rectifier diode, assembly 2 SDA 10254-3 04713 1906-0017 {1
A1 Control Board — Mechanical
Bumper, insulating 2 28480 0380-0514
heat dissipator, TO-5 {QB) 1 28480 1205-0033
A2 Interconnect Board — Mechanical
ground bracket 1 28480 | 06002-00004
heatsink, SCR 1 28480 06002-00005
terminal block jumpers 6 28480 0360-0523
heat dissipator T0-3 (Q1, CR11) 2 28480 1205-0267
A4 Heatsink Board Top — Mechanical
heatsink 1 28480 06002-20001
spacer - nory! K] 28480 0380-0686
fiat metal spacing washers 8 28480 3050-0010
transistor insulator-plastic {Q1-Q3) 3 28480 0340-0795
transistor insulator-mica {Q4) 1 28480 0340-0180
transistor insulator-plastic {Q4) 1 28480 0340-0548
AS Heatsink Board Bottom — Mechanical
heatsink 1 28480 06002-20001
spacer - noryl 3 28480 0380-0686
fiatmetal spacing washers 6 28480 3050-0010
transistor insulator-plastic {Q1-Q3) 3 28480 0340-0795
Front Panel — Mechanical
front panel 1 28480 06002-00002
1 28480 06002-00001

front panel trim
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Table 6-4. Repiaceable Parts
REF. MFR. HP
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE PART NO. |[RS
knob (R1, R2) 2 28480 0370-1091
retainer, push-on 1 28480 0510-1157
knurted nut (S1) 1 28480 0590-0012
spring, compression, meter mount 8 28480 1460-0256
meter bezel 2 28480 4040-0206
panel bushing (R3}) 1 28480 1410-0052
binding post, OUTPUT 2 28480 1510-0091
binding post, GND 1 28480 1610-0107
retainer led (DS2-DSS5) 4 28480 1400-0540
clip-led {DS2-DS5) 4 28480 1400-0547
Chassis — Mechanical
front frame, 1/2 module 1 28480 5020-8817
top trim, front frame 1 28480 5040-7203
- side, trim, front frame 2 28480 5001-0440

rear frame, 1/2 modute 1 28480 5020-8818
rear panel 1 28480 06002-00003
corner strut, 17" 4 28480 5020-8836
front chassis, upper 1 28480 06002-00006
front chassis, lower 1 28480 06002-00007
rear chassis 1 28480 06002-00008
baffle plate 1 28480 06002-00011
cover-perforated, top/side 1/2 module 1 28480 5001-0464
strap handie, 15" 1 28480 5060-9803
front cap, strap handle 1 28480 5040-7219
rear cap, strap handle 1 28480 $040-7220
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, A3CS) 2 28480 0180-1870
PC board guide (A2 bd) 4 28480 0403-0t64
line moduie 1 28480 0960-0444
identification labe! (Serial Tag— 1 28480 7120-1111
standoff, hex, .375 in. 3 28480 0380-0175
standoff, hex, 1.062 in. 5 28480
standoff, hex, 1.562 in. 4 28480
Miscellancous
packing carton 1 28480 9211-0617
floater pad, packing carton 2 28480 9220-1494
Line Cord — One supplied according to
user’s location, as follows:

U. S., Canads, 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 | B







SECTION Vil
CIRCUIT DIAGRAMS AND COMPONENT LOCATION DIAGRAMS

This section contains the circuit diagrams necessary for the designators of all power supply parts.

operation and maintenance of the 6002A power supply. b. Logic circuit waveforms (Figure 7-8), showing
{Circuit diagrams for Option 001 are included in Appendix waveforms which sre used in conjunction with the trouble-
A.) Included in this section are: shooting procedures of Section V.

a. Component location diagrams {Figures 7-1 ’ c. Schematic diagram (Figure 7-8), illustrating
through 7-7), showing the physical ocation and reference the circuitry for the entire power supply.
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Figure 7-7. Bottom

Heat Sink Board (A5), Component Location
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APPENDIX A
HP-1B OPTION 001

A1 GENERAL INFORMATION

Kt-ll

A-2 This option allows the 6002A power supply to be .
digitally controtled via the HP-IB from a calculator, com- %rn
puter, or other controller. The digital format is bit parallel, m,ﬁ;ﬁ“ NOAC
byte serial, ASCI! coded format. With this option, an HP-IB TAU.LISTEN. M0 oK~ [ 1¢e
controller can program the output voltage or 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-IB constant voltage (CV), or HP-1B constant cur- N — | A
rent (CC). There is no interaction with the HP-1B when in ILISTEN Q >mr.r
the local (front panel) mode. | Bl

TS e
A-3  Option 001 Hardware |

|
A-4 The Option 001 hardware consists of three print- f
ed circuit boards, the mode switches, address switches, and ,' b4 SNy oS
HP-1B connector. The three boards are installed in the rear { m L q_ 1" 113 StenAL
{upper section) of the 6002A chassis {see Figure A-1). The } D e ﬁ“‘““"‘ ot
switches and HP-1B connector are located on the rear of the | BOARDS) | |
supply. =l %

i

A-5 The three boards are designated A100 Input Board, i E
A200 Digital Board, and A300 Analog Board. The Option { i L_~ 3
001 circuits are interfaced with the 6002A power supply { l“uur : q/ »\\ T LS
via a cable connected to the supply’s A2 Interconnect Board. : = | Ny 1 St
Connections between the Option 001 boards are hard wired. : gg’g’ I []
Operating voltages for the Option 001 circuitry are provided { POSITION) }
by dc power supplies on the A300 Analog Board. | l"wf I beve vt

{ oc : o/ FRou !
A6  Operating on the HP-I8 { ] s seves

' ! | pATA LINE DIDB AND CONTROL SIGHAL LINES SRG,

A-7 The basic operation of the option enables the [ ,m €01 4RE NIT USED BY TIE 60024~ 001
power supply to change its output in response t0 program-
med data. The format of the programmed data word is a 100 A200 A300
four-digit code (four ASCH characters). The first digit poivri /':f.'::‘ soans?
selects the output range while the remaining three digits ‘ [Noen 420 %!

f

determine the magnitude of the output voltage (or current 7
if in the CC mode). The programmable range enables the :
user to obtain better resolution and accuracy when the
power supply is operating below 10 voits (CV mode) or 2A
{CC mode). No power supply control signals are returned
to the controller. The following paragraphs provide a brief
description of bus operations.

W UV W

A-8 Figure A-1 illustrates the signal flow on the HP-1B 60024-001 POWER SUPFLY (TOP VIEW)

between a controller (e. g. 9830A calculator) and the 6002A-
001 power supply. Data is transferred over the bus on data Figure A-1. Option 001 Circuits and Bus Connections

A1



input/output lines DI01-DI08 utilizing the byte serial
technigue. 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
ASClicode. Line D108 is not used by the 6002A but can
be used by other bus devices. The state of the attention

{ ATN} line is controlied 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-D108 as instructions (commands) from the
calculator. Assume that a command is sent (ATN line true)
enabling the 6002A to listen in preparation to receive data
froma “talker” (in this case the calculator). The address
switches were previously set to a particular address (one of
31 address codes) that distinguishes the 6002A from the
other bus devices. After addressing the 6002A to listen,
the calculator places the HP-1B 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 6002A
buffers the data and converts it 10 an analog voltage { 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.

A-9 A3-wire handshake sequence is used to control the
transfer of each character on the HP-1B. This process
aliows devices with different input/output speeds to be
interconnected to the HP-IB. 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 (IFC)
control signal from the calculator. The IFC signal is used to
terminate activity on the HP-IB. Option 001 circuitry does
not respond to the remote enable (REN) or EOI (end or
identify) control signals nor does it generate the service
request (SRQ) control signal.

A-11 HP-IB Capabilities

A-12  As described above, the 6002A-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 functional capabilities. All HP-1B functional
capabilities are defined in IEEE Standard 488-1975. Tabie

A-1 lists the specificat:ons concerning operation of the
6002A-001 on the HP-1B.

Tabie A-1. Option 001 Specifications

OPTION 001 LOGIC LEVELS:

TTL Logic CMOS Logic
1 = true 2 2V 1= true = 3.5V

0 = false < 0.8V 0 = false < 1.5V
ISOLATION:
250Vdc between HP-I1B data input levels and power
supply. Option 001 employs TTL logic on HP-1B side
of isolators and CMOS logic on power supply side of
isolators.

PROGRAMMING:

Range:
High Range — 0 to 50V (CV) or,
010 10A (CC)
Low Range — 010 10V (CV) or,
0 to 2A (CC)

Speed: Typical time for power supply output voitage to
change between 0 t0 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: (252 5°C after 30 minute warmup)

Range cv cc

High 0.2% + 25mV 0.2% + 25mA

Low 0.2% + 10mV 0.2% + 25mA
Resolution:

Range cv cc

High 50mV 10mA

Low 10mvV 2mA

INTERCONNECTING CABLE (6002A-to-HP-1B):

Standard 72-inch {1.8 meters) HP-1B cable No. 106318,

supplied with calculator 1/0O 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° 10 +75°C




A-13

INSTALLATION DATA

A-14 Equipment Required

A-15 If an HP calculator is used to program the 6002A-
001, the following equipment is required:
HP >0
Calculator 1/0 Card Package ROM
9820A 59405A Option 020" Math
HP-18 1/O
9821A 59405A Option 021" Math
HP-iB 1/O
9825A 98034A HP-1B /0O String,
General 1/0,
Extended 1/0 |.
9830A 59405A Option 030 ** String
HP-1B 1/0

* Includes Peripheral Control {t ROM

**  iIncludes Extended I1/0 ROM

*** }f the HP-1B/21MX minicomputer is used as the
controlier, the 533108 HP-18 Computer Interface
card is required.

A-16 HP-IB Connector

A-17 The HP-IB connector on the rear of the 6002A-
001 interfaces directly to the HP-1B. Figure A-2 iltustrates
the pin configuration of the HP-IB connector which is a
24-pin, type 57 micro-ribbon connector. One HP-1B cable
is supplied with each HP computer and calculator 1/0 card
package. Extra cables may be ordered separately.

HP-18 Cable Model No. Cable Length
10631A tm (3.3 fr.)
106318 2m (6.6 ft.)
10631C 4m (13.2 f.)

NOTE

The HP-1B connector supplied with this
unit contains metric fasteners (colored
black). 1f 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-1B cables use the same piggyback connector

A3

on both ends. The connectors may be stacked one upon
another. As many as 15 instruments (including the con-
treller) may be connected to the same HP-iB. Figure A-3
illustrates a controller (e. g., a 9830A calculator) and a
6002A-001 power supply connected to the HP-IB.

SIGNAL GROUND ({24 12]]{ SHIELD o~ GROUND ONLY
P70 TWISTED PAR wiTH 14 (1123 1t l{l ATN AT SYSTEM
P/OTWISTED PAR WITH 10 |Il 22 10(|| SRQ =3
»JPOTWISTEDPARWITH 9 /121 9|lf 1FC
P/OTWISTED PARWITH 8 11|20 BJ]| NOAC
PO TWISTED PARWITH 7 {1 18 7{|| wRFD
PO TWISTED PARWITH 6 [{{ 18 6]|| Dav
. { rev {17 s]l] €01 wx

pios {|| 16 4}|] otos

oo {111 3] oos

owos [} 14 21! DIO2

0105 @ otot

NOTE: TYPE 57 MICRO-
RIBBON COMNECTOR

é

#* SIGNAL GROUNDS
%% NOT USED BY 6002A- 001

HP-10 LOGIC LEVELS: GROUND TRUE, TTL COMPATIBLE.
INPUT LEVELS (FROM HP-I1B): 1+ TRUE SO.8V
9= FALSE 2 20V

OUTPUT LEVELS (TO NP-18): 1= TRUE =0OVDC TO 04VDC
9= FALSE = +2.3VDC TO +5vDC

Figure A-2. HP-1B Connector

CONTROLLER
(E.G. 9830A CALCULATOR)
[ —

70
OTHER
BuS DEVICES

106348 HP-1B CABLE

— MCDE SWITCHES

NP-18
CONNECTOR e
. BARRIER
8LoCK
ADDRESS
SWITCHES

Figure A-3. HP-IB Cable Connections



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 A4, there are seven address switches. The
fast two switches (6 and 7) are ignored (have no affect).
Switches 2, 4, and 5 are'$et 1o "0’ and switches 1 and 3
aresetto 1" toselect a listen address of “%’". Note that
"% is the suggested listen address and is one of 31 fisten
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 for 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 on
the rear of the 6002A-001, consist of a pair of push-in,
push-out type switches as shown in Figure A4, 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-
eters, When programming the supply via the HP-IB, 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. |f 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 controlied lacally by the
front panel CURRENT potentiometer (or via remote pro-
gramming terminals A4 and AG, see paragraphs 3-44 through
3-46). When CC is selected, the supplys CC output is pro-
grammed via the HP-1B {front panel CURRENT potenti-
ometer has no controi) and the CV output is controlled
locally by the front panel VOLTAGE potentiometer {or

-

' ADDRESS SWITCH ., i:cca
[ —

FEFELFT IS
cm

Figure A4. Listen Address and Mode Switches

Tabie A-2. Listen Addresses and Switch Settings

Address Switches Listen
Address

5 4 3 2 1 Character
C 0 c 0 0 SP
0 o] 0 0 1 !
0 0 0 1 0] '
0 0 0 1 1 =
0 0 1 0 0 s
0 0 1 (0] 1 %
0 0 1 1 0 &
0 0 1 1 1 ’
0 1 0 0 0 {
0 1 0 0 1 )
0 1 0 1 0 *
0 1 0 1 1 +
0 1 1 0 0 ,
0 1 1 (4] 1 -
0 1 1 1 0 .
0 1 1 1 1 /
1 0 0 0 0 g
1 0 0 0 1 1
1 o 0 1 0 2
1 0 0 1 1 3
1 0 1 0 0 4
1 4] 1 0 1 5
1 0 1 1 0 6
1 0 1 1 1 7
1 1 0 0 0 8
1 1 0 0 1 9
1 1 0 1 0 :
1 1 0 1 1 ;
1 1 1 0 0 <
1 1 1 0 1 =
1 1 1 1 0 >

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 operation and there is no control
via the HP-1B. Operating the supply in the CV or CC mode
is described in paragraphs A-43 through A-54.

NOTE

Programming via the HP-I8 is allowed in the CV
or CC mode but not in both modes simultaneously.
If 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-18B.



A-24 PROGRAMMING

A-25 The CV or CC output of the power supply is pro-
grammed by a data word comprised of four 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 to specify high range (S0V fc- CV, 10A
for CC). The magnitude digits can be any number from
000 o0 989.

D1 D2 D3 D4

Magnitude
000-998

Range
lor2

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 99.9% of full range. Since
890 is the maximum value for the magnitude digits, the
programmable output ranges are as follows:
Low Range CV — 0to 9.99V (99.9% of 10V}
High Renge CV = 0 to 49.95V {89.9% of 50V)
Low Range CC -~ 0to 1.998A (99.8% of 2A)
High Range CC ~ 0to 9.99A (99.9% of 10A)
The following table gives examples of power supply outputs
and corresponding data word values.

Power Supply Data Word
Ovutput Range Magnitude % Value
2.5V 0V 25.0% 1250
8.4V w0V 89.4% 1894
25.5V 50V 51.0% 2510
40.10V 50V 80.2% 2802
1.50A = 2A 75.6% 1780
4.32A 10A 43.2% 2432

A-27 Calculating Data Word Values

A-28 Data word vslue calculations for the 10V, 50V,
2A, and 10A output ranges are described below. Note
that each data word must be exactly four digits long (one
digit for range and three digits for magnitude).

A-28 10V Range. The desired output voltage values
are from OV to 8.980V. To convert the desired output
voltage into a data word representing a percentage of the

output range, proceed as follows:
1. The resolution in the 10V range is 10mV,
- Let D= .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 significant 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 vaiue {N),
N=R+INT (V/D +0.5)
Example, desired voltage = 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 exampie, the desired output voltage is 5.1234 voits
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 sampie programs
given in paragraph A41.

A-30 50V Rangs. The desired output voltage values are
from OV to 48.95V. 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 Rsnge. 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 Rangs. The desired output current values are
from 0 1o 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, 8 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 controller (3830A 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 listen 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 word
value “"1258" which is sent to the 6002A-001.

Example 1. Sending a Constant Data Value
(98304 Calculator]

Range Digit
Magmtude Digits

6002A Listen Address
Calculator Talk Address
Unlisten Command

CMD "7U%" "125@"
Data Word

A.36 Example 2 illustrates 3 command statement issued
by a2 9825 A calculator. Note that in addition to the calcu-
lator talk address “"U* and the 6002A-001 listen address
%", the address code of the MP-IB Interface Card (98034A)
must be included. It is assumed that the interface card has
been gssigned its standard select code of 7. The 9825A
command statement also includes a constant data value of
7*1258" which is sent to the 60024-001.

Example 2. Sending 8 Conswant Dats Value
(38Z5A Command Statement)

Range Digit
gnitude Digits

6002A Listen Address
Calcviator Talk Address
Unlisten Command
98034A Seiect Code ,.,,,_.,]

e N

emd 7, “TU%R", “1258"
\
Data Worg

A37  Example 3 illustrates a write statement (9825A
calculator) which can also be used to address the 6002A-001
to listen and send a constant data value. The 6002A-001
{isten address of %" corresponds to sn address of 95" as
defined in the 9825A General 1/0 ROM manua! (09825
90024) Chapter 4. Note the format statement (line @) used
in Example 3. The "¢ specifies a character field, while
the “2" is used 1o suppress carriage return/line feed codes
atthe end of the write staternent. Suppression of the car-
riage resurn/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.

A

Example 3. Sending 8 Constant Data Value
. {3825A Write Statement)

Suppresses CR/LF Codes

@: fmti,cz

1: wrt 7€5.1, "125@""
98034A Select LBOOZA-OO1 Address
Code

A-38 Command statements can only be used to send
data constants. Qutput {9830A) or write {9825A) state-
ments can also be used 10 send data constants but must be
used to send variables.

A-39 Example 4 illustrates how an output statement
{9830A) is used to send variable data to the 6002A-001.
This example includes a cornmand statement {line 100)
enabling the 9830A to talk and the 6002A-001 to listen.
However, the variable data that will be sent to the 6002A-
001 is included in the output statement {line 128). Variable
N can be any number from 1990 to 1999 or from 2080 to
2999, !f the variable were equal to 1250, Exampie 4 would
program the same power supply output as Exagmple 1. Note
that in Example 4, line 110 uses format specification
F1895.0 and line 120 ends in a semi-colon. The F1895.0
format 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 120} suppresses the carriage return/iine
fead codes at the end of the output statement. 1 the ieading

spaces are not deleted and the CR/LF codes are not suppressec

the power supply output will go to an undesired value.

Exsmple 4. Sending Varizble Data
{2830A Calculstor)

186 CMD "?2U%"
118 FORMAT F1885.@
120 OUTPUT (13,110} N;

A40
is used to send variable data to the 6002A-001. if variable
N in line 1 were equal to 1258, this exampie would program
the sarne power supply output as the previous examples.
Format spzcification 4.0 deletes leading spaces and the 2

suppresses the CR/LF codes for the same reasons as described

above.

Exsmple 5. Ssnding Varisble Dats
{9825A Calculator)

9:fmt1,14.8,2
1: wrt 705.1, N

Example 5 illustrates how a write statement (9825A)



A41 Sample Programs supply voltage. Depending upon the voltage value entered,
the programs autornatically sslect the proper range constants

A42 Ssmple programs using the 9830A and 9825A to caiculate the correct data word. The programs can easily
calculators are given in Examples 6 and 7, respectively. be modified to input current by substituting | (current) for
The programs allow keyboard input of the desired power V (voltage) and using the current limits and resolution

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

Exaemple 6. S830A Sample Program

16 FER H LOPRJICERM SUTRUTD FORER ZUPPLY IHTERFRCE
28 REM  VOLTAGE IWFUT T2 IH

=8 REN 'H TABLE AL ISHMENTE FHLLdu-

48 FER y VWOLTACE TC EE

S RERM T THE ML UE OF 1TGIT

& REM F COMSTANT TO DETE G0 RANGE e ZEndsHich Fench
T ORERW ] THE i#RmOGERRM COD TO THE PGWER SLFFLY
S G IR T

93 FORMRT Frbal, b

14 Lisk "EHTE L TASE B TD S MaLToRvs

11 IWFPUT W

128 IF W »= B THZH 159

128 DISPE "EMTER FOSITIVE VOLTHRSE DMLY

48 SO0 1ie

156 IF & <= 58 THEM 1&4

1e@ DIy "WOl.TAGE TOO HiGH: RCDRTEE™S

17 GLTo 1iv .

136 IF Y456 THEHW Z&8

198 LET w=43,95

288 IF 3,925 THEM Zaa

218 LET D=4}

228 LEY F=1n8a

23 GNT0 Z&

248 LET D=6.05

298 LET H=2Ls=

2E8 H=k+ IHT

Car S B ¢ H

Saa OuUTRUT s

298 SOTO Sa

388 EKD

Explanation:
10-280 Aliow user to input desired voltage on 9830A keyboard. Automatically select proper range and corresponding
section of program. Format specification F1885.0 in line 90 deletes leading spaces (see paragraph A-39).

210-269 Caiculate the correct data word value {N) for output to the 6002A-001. Lines 210 and 220 provide low range
constants while lines 240 and 259 provide high range constants.

27¢ 9830A is addressed (U) to talk and 6002A-001 is addressed (%) to listen.

282 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).

299 Program returns to line 8@ allowing user to input the next desired output voltage value.




Example 7. S825A Sample Program

ez

i "Enter Yoltase <0 to SEY

il "Emter Positiwve Yoltags eYiamp B

2l L "Waoltagse Too Hishs Reenter sWisem —1
H L AG ey

41 *FILE MUE, IR0, 0505 Z00E4F

5 +,50+H

ELoFmt lat g, Deziwrt FAS,IvMIiato Yztart

Explanation:
@-2 User inputs desired voitage on 9825A keyboard.
3-4 Proper constants are selected for high or low range.

) Correct data word value (N) is calculated.

6 Data word (N) is sent to the 6002A-001. Format f4.@ deletes leading spaces and 2 suppresses the CR/LF codes
{see paragraph A<40). Program returns to line @ (start) allowing the user to input the next desired voltage value.

A-43 OPERATING INSTRUCTIONS

A-44 The following peragraphs 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.

A-45 Consiant Voltage Oparation
A-48
tion:

To program the supply for constant voltage opera-

a. Connect supply to an HP-1B controiler.
b. Set Mode switches on rear of supply to CV
position.
¢. Turn on controller and supply
d. With the supply’s outmut terminals epsn, pro-
gram the supply for the desired output voltags.
e. Connect a short zcross the supply’s rear gane!
output terminsls and adjust the front pene!
CURRENT control for the dasired maximum
output current. If 8 load chengs causses this
current limit to be excesded, the supply auto-
matically crosses over to constant current opers
tion st this presst current limit and the ocutput
voltage drops proportionaily.
A-47 Constsnt Current Opsration
A-48 To program the supply for constant current opere-
tion:
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.

c. Set Mode switches to CC and turn on the supply.

d. Program the supply for the desired output current.

e. Open the output terminals and adjust the front

panel VOLTAGE control for the desired maximum
output voltaga. |f a load change causes this voltage

limit to be exceeded, the supply automatically
Crosses over to constant voltage operation at this
point voltage limit and the output current drops
proportionally.

A49 CV/CC Controt Circuits

A-80 The Option 001 circuits produce a voltage program-
ming output in response to the digital data received on the
HP-IB. As shownin Figure A-5, the programming voltage
(Vo) is applied to the CV or CC control circuits within
the supply through the mode switches. The magnitude of
Yoyt renges fram 0 to —6.20V nominal (with respect to
%’ ) for high range programming codes (2660 to 2999)
anid from 0 to —1.24V (nom} for iow range programming
codes (1883 to 1299). In the CV mode, the positive side
{ ¥ ) of the programming voltage is substituted for the
+8.2V refergnce in the CV comparison amplifier circuit to
oontrol the supply’s output voitage. In the CC mode, the
negative side (VOUT’ of the programming voltage is sub-
stitutad for the fixed —6.2V reference in the CC compari-
son amplifier circult to control the supply’s output current.

A-51 Figure A-5 shows CV programming selected (S2



in, S3 out) substituting \/  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 (V) or any
instantaneous changes in the supply’s output voltage pro-
duce a difference voltage between the + and — inputs of
the CV comparison ampliifier. This difference voltage is
amplified and appears at the amplifier output as an error
voitage. The error voitage varies conduction of the supply’s
series regulator until the output changes sufficiently to hold
the difference voltage at zero volts.

A-52  For CC programming (S2 out, S3 in), Vg7 is
substituted for the —6.2V fixed reference in the CC com-
parison amplifier circuit. Also, the wiper of CURRENT
potentiometer R2 is open circuited making it a fixed resis-
tor. For this configuration, changes in the programming
voitage (VOUT) or instantaneous changes in the output
¢urrent due to 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 volits.

A-53  Programming via the HP-IB is allowed in the CV
or CC mode but not in both modes simultaneousty. If S2
and S3 are inadvertently pushed in at the same time, the
output of the supply is held near zero and there is no
control from either the front panel controls or the HP-1B.

A-54 If the mode switches are set to LOCAL (52,83
out), 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 installed
on the A2 interconnect board:

Jumper Connection
A2wW1 between A2J1 pins 10 and 11
A2W?2 between A2J1 pins 12 and 13
A2W3 between A2J1 pins 17 and 18
A2W4 between A2J1 pins 15 and 16
A-55 CIRCUIT DESCRIPTION
A-56  Option 001 consists of digital processing circuits,

a digital-to-analog converter, and analog output circuits
which allow the 6002A power supply to change its output
voltage 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,

A8

EEL
E;

i

/

# SWITCHES SNOWN IN MP—I8 CV MODE

Figure A-5. CV/CC Contro! Circuits

sheets 1 through 5 at the end of this appendix. The follow-
ing descriptions are based on the schematics and are present-
ed to support the troubleshooting procedures given in
paragraphs A-93 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 DI01-Di06 data input fines. 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-59 The address comparator consists of 5-bit compara-
tor Ul and the address switches on the rear of the supply.
When the levels on data lines DI101-D10S match the address
switch settings, Ut provides a H! tevel ADDRESS output
to the listen togic on board A200.

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

A-B1 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. lsolators, 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 is initially
turned-on, the preset circuit generates a LO level pulse
{PON] 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 properly initialized when
power is turned-on.

A-83  Acceptor Handshake (Sheet 2). The acceptor
handshake circuit impiements the 3-wire handshake cycle
that occurs with each command or data character received
on the bus data lines DI01-DI07. Unrecognized command
characters (e. g., talk address) will be ignored but the hand-
shake cycle between the controtier and the 6002A will occur
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 listen mode (listen flip-flop set) and
ATN is Hi (data mode). For either of the above conditions,
the output of NAND gate U7-6 goes HIl 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.

To: 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 H] (data on bus is not
valid).

T1 : 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 lusec NRFD
goes LO {6002A not ready for data). Also, accept data
signals, ACDS (U13-13) and ACDS {U13-4), are generated.

A-10

a. If the HP-IB is in the command mode (ATN LO), the
ACDS signal gates a recognized command character (6002A s
listen address of ‘%" or unlisten command 7'} which sets or
resets the listen flip-flop (see paragraph A-64).

b. If the HP-IB is in the data mode (ATN H1) and the
6002A had previously been addressed to listen, the ACDS
signal gates the clock generator, producing a clock pulse
which loads the data character (range or magnitude) present
on bus lines {DI01-DI04) into the appropriate storage resister
{see paragraph A-66).

Tq: After approximately 15usec, the trailing (posi-
tive) edge of the ACDS (U13-4) signal produces a negative
pulse (U8-11) which sets the DAC F/F {U7-8 goes H! 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 HI
indicating that the data on the bus is no ionger valid.

Tg: When DAV goes Hli, the DAV F/F is reset
{U10-8 goes Hi and U7-8 goes LO) causing NDAC (J1-8) to .
go 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 controlier sets DAV LO
and the next character is transferred (T2 through T5).

rs—- CHARACTER PRESENT —--—-1
0

DATA L ES
pto! - B10

V.4
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{J1-6)
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(Ui3-43)

AChS
(V13-4)

va-il
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DETECTOR !
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ulo-8
ARy

60—_.___J ——e e e e e f ..,_____.....

=
!

T3 Ta Ts T

Figure A-6. Acceptor Handshake Signals, Timing Diagram



A64 Listen Logic {Sheet 2). The listen logic consists
of logic gates which set or reset the listen flip-flop. When
the listen flip-flop is set, the 6002A is enabled to function
as a “listener’”’ 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}. 1f ATN is LO and the 6002A’s listen
address is decoded {ADDRESS is Hi), the listen flip-flop is
set (U8-3 goes Hi) when ACDS is received from acceptor
handshake circuit. Note that only a portion of the listen
address is specified by the ADDRESS signal. In addition,
HP-1B data input line D107 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 wiil be
enabled when the bus is placed in the data mode (ATIN 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 (ASCI1"?"*} is placed on the bus,
the tisten flip-fiop 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-fiop. The TFC signal is used by the
controller to terminate activity on the bus.

A-88 Clock Generator (Sheet 2). The clock generator is
enabled when the listen flip-flop is set (U8-3 is HI) and the
HP-18 is in the data mode (ATN is HI). When enabled, the
clock generator produces a clock pulse (approximately
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
D107-D104 into the appropriate storage latch (see paragraph
A-68).

A-67  lsolators (Sheet 3). Data bits Di01-DI04, the
sequencer clock signal, and the sequencer reset signal are
applied through inverter drivers (U4-US) to photo-isolators
(U15, 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-IB8
data input lines and the 6002A power supply. Each dual
isolator IC package contains a pair of fight emitting diodes
and integrated photon detectors. The isolated D101-D104
data bits are routed to the appropriate data 1 storage latches
while the isolated clock and reset signals are sent to the data
storage sequencer.

A-68 Data Storage (Sheet 3). The data storage circuits
consist of data storage 1 latches, data storage 2 latches,
and the data storage sequencer Citcuit. The circuits store
the data word which consists of four characters. The

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 (LSB), 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 ioaded into the data storage

2 tatches. The timing sequence for the data word transfer

is provided in Figure A-7.

A69  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 Hl level. 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 (L1) at U18-8. The trailing edge of
L1 loads the range character into data storage 1
(V27, J/K flip-flop}. The trailing edge of the
first clock pulse transfers the data input (U28-7)
into the shift register causing Q1 (U28-5) 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 H1, 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 LO, Q2 goes HI). With Q2 Hi, the data
input (U28-7) remains LO and the L3 AND gate
{U19-5) is enabled.

¢. 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. Cycie 4. The fourth clock pulse produces a posi-
tive pulse L4 at U19-3. While L4 is HI, the third
magnitude character is transferred into storage
level 1 (U24, four bit latch). The trailing edge of
the fourth clock pulse shifts U28 (Q3 goes LO,
Q4 goes HI). 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 U28-13 (P/O trn
on/off circuit) to go H! (this signal is significant
only when power is initially applied and the first
data word is oaded, 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 to go LO}. For this condition, the data
input (U28-7) is H! initializing the shift register
for the next datz word transfer.

A-70  The range latch output {U27-14) is LO if high

range was programmed and H! 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 digitai-to-anaiog converter (DAC! U28. The
DAC is programmed in BCD. Each 4-bit storage latch con-
tains a number (@9). Thus, the three latches can provide an
output from @@@8-999. The latch outputs 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

most significant bits, etc.}. The data storage 2 cutputs are
retained until 3 new data word is transferred from the bus.

A-72  Digital-to-Anaiog Converter (Sheet 3). The digital-
to-analog converter {DAC} U29 converts the 12-bit BCD
input into an output current. The DAC OUT range (0-2mA)
corresponds to a BCD input range of 080-999. The DAC
OUT is applied to a current-to-voitage converter (Operational
Amplifier A3.00U1) 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 O-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
for the Option 001 circuitry. 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 001 circuit boards.

A-75  Analog Output Circuits (Sheet 4). The analog
ouTpUT circuits consist of two operational amplifiers (U1

and U2), the range switch circuit (Q1, Q4), 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 10
output amplifier U2 through range resistors R6-R9.

A-77  Output 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
EET Q1 (see paragraph A-79). With R8and R9 shunted,

the gain of U2 is equal to R10 + (R6E + 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 + R9).
Variable resistor R9 atlows 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 A49 through
A-54).

A-78  The range switch aliows 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 (A200U27). A LO
signal level represents high range and a HI signal level rep-
resents low range.

A2



A-79 if a LO leve! is received, transistor Q4 is turned-
off causing FET Q1 to conduct. The FET isused 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 ang R7
(R8 and R9 are bypassed).

A-80 If a Hi level is received, transistor Q4 is turned-on
causing Q1 to turn-off. Fer this condicion, the output of
U1 is coupled to the input of U2 through range resistors
R6 through R9.

A-81  The turn on/off circuit is comprised of shift register
B (U28) on the A200 board (sheet 3}, transistor stages (Q6,
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 or off.

A-82 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 06, 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, consequently,
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 ioaded into data storage 2, shift register
8 output (LJ28-13) goes Hi (see paragraph A-39d) turning
off Q6. With 06 off, the negative voltage from Q7 causes
FET's Q2 and Q3 to cutoff removing the short circuits.
Output amplifier U2 will now provide an output determined
by the programmed data word.

A-83 At tum-off, the —15V supply voltage decays faster
than the +15V and Vdd supply voltages. When the —15V
supply decays sufficiently, U28 is reset {U28-13 goes LO)
turning on Q6. With Q6 turned-on, Q2 and Q3 conduct
restoring the short circuits. Thus, the output of U2 is
clamped at a low level during the decay of the +15V and

Vdd supply voltages.

A-B4  Supply Volitagss (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 powver supply is applied to transformer T1 through

connector A2P1. The board contains the following supplies:
+15V supply: Voltages are referenced to W

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 1C’s on the

N/ side of the photo-isolators.
+5V suppiy: Referenced to bus ground v and is
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
for 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 itis
properly adjusted. The troubleshooting procedures are per-
formed if a maifunction occurs while performing the check-
out procedures or during normal operations. The trouble-
shooting procedures isolate a malfunction to the Option 001
circuitry at the component level 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-
shooting the Option 001 circuits. The additional instruments
required for troubleshooting are listed in Table A-3.

A-89 If available, Bus System Analyzer HP Mode! 58401A
can be used in place of the calculator when troubleshooting
the 6002A-001. The 59401A provides talker, listener, and
controller modes of operation. The operating speed of the
59401 A varies from one character at a time in the halt mode,
to two characters per second in the slow mode, and full

HP-1B speed in the fast mode. Thus, the 59401A 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. If a malfunction is
detected during checkout, the procedures determine whether
adjustment or troubleshooting is required. The procedures
in Figure A-8 provide the following checks:

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 rangss.

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

A-82 The checkout procedures are performed with the
6002A-001 power supply connected to the HP-1B along
with a controller. The mode switches are set to CV and the
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Table A-3. Test Equipment Required

Type Characteristics Use Recommended Model
Digital Voltmeter | Accuracy: *0.004% Precision dc voitage measurements. HP Model 3462A or 3490A.
Oscilioscope Bandwidth: dc to 50MHz Adjust zero output accuracy . Check HP Mode! 180A with 1804 A
handshake cycle timing. CMOS logic and 1821A plug-ins.

circuit troubleshooting.

Logic Probe impedance: 2602, Trigger TTL logic circuit troubleshooting. HP 105257
Thresh: 2,0V and 0.8V {(nom)

Min. Puise Width: 10nsec.

Resistor .01, 10A, 100mV CC adjustments Weston 06042210

address switches are set to ‘%'’ on the rear of the supply.

A DVM is used to monitor the supply’s output voltage. The
DVM is connected between the +S and —S terminals on
the rear of the supply.

A-93 Troubleshooting

A-94 The troubleshooting procedures assume that the
controller is operating properly and that a malfunction
exists in the 6002A-001 power supply. Before attempting to
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-
tion will aid in troubieshooting.

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 disassembied by performing steps
a thru ¢ of paragraph A-102.

Ac power is connected to the A300 bosrd. Exercise
extreme caution when working on energized circuits.

A-86  Overall Troubleshooting. The overall troubleshoot-
ing procedures given in Figure A-9 isolate a malfunction 10
the analog or digital sections of the Option 001 circuitry, or
to the 6002A power supply. Separate troubleshooting flow
charts are provided for the digital circuits in Figures A-10
and A-11. Compiete troubleshooting procedures for the
6002A power supply are provided in Section V.

A-97 The procedures given in Figure A-9 check the Option
001 bias supply voltages first 1o ensure that these voltages
are correct before continuing with the troubleshooting. If

o :ﬂm-w- the supply voltages are correct, the procedures continue to
[ParasRAP 4-C3) check if a malfunction is present in the analog or digital

portions of the Option 001 circuitry. 1f 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.
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The check points listed on Figure A-9 correspond with those
on the schematics (Figure A-15, sheets 3 thru 5} and com-
ponent tocation diagrams (Figures A-13 and A-14) for the
A200 and A300 boards.

A-98 Digital Circuits Troubleshooting. The digital cir-
cuits troubleshooting procedures given in Figure A-10 isciate
a malfunction to components on the A200 or the A100
board. Figure A-10 checkg the digital circuits in the follow-
ing sequence.

. Turn-on/preset

Listen logic

. Unlisten decoder

Clock generator

Data input circuits

Isolators

. Data sequencer

. Data storage

PNON S WwN

A-99  The check points and functional circuit areas listed
on Figure A-10 correspond with those on the schematics
(Figure A-15, sheets 1 thru 3} and component location
diagrams (Figures A-12 and A-13) for the A100 and A200
boards.

A-100 Acceptor Handshake Troubleshooting. Figure A-11
provides a static check of the Option 001 acceptor hand-
shake circuit. However, it is possible 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 observing the handshake signals on an
oscittoscope. The handshake cycle timing relationships are
shown in Figure A-6,

A-101 Removal and Replacement

A-102 The Option 001 circuitry is located in the rear
{upper section) of the 6002A 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-15 at the end of this appen-
dix, Option 001 replaceable parts are listed in Table A4,
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.

¢. The A200 board, component side up, is mounted
on plastic standoffs directly above the A300Q 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).

~ CAUTION

If the circuits are being disassembled for trouble-
shooting purposes, ensure that the components
and tracks on the A200 board are not touching
the metal chassis. Also ensure that the AC input
terrminals 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.
e. The A100 board, address switch mode switches,
and HP-IB connector are removed as follows:
1. Remove 1 screwsecuring A100 board to
chassis.
2. Remove 1 screw and 2 nuts securing the
HP-1B connector and the switches to the supply’s rear panef.
f. Remove two screws securing Option 001
support bracket to chassis.
g. Disconnect A2P1 and remove Option 001 circuits
{A100, A200, A300 boards) and support bracket from the
6002A chassis.

NOTE

If the supply is operated with the Option 001
circuitry removed, jumpers A2W1, A2W2, A2W3,
A2W4 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. |f constant current (CC) opera-
tion is desired, the circuits must be readjusted as described
in paragraph A-108.

A-105 Test Setup.

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 side in the rear of the power
supply chassis.

b. Connect oscilloscope to the +S and —S terminals
on the rear of the supply. Set OV 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-1B controlier.
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e. Turn on controller and power supply and allow
a 30-minute warm-up.

WARNING

Before making any of the following 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
damage to the unit.

A-106 CV Z2ero Output 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 1000 (zero low range) with a 50msec
(approx.) delay between data words.

c. Adjust the ZERC ADJ. potentiometer
{(A300R19) and the ZERO BALANCE ADJ. potentiometer
( A300R4) for astraight 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 above, except, remove oscillo-
scope and connect 3D VM between the +S and —S rear
terminals.

a. Program data word 2999 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 for a reading
od 9.990V on DVM.

c. Recheck the low and high ranges and the zero
output adjustment. If necessary, repeat adjustments given
in paragraph A-106 and steps a and b above.

A-108 CC Adjustments.

a. Turn off supply and set mode switches to CC.

b. Turn VOLTAGE control on front panel fully
cl ockwise. )

¢. Use the constant current test setup (Figure 5-7)
provided in Section V, except set RL‘I and RL2 10 approx-
imately 3.8 each and use a 0.0152 resistor for current sam-
pling resistor Rg.

d. Connect power supply to an HP-1B controller
and turn both instruments on. Aliow a 30-minute warm-up.

e. Adjust CC zero output by connecting an oscillo-
scope to +S and =S terminals and repeatingsteps band ¢
of paragraph A-106.

f. Adjust CC high range full scale output by pro-
gramming data word 2999 and adjusting A300R7 for a
reading of .0999V on DVM (connected across Rg as shown
in Figure 5-7).

g. Adjust CC low range full scale output by pro-
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gramming data word 1999 and adjusting A300R9 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 circuits and test points shown on the schematic
coincide with those on the component location diagrams

and troubleshooting flow charts (Figures A-9 through A-11).
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Tabie A-4. Option 001 Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ.{ MFR. PART NO. CODE PARTNO. ] RS
A100 input Board Assembly (See Note 1) 1 1
(o3 fxd, elect. 2.2uF, 20%, 20V 1 1500225X0020A2 56289 0180-0155 1
c2 fxd, cer. 0.02uF, 20%. 100WVdc 1 C0238101H203MS27 56289 0160-0818 | 1
3 HP-18 connector, 24-pin 1 . 1251-3283
S1 Address switch 1 28480 3101-1973
S2,83 Mode pushbutton switches {2-station) 1 28480 3101-1908 | 1
U1 Digital Comparator, IC 1 93L240C 07263 1820-0904 | 1
u2 Hex Schmitt Trig. Inverter, IC 1 SN74LS14N 01295 1820-1416 | 1
21,22 Resistor Network, 3k/6.2k, 5%, .02W 2 216C 56289 1810-0136 | 1
23 Resistor Network, 4.7k, 5%, 0.15W 1 200C-1858-CRR 56289 1810-0125 | 1
A200 Digital Board Assembly (See Note 1) 1
C1 fxd, cer. 1000pF, 1kV 1 CO67B102E1022S26 56289 0150-0050 1
c2 fxd, mica. S00pF, 1%, 300V 1 DM15F501FO300W1IC] 72136 0140-0234 | 1
c3.c4 fxd, mica. 91pF, 1%, 300V 2 28480 0160-0335 | 1
Cs -fxd, cer. 470pF, 10%, 1000WVdc 1 DD-471 71590 0160-2496 1
ce fxd, elect. 22uF, 10%, 15V 1 150D226X901582 56289 0180-0228 | 1
C7-C13 fxd, cer. 0.1uF, 50V 10 | 5C5081-CML 56289 0150-0121 |} 2
Ci14 fxd, elect. 10uF, 10%, 20V 3 150D106X202B2 56289 0180-0374 1
C15 fxd, cer. 0.1uF, 50V 1 5C5081-CML 56289 0180-0121 1
C16,C17 fxd, elect. 10uF, 10%, 20V 150D106X9020B2 56289 0180-0374
ci8 fxd, elect. 1uF, 10%, 35V 1 150D105X8035A2 56289 0180-0291 1
ci19 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
Q1, Q2 Not assigned
Q3 SS NPN Si. 1 2N4141 28480 1854-00M1 1
R1 fxd, film 383 1%, 1/8W 2 C4-1/8-TO-383R-F 24546 0698-3446 | 1
R2 fxd, fitm 5.11k, 1%, 1/8W 2 C4-1/8-TO-5111-F 24546 0757-0438 | 1
R3-R?7 Not assigned
RS fxd, film 42,2k, 1%, 1/8W 1 C4-1/8-TO4222-F 24546 06983450 | 1
R9 fxd, film 383, 1%, 1/8W C4-1/8-TO-383R-F 24526 06908-3446
R10-R15 fxd, film 162 1%, 1/8W 6 C4-1/8-TO-162R-F 24546 0757-04085 1
R16 fxd, film 47,5k, 1%, 1/8W 1 | CA-1/8TO-4752-F 24546 | 0757-0457 | 1
R17-R22 fxd, film 4.12k, 1%, 1/8W 6 CA4-1/8-TO4121-F 24546 0698-3493 | 1
RZ3 fxd, film 16.2k, 1%, 1/8W 1 C4-1/8-TO-1622-F 24546 0757-0447 | 1
R24 fxd, fitm 2.37k, 1%, 1/8W 1 C4-1/8-TO-2371-F 24546 0698-3150 |.1
R25 fxd, film 10 1%, 1/8W 1 C4-1/8-TO-10RO-F 24546 0757-0346 | 1
R26-30 Not assigned
/31 fxd, film 20k, 1%, 1/8W 1 C4-1/8-TO-2002-F 24546 0757-0449 | 1
R32 txd, film 5.11k, 1%, 1/8W C4-1/8-TO-5111-F 24546 0757-0438
R33 fxd, film 1k, 1%, 1/8W 1 C4-1/8-TO-1001-F 24546 0757-0280 | 1
U1 Quad 2-Input Positive-NAND Buffer, 1 SN7438N 01295 1820-0621
Open Coll., IC
U2 Not assigned
U3 Hex Schmitt Trig. inverter, IC 1 SN74LS14N 01295 1820-1416 | 1
U4-Us Hex Inverter, IC 3 SN74LS04N 01295 1820-1199 | 3
u7-us Quad 2-Input Positive-NAND Gate, IC 3 SN741L.SOON 01295 1820-1197 | 3

Note 1: This assembly is designed for component level repair. Replacement assemblies cannot be supplied.
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Table A4. Option 001 Repizceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE PART NO. | RS
A200U10 Dual 4-Input NAND Gate, IC 1 SN74LS20N 01295 1820-1204 1
un 8-Input Positive-NAND Gate, IC 1 SN74LS30N 01295 1820-1207 | 1
(8} V] Triple 3-Input Positive-NOR Gates 1 SN74LS27N 01295 1820-1206 i
U13 Dual Monostable Multivibrator with 1 SN74LS221N 01295 1820-1437 1
Schmitt Trig. Inputs, IC
Uid Not assigned
us-u17 Dua! High Speed Optically Coupled 3 28480 5082-5495 | 3
Isolators
U8 COS/MOS Hex Inverter, IC 1 CD40698Y 02735 1820-1404 1
u1g COS/MOS Quad 2-Input AND Gate, IC 1 CD4081BY 02735 1820-1486 1
u20 COS/MOS Triple 3-Input OR Gate, IC 1 CD4075BY 02735 1820-1405 1
U21-U26 COS/MOS Quad Clocked "D’ Latch, iC 6 CD4042AY 02735 1820-1540 | 6
uz7 COS/MOS Dual +K F/F, IC 1 CD4027AE 02735 1820-0938 1
u28 COS/MOS Dual 4-Stage Static Shift 1 CD4015AE 02735 1820-0976 1
Reg., IC
u28 12-Bit D/A Converter, IC 1 28480 1820-1856 1
A3D0 Analog Boarg Assembly {See Note 1) 1
ci fxd., mica 30pF 5% 500V 1 DM15E300J0500WV ICR} 72136 0140-0203 | 1
C2,C3 fxd., cer. 220pF 5% 500V 2 2DDT60L221JAB 71590 0150-0111 1
C4,C5 fxd., elect. 180uF 50V 2 6720047 56289 0180-0634 | 1
Cs,C7 fxd., cer. 0.1uF, 50V 3 5C5081-CML 55289 0150-0121 1
C8, Cco fxd., mica 1500pF 5% 300WVdc 2 28480 0160-3068 | 1
C10,C11 fxd., elect. 10uF 10% 20V 2 150D106X902082 56289 0180-0374 1
C12 fxd., elect. 2000uF, 20V 1 28480 0180-2685 1
C13 fxd., cer. 0.1uF 50V 5C50B1-CML 56289 0150-0121
C14 fxd., elect. 22uF 10% 15V 1 150D226X901582 56289 01800228 | 1
Ci5 fxd., elect. 1uF 10% 35V 1 150D0105X9035A2 56289 0180-0291 1
CR1-CR8 Diode, power rectifier 8 28480 1901-0327 | 8
CRS Diode, Si. 200mA 75V 1 28480 1901-0050 | 1
Q1,Q2 J-FET 2 2N4392 04713 1855-0386 | 2
ok} J-FET N-Chan Si. 1 28480 1855-0091 1
Q4, Q5 SS NPN Si. 3 28480 1854-0071
06 SS PNP Si. 1 28480 1853-0009 | 1
Q7 SS NPNSi. 1 28480 1854-0071 1
R1 fxd., film 61.9k 1% 1/8W 1 C4-1/8-TO-6192-F 24546 0757-0460 | 1
R2 fxd., film 46.4k 1% 1/8W 2 C4-1/8-TO-4642-F 24546 0698-3162 | 1
R3 xd., film 51.1k 1% 1/8W 4 C4-1/8-TO-5112-F 24546 0757-0548 | 1
R4 var. cermet. 20k 10% 3 3006P-1-203 32997 2100-3307 | 1
RS fxd., film 3.57k 1% 1/8W 1 C4-1/8-TO-357R-F 24546 0698-3496
Ré fxd., film 17.4k 1% 1/8W 1 MF4C-1/8-T9-1742-F 19701 06987969 | 1
R7 var., cermet. 5k 10% 1 3006P-1-502 32997 2100-3308 | 1
RS fxd., film 70k 1% 1/8W 1 MF4C-1 19701 0698-6388 1
R9 var., cermet. 20k 10% 3006P-1-203 32997 2100-3307
R10 fxd., film 12.5k 1% 1/8W 1 C4-1/8-TD-1252-F 24546 06986276 | 1
RN fxd., film 243 1% 1/8W 1 C4-1/8-TO-243R-F 24546 0757-0408 | 1
R12 fxd., film 7.5k 1% 1/8W 1 C4-1/8-TO-7501-F 24546 07570453 1
R13 txd., film 2.15k 1% 1/8W 1 C4-1/8-TO-2151-F 24546 0757-0472 1
R14 fxd., film 68.1k 1% 1/8W 1 C4-1/8-TO-6821-F 24546 0757-0461 1
R15 Not assigned
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Table A4. Option 001 Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE PARTNO. | RS
A300R16 fxd., film 90.9k 1% 1/8W 1 C4-1/8-TO-9092-F 24546 0757-0464 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-TO-4642-F 24546 0698-3162
R19 var., cerinet. 20k 10% 3006P-1-203 32997 2100-3307
R20 fxd., film 11.3k 1% 1/8W 1 C4-1/8-TO-1132-F 24546 06984121 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 07570200 | 1
R23 fxd., film 21.5k 1% 1/8W 1 C4-1/8.TO-2152-F 24546 0757-0199 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 0757-0467 | 1
R26 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 0698-3265 | 1
R28, R29 fxd., film 121k 1% 1/8W C4-1/8-TO-1213-F 24546 0757-0467
R30 fxd., film 51.1k, 1%, 1/8W C4-1/8-TO-2152-F 24546 0757-0458
T1 Power Transformer 1 28480 5080-1862 1
U1 Operational amplifier, IC 1 LM301AH 27014 1820-0223 | 1
U2 Operational amplifier, IC 1 LM308 27014 1826-0172
u3 Dual £15V Reg,, IC 1 MC1468 04713 1826-0140 1
U4 5V Regulator, I1C 1 MC7805C 04713 1826-0144 | 1
VR1 Diode, zener 14.7V 5% 1 28480 19020184 1
VR2 Diode, zener 124V 5% 1 28480 1902-3185 | 1
Mecheanica!
IC Socket, 14-pin {Address Switch) 1 28480 1200-0485
Pushbutton knobs {Mode switches) 2 28480 0370-2486
Connector 21-pin (A2P1) 1 28480 12514054
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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Figure A-13. A200 Digital Board, Component Locations
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Figure A-15.{Sheet 1). Option 001, Input Board A100, Schematic Diagram
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Figure A-15 {Sheet 2). Option 001, P/O Digital Board A200, Schematic Diagram

A-25



P/O_A200 DICITAL BOARD

“Hiiy

e —————

<3
»

O8C 7
j

L
!

|
I
|
B
20v Pan r-—T—-g
I
|
|

o re 1
oac our

— e mmem crorre e —

V21T 8T 5D A CONVOTTES:

OT1TAL TO-ANALDG CONVERTER

P,
i gl L
i e B et e 4 .~ j ¥
¥ i
&, _w&_,ﬁ M b §o¥
I L e o

A \

]
——t2

DITA STORAGE SERMENCER

sa
a8
s
UM @~ LaTER) (30 *
.
BaeT
AS
[~
U ——

SANTT
e
”
L, X2 .
2 !
t
aemr &
- :
26 t4- 017 LaTCe M3D
Yen
-]
& &
: LATEN 2
AR s
— 02
R
' ?—‘u &
| e
E ‘... ;
! o &3
‘ LATEN @
i3
]
.
i

1
L

(=]
"e
v

LY B 3

Figure A-15 (Sheet 3). Option 001, P/O Digital Board A200, Schematic Diagram
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Figure A-15 (Sheet 4). Option 001, Analog Board A300 and Mode Switches, Schematic Diagram
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Figure A-15 (Sheet 5). Option 001, Power Distribution
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