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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from
the factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States
National Bureay of Standards, to the extent allowed by the Bureau’s calibration facility, and to the cafibration
facilities of other International Standards Organization rmembers.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material and workmanship for a period of
one year fram date of shipment. During the warranty period, Hewlett-Packard Company will, at its option, ejther
repair or replace products which prove to be defective. i

For warranty service or repair, this product must be returned to a service facility designated by HP. Suyer shall
prepay shipping charges to HP and HP shall pay shipping charges to return the product 1o Buyer. However, Buyer
shall pay all shipping charges, duties, and taxes for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will execute its programme
ing instructions when properly installed on that instrument. HP does not warrant that the operation of the instru-
ment, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer,
Buvyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmen-
tal specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED WARRAN-
TIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

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

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard pro-
ducts.

For any assistance, contact your nearest Hewlett-Packard Salus and Service Office. Addresses are provided at the
back of this manual.
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SAFETY SUMMARY

The folfowing general safely precautions must be observed during all phases of operation, service, and repair of this instru-
ment. Faflure to comply with these precautions or with specific warnings efsewhere in this manual violates safety standards
of design, manufacture, and intended use of the instrument, Hewlett-Packard Company assummes no liability for the

customer’s failure to comply with these requirements,

BEFORE APPLYING POWER.

Verify that the product is set to match the awvailable fine
voltage and the correct fuse is instailed.

GROUND THE INSTRUMENT.

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

INPUT POWER MUST BE SWITCH
CONNECTED.

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

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE.

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

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnal must pot remove instrumant covers,
Component replacement and internal adjustments must be
made by gualified service personnel, o 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 voitage sources hefore
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.

Thig instrument may be equipped with & line filter to reduce
electromagnetic intarference and must be connected to a pro-
perly grounded receptacle to minimize electric shock hazard.
Operation at line voltages or frequencies in excess of those
stated on the data plate may cause leakage currents in EXCOSS
of 5.0 mA peak.

SAFETY SYMBOLS.

Instruction manrual symbol: the product
i{\ will be marked with this symbol when it

is necessary for the user to refer tc the
_,.1;,.. o e

instruction manual {refer to Table of
Contents).
WARNING

Iindicates hazardous voltages.

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 fo, could result in
personal injury. Do not proceed beyond
a WARNING sign until the indicated
conditions are fully understood and met.

The CAUTION sign denctes a hazard, It
calls attention to an operating pro-
cedure, or the like, which, if not correct-
lv performed or adhered 1o, could resuit
in damage to or destruction of part or alé
of the product. Do not proceed beyond
a CAUTION sign until the indicated con-
ditions are fully understood and met,

{ CAUTION

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMENT.

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

Instruments which appear damaged or defective should be made inoperative and secured against urninterded operalion until

they can be repaired by qualified service personnél.
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{EEE Std 488-1978 Digital Interface for Programmable
instrumentation, corrected edition July 25, 1980, or

iater, available from:
|IEEE
345 East 47th Street
New Yaork, NY 10017

1-27 HP-iB COMPATIBILITY

1-28 The 6034A implements the following HP-IB interface

functions:
SH1 {Source Handshake}
AH1 {Acceptor Handshake}
Tt (Talker}
L1 (Listener)
SR1 {Service Reguest}
RL1 {Remote Local)
PF1 {Parallel Poli}
DCT (Davice Clear)
DT1 {Device Trigger)

Table 1-1. Specifications and Supplemental Characteristics

All performance specifications are measured at rear-panel ter-
minals with a resistive load, ambient temperature 25°C +5°C.

DC Qutput: Voltage and current can be programmed via
HP-IB or front-panei control over the following ranges:

Voltage: Dto 60 V Current: 0 to 10 A

See graph below for maximum output power. (This power is

available at load with up 10 0.5 V drop in each ioad lead.)
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QUTPUT CURRENT

Load Effect (Load Regulation): For load change equal 1o the
maximum available current rating of the supply at the set
voltage (CV), or maximum available voltage rating at the

set current (CC).

Voltage: £0.01% +3mV  Current: 8.01% +3 mA

Source Effect:
Voltage: 0.01% + 2 mV Current: 0.01% +2 mA

PARD: (Ripple and Noise} RMS/p-p, 20 Hz to 20 MHz:
Voltage: 3 mV/30 mv Currant: 5 mA RMS

Temperature Coefficient: A/ °C after 30-minute warmup:
Voltage: £0.002% +0.7 mV
Current: £0.008% +0.8 mA

Dirift (Stabiity): Change in output over an 8B-hour interval
under constant line, load, and ambient temperature after
30-minute warmup,

Voltage:; $0.03% £3mV  Current: +0.03% +3 mA

Load Transient Recovery Time: Less than 1 ms is required
for output voltage recovery {in constant voltage operation)
to within 75 mV of the nominal output following a change
in output current from 90% to 100% or 100% to 90% of
maximum current.

Programming Resolution:
Voitage: 15 mV Current: 2.5 mA

Programming Accuracy {26 £5°C):
Constant Voltage: +0.07% +28 mY
Constant Current: £0.085% +12.5 mA

Cutput Impedance (Typical): 0.1 mQ @ de, less than 10
for all frequencies below 1 MHz. See graph:

jieele)

100 //-'*-\\_W/ .
/|

CUTPUT {MPENDANCE tmil}

G 10G 000 1506G 100000 100G00C
FREQUENCY {Hz)
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Table 1-1. Specifications and Supplemental Characteristics (cont.)

Programmabie Time Dslay:

Range: 0-65,535 ms
Hesolution: 1 ms
Accuracy: 1 5% typical

Programming Response Time: Maximum time for output
voltage to.change from 0 V to 60 V or 60 V to 2 V and settle
within a 60 mV band (0.1% of maximum rated output):

Band: 80 mV{* j 15 mV(**}
Up: Full Load {18 @) 200 ms 225 ms
: _No Load 200 ms 225 ms
Down: Full Load {18 ) 300 ms 480 ms
No Load 600 ms 750 ms
*Max, ** Typical

Typical response time for excursions other than full-
scaie can be calculated as follows:

Up Programming: On graph, read time for change in cutput
voltage.

80

. [y

20 . /i

o] 20 40 580 BO 100 120
UF PROGRAMMING TIME{m5)

Avgut {YOLTS)
o
o
!
3
f
i

Bown Programming: On graph, read difference in time be-
tween initisl-otutput-voltage point and final-output-voltage
point; add settling time of 128 ms if final voltage > 2V, or 500
ms if final voltage < 2 V., to settle within 60 V band.

B0
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G0
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&
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A
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O 100 260 300 400 800 800 TOO 800
COWN FROGRAMMING TIME (m3)

Front Panel Meters:

Qutput Voltage: Low Range: £20.00V
High Range: £2000V
Range Switch Points: Up: above 13989V 20V

Down:  below 17.5 V typical
Resolution: Low Range: 10 mV

High Range: 100 my
Accuracy: Low Range: £20 mV +0.07%
High Range: =200 mV £0.09%
Temperature Coefficient; £0.01%/°C

OVP Setting: (with reference to A2 terminal, not —~ 8)
Range: 200.0 V
Resolution: 100 mV

Accuracy: 0.5% -+ 150 mV (at 0.0A load current)

Output Current:

Range; +19.99 A
Resolution: 10 mA
Accuracy: 117 mA 10.1%

Temperature Coefficient: +0.01%/°C +£0.7 mA/“C

Readback:
Qutput Voltage:
Range: 0-60 V
Resolution; 15 mV
Accuracy: +0.08% £35mVY
Temperature Coefficient: +£0.07%/°C+0.35 mv/°C

Qutput Current:
Range: 0-10 A
Resolution: 2.5 mA
Accuracy: +0.125% +8.5 mA

Temperature Coefficient: £0.007%/°C £0.35 mV/*C
Settling Time: < 200 ms

Overvoltage Protection: The lowsr of the two OVP tip
points will dominate,
Local OVP Adjustment:
Range: 1.7 Vio 8456V
Resolution: 0.2 V
Remote OVP Adjustment:
Range: 2.0V 10 64.5 V (the QVP trip point = 2V +
1.04 X soft voltage limit}
Resolution: .26 'V
Accuracy: +0.7 V. The OVP circuit will trip when the
voltage between the + output and the outboard side of the
current monitoring resistor eguals the set voltage. This

could be as much as 1.35 V above the voltage between the
+ S tarminals.

Temperature Coefficient: 260 PPM/ °C

Amplified Current Monitor: Scale Factor 0-5 V monitor
output for -10 A output current,
Accuracy: 0.1% +7 mV typical

Dutput Impedance: 10 k2 nominal

RFi Specifications; Meets VDE 0871/6.78 Level A
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Section |
GENERAL INFORMATION

$-1 INTRODUCTION

1-2 This Operating Manual contains a description of the
Model 8034A System Power Supply, including specifications,
and installation and operating instructions. The 6034A User's
Guide, HP Part Number 06034-80003, contains basic operating
instructions for the 8034A along with programming exarmples
for specific Hewlett-Packard computers and desktop
calculators.

1-3 SPECIFICATIONS

1-4 Instrument specifications are listed in Table -1, These
specifications are the performance standards or limits against
which the instrument is tested. Supplemental information is
also listed in Table 1-1, including typical, but non-warranted,
characteristics,

1-5 SAFETY CONSIDERATIONS

1-6 This product is a Safety Class 1 instrument (provided
with a protective earth terminal). The instrument and this
manual should be reviewed for safety markings and instruc-
tions before operation. Refer to the Safety Summary page at
the beginning of this manual for a surmmary of general safety
information. Safety information for specific procedures is
tocated at appropriate places in this manual.

1-7 INSTRUMERNT AND MANUAL
IDENTIFICATION
1-8 Hewlett-Packard power supplies are identified by a

iwe-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 (21 1981, 22=1882,
etcl, the sscond two digits indicate the week, and “A"
designates the U.S.A. The second part of the serial number is
a different sequential number assigned to each power supply,
starting with 60101.

-9 if the serial nuimber on your instrument does not agree
with those on the title page of this manual, a yellow Manual
Changes shest supplied with the manual defines the dif-
ference betwseen your instrument and the instrument de-
scribed by this manual. The change shest may also contain in-
formation for correcting errors in the manual.

1-10 DESCRIPTION

1-11 The Model 8034A System Power Supoply is an HP-IB
programmable unit that provides laboratory-grade perfor-
mance with the high efficiency of switching regudation techni-
ques. Autoranging allows the supply to provide at least 200

1-1

watts output power over a wide range of output voltage and
current combinations without the user having fo select the
proper output range. Output voltage and current are con-
tinuously indicated on individual meters. LED indicators show
the complete operating state of the unit. Front-panel controls
allow the user to set output voltage, current, and overvoltage
protection trip level. Overvoltage protection (OVP) protects
the user’'s load by quickly and automatically interrupting
energy transfer if a preset trip voltage is exceeded.

1-12 The 8034A can be both a listensr and a talker on the
HP-iB. Output voltage and current can be sent directly to the
6034A in volts and amps. Service can be requested asyn-
chronously for each of six reasons, and the unit responds to a
serial poll by identifying the nature of any faults. Upon com-
mand the 6034A will measure #s output voltage or current and
put the value on the HP-B,

1-13 The following parameters and features can be con-
trolled via the HP-IB:

2 Qutput voltage

@ QOuiput current

® QDutput power circuits off and on (Device Clear
also turns output circuits off)

® Soft voltags imit (lincludes OVP trip level}

® Soft current limit

® Limit mode - TV or CC

@ Time delay after output trigger or reset before
requesting service for limit mode or overrange

® Service request masks

@ Trigger to implement latest mode, output

voltage and current, and OVP trip level
{Device Trigger also triggers unit)

@ Trigger for output voltage or current
measurement

1-14 Qutput connections are made 1o rear-panel screvy-on
terminals. Either the positive or negative output terminal may
be grounded, or the output may be floated up to +240 Vdc
{including output wvoltage} from chassis ground. Qutput
voltage can be locally or remotely sensed, and the 6034A can
be operated in multiple-supply combinations for increasad
output voltage or current capability,

1-18 The 8034A is considerably smaller, jighter, and more
afficient than older-design supplies with similar output-power
capability, The unit is fan cooled and is packaged in a Hewlett-
Packard System 1l - compatible modular enclosure, which is
sturdy, attractive, and provides easy access for servicing.

1-16 OPTIONS

1-17 Options are standard factory mocdifications or ac-
cessories that are deliverad with the instrument. The following
options are available with the 602344, Note lower output power



and voltage specifications for Option 100. Option 100 is
described in Appendix A.

OPTION NO. DESCRIPTION
160 input power: 87 to 106 Vag,
48-63 Hz, single phase.
Output: 1650 W, 50 V, 10 A,
220 Input power: 191 10 233 Vac,
48-63 Hz, single phase.
240 Input power: 208 to 250 Vac,
48.83 Hz, single phass.
507 Front handle kit.
808 Rack flange kit.
909 Options 907 and 908 combined.
910 One additional operating and service
manual for each Option 910
ordered,
1-18 ACCESSORIES
1-19 The System 1l Cabinet accessories listed below may

be ordered with the power supply or separately from your local
Hewlett-Packard Sales and Service Office (see list of ad-
dresses at the rear of this manual).

HP PART NO. DESCRIPTION

5061-0089 Front handle kit for 5-1/4 inch high
cabinets {will be shipped with instru-
ment if ordered as Option 8G7).
1460-1345 Tilt stand {1} snaps into standard foot
supplied with instrument, must be
used in pairs.

5061-0077 Rack flange kit for 5-1/4 inch high
cabinets {will be shipped with instru-
ment if ordered as Option B508).
5061-0083 Rack flange/front handle kit for 5-1/4
inch high cabinets (will be shipped
with instrument if ordered as Option
903},

1484-0018 Slide kit for installing 17-inch deep
cabinet in HP rack enclosure.
1424-0025 Tilt slide kit, same as 1494-0018 plus
permits tilting instrument up or down
90°,

1494-0023 Slide adapter kit, permits use of
1494-0018 kit in non-HP rack
enclosure of adequate depth.
5060-0138 HP-IB non-metric to metric connec-
tor conversion kit.

1-2

t-20 HP-IB INTERCONNECTION CABLES
AND CONNECTORS
1-21 Cables for interconnecting HP-IB devices are

available in four different lengths. The connector block at both
ends of each HP-IB cable has a plug on one side and a
matching receptacle on the other, so that several cables may
be connected in parallel, thus simplifying system interconnec-
tion. Lock screws provide secure mounting of each connector
block to an HP-IB instrument, or to another cable connector
block. All connectors supplied since 1975 use metric hardware
(colored black)., Accessories table lists kit for converting one
non-metric {colored silver) cable and one or two instrumants
to metric hardware, The 10831 series of cables are lighter and
more flexible than the 10833 series. The 10833 series of cables
feature improved shielding to help improve overall RF] levels in
many systems. The 10631 and 10833 series cables are com-
pletely compatible with ong another, but the 10631 series
cables will interrupt the continuity of the 10833 series
shielding.

1.22 The 10B34A extender was designed to help in cases
where rear panel space results in difficult cabling situations.
The extender provides clearance by extending the first
connector block 2.3 cm away from the rear panel of the
instrument.

MODEL

1068314 HP-iB Cable, 1 m (3.3 ft}
106318 HP-IB Cable, 2 m (6.6 ft}
H631C HP-IB Cable, 4 m {13.2 1)
631D HP-1B Cable, 0.5 m (1.6 f1)
10B33A HP-IB Cable, 1 m (3.2 ft)
108338 HP-IB Cabie, 2 m{6.6 ft}
10833C HP-IB Cable, 4 m {13.2 f1)
108330 HP-IB Cable, 0.6 m {1.6 ft)
10834A HP-IB Connector Extender

1-23 ORDERING ADDITIONAL MANUALS
1.24 One manual is shipped with each power supply.
Additional manuals may be purchased directly from your jocal
Hewiett-Packard Sales office. Specify the model number, in-
strument serlal number prefix, and the manual part number pro-
vided on the title page. {When ordered at the same tirne as the
power supply, additional manuals may be purchased by adding
Option 910 to the order and specifying the nurnber of additional
manuals desired. )

1-25 RELATED DOCUMENTS

1-26 The following documents may be useful for design-
ing HP-1B systems. The HP documents can be ordered from
your local HP Sales Office.
6U34A User's Guide, HP Part Number 06034-90003.
Condensed Description of the Hewlett-Packard Inter-
face Bus, HP Part Number 58401-20030, March, 1975,
18 pages.

Tutorial Description of the Hewlett-Packard Interface
Bus, HP Part Number 59300-90007, November, 1980, 82
pages.



Table 1-1. Specifications and Supplemental Characteristics {cont.)

pC Output isolation: Either output terminal may be
floated up to 240 Vdc {including output voltage) from

earth ground.

Temperature Rating:
Operating: 0 to +55°C Storage: —40 to +75°C
Unit is fan cooled. A thermostat turns off ocutput power if
temperature rises above a critcal level; resets automatically.

Reverse Voltage Protection: Maximum permissible
reverse current caused by reverse voltage impressed across
output terminals.

10 A continuous

Remote Sensing: Maintains nominal voltage at load by
correcting for load-lead voltage drop of up to 0.5 V per
tead.

AT Input: Two internal switches and one internal jumper
permit operation from 120, 220, or 240 Vac { ~ 13%, +6%);
48-63 Hz. {Option 100 is factory set oniy.)

325 W@ 200 W output

800 VA @ 200 W output

Peak Inrush Current: Typical Values
@25°C ambient: 25 A
30 seconds after turn-off: 30 A
@55°C ambient: 50 A
30 seconds after turn-off; 60 A

Dimensions: See Figurs 2-1.

Weight:

Net: 8.9 kg (20 Ib.) Shipping: 10.4 kg (23 b}
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Section i
INSTALLATION

21 INTRODUCTION

22 This section contains instructions for checking and
repacking the unit, bench or rack mounting, connecting the
unit to ac input power, and converting the unit from one fing
voltage to another i reguired. Instructions for connecting load
and HP-IB cables, and for setting the HP-1B address are given
in Section IH.

2-3 INITIAL INSPECTION

2-4 Before shipment, this instrument was inspected and
found to be free of mechanical and elecirical defects. As soon
as the instrument is unpacked, inspect for any damage that
may have occurred in transit. Save all packing materials until
the inspection is completed. if damage is found, file claim with

cartier immediately. The Hewlett-Packard Salss and Service

office should be notified as soon as possible,

2-5 Mechanical Check

2-6 This check should confirm that there are no broken
knobs or connectors, that the cabinet and panel surfaces are
free of dents and scratches, and that the meter face and rear-
panel terminal block cover are not scratched or cracked.

2-7 Electrical Check

28 Section V contains complets verification procedures
for this instrument. Section lil contains an abbreviated check
which can be used quickly t0 place the unit into operation.
Fefer to the inside front cover of the manual for Certification
and Warranty statements.

2-3 PREPARATION FOR USE

2-10 In order to be put into service, the B0344A must be
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Figure 2-1. Qutline Diagram,



connected 10 an appropriate ac input power source. Also, the
line voltage for which the unit is set and the rear-panel fuse
must be checked. Additional steps may include line voltage
conversion and rack mounting. Do not apply power to the in-
strument befors reading paragraph 2-19.

2-11 Location and Cooling

212 The instrument is fan cooled and must be installed
with sufficient space behind the instrument for air flow. it
should be used in an area where the ambient termperature does
not exceed +8B5°C.

213 Qutline Diagram

2-14 Figure 2-1 illustrates the outline shape and dimen-
sions of the cabinet.

2-15 Bench Operation

2-16 The instrument cabinet has plastic feet, which are
shaped to ensure self aligning when stacked with other
Hewlett-Packard Systam H cabinets,

2-17 Rack Mounting

2-18 The unit can be mounted in a standard 19-inch rack
panel or enclosure. Rack mounting accessories for this unit
are listad in the ACCESSORIES paragraph in Section 1. Com-
plete installation instructions are included with each rack
mounting kit.

2-15 input Power Requirements

2-20 This supply may be operated from a nominal 100V,
120V, 220V or 240V single-phase ac power source (48-63Hz).
The input voltage range and input current required for each of
the nominal inputs are listed below. The maximum input
power (gt high line, full load) required for any input is 325
watts. A label on the rear panel indicates the nominal line
voliage for which the instrument was set at the factory. I
necassary, the user can convert the instrument from one line
voltage option to another by following the instructions in
paragraph 2-25.

Mominai Line Voltage Maximum

Voltage Range Input Current

100V 87-106 56 A rms

120V 104-127 58 A rms

220V 191-233 3.0 A rms

240V 208-250 2.8 A rms
2-2% Powaer Cable

2-22 Model 6034A is shipped from the factory with a
power-cord plug appropriate for the user’s location. Figure 2-2
Hlustrates the standard configuration of power-cord plugs
used by Hewlatt-Packard. Below each drawing is the HP Part
Number for a replacement power cord equipped with a plug of

-2

that configuration, If a different power cord is required, con-
tact the nearest Hewlett-Packard Sales and Service office.

L | U
I i - up
BI20 - 1348 8120 - 1358 1251 - 3498
STANDARD PLUG ONLY
g o
& [
% ¢ @
8120 - 1363 8120 - 1689 81202104

Figure 2-2. Powsr-Cord Plug Configurations

2-23 To protect operating personnel, the Mational Elec-
trical Manufacturers Association (NEMA) recommends that
the instrument panel and cabinet be grounded. This instru-
ment is eguipped with a three-conductor power cable; the
third conductor is the ground conductor. When the cable is
plugged into an appropriate receptacke the nstrument is
grounded. In no event shail this instrument be operated
without an adecuate cabinet ground connection.

2-24 The offset pin on the standard power cable three-
prong connector is the ground connection. lf a two-contact
recepiacle is encountered, it must be replaced with a properly
grounded three-contact receptacls in accordance with the Na-
tional Electrical Code, local codes and ordinances. The work
should be done by a gualified electrician.

NOTE

Generally, it is good practice to keep the ac input
fines separated from signal lines.

LINE VOLTAGE OPTION
CONVERSION

E CAUTION i

Canversion to or from 100V opsration requires
replacernent of jumpers and components In addi-
tion to the line voltage components, and is to be
done only at the factory. Failure to place these
jumpers properfy wilf result in an output that does
not correspond o programmed values.

2-25

2-25 Line voltage conversion is accomplished by adjusting
three components; the two-section line select switch S2, line-
voltage jumper W1, and rear-panel line Tuse 1. To convert the



supply from one line voltage option to another, procsed as
follows:

| WARNING
Some components and circuits are at ac line
voltage even with the line switch off. To avoid
electric shock hazard, disconnect fine cord and load
before removing cover.

a. Remove top and bottom covers from instrument by
removing three screws {one on each side and one in center)
that secure each cover to rear panel; slide cover to rear and lift
off.

b. The line voltage select switch is located just to the right
of center of the instrument {as viewed from front}, about five
inches behind front panel {see Figure 2-3). Use a small-blade
screwdriver to set the two switch sections to match the pat-
tern silkscreened on p.c. main board as shown in Figure 2-3.

fliustrated}, move forward switch section so that its white slot
is toward front of instrument and move rearward switch sec-
tion so its white slot is toward rear of instrument.

¢, The line voltage jumper W1 is located ahout 2-1/2 inches
in front of rear-panel terminal block (see Figure 2-3). (A
dashed line is sitkscreened on A3 board from vincinity of 52 ¢
W1). Jumper must be soldered in place for 120V operation,
and must be removed for 220V or 240V operation.

d. Check rating of fuse F1 installed in rear-pane! fuseholder
and replace with correct value if necessary. Do not use slow-
biow fuses, For 120V operation, use 8A fuse, MP Part Number
2110-0056. For 220V or 240V operation, use 4A fuse, HP Part
Number 2110-0065. Fuse A1F2Z {near 52) should be 1.25 A, HP
Part Number 2110-0094, for all input voltages. Fuse A4F1 {near
rear left corner of instrument} should be 750 mA, HP Part
Number 2106-0063 for all input voltages.

e. Replace covers and mark the supply clearly with a tag or

For example, to sat switches for 120V operation {as jabel indicating correct line voltage and fuse to be used.

g

g WARNING
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Figure 2-3. Line Voltage Selection Components
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2-27 REPACKAGING FOR
SHIPMENT

2-28 To insure safe shipment of the instrument, it is
recommendad that the package designed for the instrument
be used. The original packaging material is reusable, If it is not

24

available, contact your local Hewlett-Packard Sales and Ser-
vice office to obtain the materials. This office will also furnish
the address of the nearest service office to which the instru-
ment can be shipped. Be sure 1o attach a tag to the instrument
specifying the owner, model number, full serial number, and
service required, or a brief description of the trouble.



Section I
OPERATING INSTRUCTIONS

3-1 INTRODUCTION

3-2 This section describes the operating controls and in-
dicators, turn-on checkout procedures, and operating pro-
cedures and considerations for the Model 6034A. Local {front-
panel) and remote {via HP-IB) operation are described
separately, hut the user should become familiar with both
methods of operation, Information in this section through
paragraph 3-84 and in paragraphs 3-70 through 3-73 applies to
both local and rermote aperation. Programming examples for
specific Hewlett-Packard computers and deskiop calculators
are given in 6034A Powsr Supply User's Guide, HP Part
Number 06034-90003. More theoretical descriptions ragarding
the operational features of power supplies in general are given
in the DC Power Supply Handbook, Application Note 308
(available at no charge from your local Hewlett-Packard Sales
Office).

Before the instrument is turned on, alf protective
earth terminals, extensfon cords, and devices
connected to the power supply should be con-
nectad to a protective earth ground. Any interrip-
tion of the protective earth grounding will cause a
potential shock harzard that could resuft in per-
sonal infury. Only fuses of the specified type with
the required current rating should be used. Do not
use short circuited fuseholders. To do so could
cause 3 shock hazard.

3-3 CONTROLS AND INDICATORS

34 The front-panel controis and indicators are shown in
Figure 3-1 and described in Table 3-1, Table 3-1 also lists the
paragraphs in which use of the contrels and indicators is
described.

3-5 OQUTPUT RANGE FOR
AN AUTORANGING POWER
SUPPLY
3-8 The Model 8034A can operate as a constant voltage

{CV) or constant current (CC} source over a wide range of out-
put voltage and current combinations, Whether the 8034A
operates as a CV or a CC source depends on the output
voltage and current settings and the value of load resistance.

37 Figure 3-2 shows the overall output range of the sup-
ply, with three sample operating loci. Locus 1 is established
with a voltage setting of 20 V and a current setting of 3 A, For
any values of load resistance greater than the crossover value
of 8.7 ohms, the supply operates in constant voltage mode.
For values of load resistance less than the crossover value, the
supply opsrates in constant current mode. The transistion
ocours automatically; no switches nesd be oparated or con-
nections changed. The front-panel MODE indicators show
which mode is active. In local control, the 6034A powers on as
a voltage source, and either the CV (INORMAL} or CC (LIMIT)
indicator will be on. {The 8034A can be remotely programmed
to operate as a current source and then returned to local con-
trol. As a current source, sither the CC (NORMAL)} or CV
{LIMIT) indicator will be on.} In remote control, the 60344 can
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Figure 3-1. Front-Panel Controls and Indicators



Table 3-1. Controls and Indicators

Number. Controls/Indicators Dascription Paragraph #
1 HP-IB Status Indicators RMT indicates that power supply 373, 379
is under remote control.
In tast mode, HP-IB
status indicators flash 1SN indicates that power supply 3-85
on and off to indicate iz addressad 1o listen.
which test, if any,
the unit has failed TLK indicates that power supply 3-85
Isee Paragraph 3-14}. is addressed to talk.
SRAQ indicates that powsr supply 387, 390
is requesiing service from controller.
2 Power Supply Status Indicators OVP indicates that oveivoltage 326, 381
protection circuit has tripped and
In test mode, powsr supply is latched,
statuy indicators flash on
and off to indicate the QTP indicates that overtemperature .81
particular fault within a protection cireuit has been activatad.
failed test {see Paragraph 3-14}).
UNREGULATED indicates that nefther 3-11, 381
the CV or CC loops are regulating the
power supply output (either from
an overrange condition or low ac
input voltage).
DISABLED indicates that outpu: 2.124
power circuits have been turned off via
HP-18.
INVALID REQUEST indicates either a 3-81
syntax eror of a soft limit
|FFOT i an instruction was receivad
via HP-1B.
3 MODE Indicators CV (NORMAL} indicates that 37, 315
power supply has been programmed
Unit initializes as a as a valtage source and s
voltage source, mode (CV regulating its output at a
or 120} depends on voliage constant voh‘age.
and current settings and
ioad resistance. CCULIMITY indicatas that power 37, 3-15
supply has been programmed as a
voltage source but is regulating
i1s output at a constant current,
CC INOBMAL) indicates that 3-7
pewer supply has been programmed
as & current source and is
reguiating its output at a
constant current,
CY AUIMIT) indicates that 3-7

#s a current sourcae but is
reguiating its output at a
constant voltage.

power supply has been programmed

3-2




Table 3-1. Controls and Indicators (cont.}

NMumber

Controls/Indicators

Description

Paragraph #

OUTPUT ADJUST Controls
QUTPUT ADJUST knob
is a two-spead rotary pulse
genarator (RPG); faster rotation
causes graater rate of
change per rotation,

QUTPUT ADJUST knob functions as
either a voltage control or a

current control, as determined

by the pushbutton switch and
indicated by whichever indicator,
VOLTAGE or CURRENT, is on.
QUTPUT ADJUST controls

function only when the power supply
is under local control. Pushbutton switch is
also usad to enter and exit test mode;
see Section V.

3-15, 3-73 through 3-77

QVP Controis

The recessed ADJUST control sets
overvaliage protection trip voltage.
BISPLAY pushbution switch causes
voltmeter to display the operating
QVP trip voltage {lower of

QOVP trip voltage set locally by
ADJUST or OVP trip voltage
determinad by remotely sent

saft voltage limit), When DISPLAY
is pushed in, OVF SET light to

the right of voitmeter indicates that
voltmeter is displaying OVP trip voltage.

3-18, 3-28

LCL Pushbutton Switch

LEL returns power supply to
iocal control {uniess jocal lockout
command has bsen received via
HP-1B).

3-78, 3-97

SELF TEGRT indicator

Indicates that unit is in self test
talways performed at turn-on) or in
user-selected test mode.

3-14

Meters

Indicate output VOLTS and AMPS, 3%
digit voltmeter has two ranges, 20.00 V
and 200.0 V, with automatically positioned
decirnal point, OVP SET light to right

of voltmeter indicates that voltmetsr

fs displaying OVP trip voltage {200.0 v
range). 3% digit ammeter has one range,
20,00 AL

311, 315

LINE Switch

Turns ac input power on and off,

3-15




be prograrmmed to operate sither as a voltage source {sither
the CV {(NORMAL) or CC (LIMIT) indicator will be on), or as a
current source {either the CC (NORMAL} or CV (LIMIT} in-
dicator will be on). Note that the 8034A switches between CV
and CC modse in the same way regardless of whether the unit
is programmed to operate as a voltage source or as a current
source. The only difference is whether the 6034A requests ser-
vice when the unit switches to CC or when it switches 1o CV.
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Figure 3-2. Overall Output Range with Three Sample
Operating Loci

3-8 locus 2 is established with a voltage setting of 35 v
and a current setting of 6.5 A. s crossover load resistance is
5.4 ohms, and lies on the rated-output-power boundary.

3-8 A rectangular operating locus will be establishad for all
voltage and curren! setlings within the rated-output-power
boundary. The power supply operates at one peint on that
locus, depending on the load resistance. However, if the
voltage and current settings are such that the boundary can be
exceeded, as in focus 3, the supply will go into overrange if the
load resistance falls within a critical band (refer to next
. paragraph).

310 Owverrangs. The supply will be driven inte overrangs
(shaded area of Figure 3-2) if the voltage and current settings
arg set above the output power rating and the load resistance
falls within a critical band. For exampls, assume a voltage set-
fing of B0 V and a current setting of 8.5 A, as in locus 3 on

3-4

Figure 3-2. For all load resistances above 11.8 ohms (which is
the critical value} the supply would operate normally in con-
stant voltage mode, If the ioad resistance were to fall much
below 11.8 ohms, however, the supply would be forced into
overrange. If the load resistance continued to decrease to 2.9
ohms, the supply would automatically come out of overrange
and into constant current mode at the 8.5 A, 26 V point. {The
supply will probably go out of regulation while operating in the
overrange region, refer to Paragraph 3-12).

311 Anytime the supply operates in overrange, the MODE
indicators turn off and the UNREGULATED indicator fights.
The VOLTS and AMPS meters indicate the voltage and cur-
rert being supplied to the output. (The product of the two
readings will exceed 200 waits.)

3-12 The supply can operate in the overrange region
{beyond the ratad-output-power boundary} for sustained
periods without being damaged. However, the supply is not
guaranterd 10 meet specifications in overrange. Output ripple
increases substantially and reguiation is seriously degraded.

NOTE

Under certain conditions of fine and load, it is
possible for the supply 1o provide more than rated
cutput power and stifl maintain regulation. If this
occurs, the unit will operate normally and the
UNREGULATED indicator will be off. However,
the slightest change in efther line or foad may
cause the unit to go out of regulation. QOperation
of the unit beyond the rated-output-power
boundary fis not recommended under
any circumstances.

3-13 TURN-ON CHECKOUT PROCEDURE
3-14 The €0344 performs a self test of its RAM, real-time
ciock, and ROM circuits sach time power is turned on, The
tests take less than one second to complete, and all indicators
ara on while the tests are in progress. If tha unit fails self test
the SELF TEST indicator will remain on and some or all of the
other indicators will remain on. Depending on the location of
the failure, the indicators may flash on and off, Flashing in-
dicators always indicate a failure, but, because flashing is con-
trolled by the microprocessor, a faillure may cause the in-
dicators to remain on without flashing. More extensive inter-
nal tests can be accessed in test mode if the unit fails salf test
or if there are other indications that the unit may not be
operating properly; refer to Section V.

é CAUTION

Do nat enter test mode with foad connected.
60344 will indicate test failure and load may be
damaged by 60-voft T-ampere output. Refer to
Section V for use of iest mode.




NOTE

Because the unit is testing fiseff, ft is not possible
to guarantes that the unit will provide an un-
ambiguous indication of all possible failures, For
axample, a failure in the hardware used for self
test or in the core of the microprocessor may pre-
vent the unit from indicating that it has not
passed self test, Refer to the troubleshooting pro-
cedures in Section V i there Is any reason to
suspect that the unit rmay be malfunctioning.

318 The following procedure ensures that the unit is
opevational, and may be used as an incoming inspection
chack. Ensure that the rear-panel terminal block is strapped as
shown in Figure 3-3 and that the screws are tightened secure-
ly. Chack that the rear-panel label indicates unit is set for line
voltage 1o be usad., Thers should ba no cables sonnected to
the rear-panal HP-1B connector. Check that recessed OVP
ADJUST control is Tully clockwise.

A AD 45+ -5

Pleleilge)

Flgure 3-3. Factory-Set Terminal Block Strapping

Press pushbution LINE switch on {pushbutton in}). Fan
should operate, and after initial blinking of &l indicators
during self test, 3RO, CV (NORMAL}Y, and VOLTAGE
indicators shouid remain on,

. Press momentary-contact OVP DISPLAY pushbutton
switch and observe that QVP SET indicator lights next
to voltmeter and that volimster indicates 84.5 101 Y
{at rnpom temperature).

c. Turn QUTPUT ADJUSY knob clockwise and ensure
that output voltage increases from zero to full output
voliage as indicated on volimeter. OV (NORMAL) in-
dicator should be on across entire range, indicating that
unit is in constant voltage mode.

. Check overvoltage circuit by turming OVP ADJUET con-
trobf counterclockwise untit OVP circuit trips. Output
voltage should drop to O to - 3.5V, CV (NORMAL) in-
dicator should tarm off, and OVP indicator should tum
on {SRO and VOLTAGE indicators remain on).

. Reset OVP circuit by turning OVP AJDUST control fulty
clockwise and tuming unit off for at least two seconds
and then back on. Output voltage shouid come on at
zero volts.

f. To check constant current circuit, twrn unit off and con-
nect a short (AWG #18 or larger} across + and - ter-
minals on rear panek,

, Turn unit on and wm QUTRPUT ADJUST knob
clockwise untit CV [(NORMAL) indicator turns off and
CC {LIMITY indicator turns on.,

i
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n. Press momentary-contact QUTPUT ADJUST push-
button switch once. VOLTAGE indicator should turn off
and CURRENT indicator should turn on,

i, Turn QUTPUT ADJUST knob clockwise and ensure
that output current increases from 1A to full output
current as indicated on ammeter. CC (LIMIT} indicator
should be on across entirs range, indicating that unit is
in constant current mode. {In local control, unit powers
on as a voltage source and the CV circuit normally
regulates the output. Therefore, when unit switches to
constant current mode, the CC circuit is said to be
limiting the output. The 6034A can be programmed to
he a current source only by remata control; it can then
be returned to local control. Note that the operation of
the unit is the same in either cass; the only thing that
changes is which mode is defined as normal and which
iz defined as limiting.}

. Turn off supply, removs short from output, and read
following instructions before connecting load to supply.

INITIAL SETUP AND
INTERCONNECTIONS

3-16

| WARNING

Disconnact input ac powsr before changing any
rear-panel connections and maks certain alf wires
and straps are properly connected and termynal
block screws are sacurely tightened before reap-
plving power. Be certain to replacs terminal block
cover before reapplying power.

317 Connecting the Load
3-18 Load connections to the power supply are made at
the + and - terminals on the rear-panel terminal block. To

satisfy safety requirements, the wires to the load should be at
feast heavy enough not 1o overheat while carrying the power
supply output current that would flow if the load were
shorted. Swanded AWG #16 wire is rated for 12.7 A at 105°C
sonductor temperature, Stranded AWG #14 wire is rated for
4.B A at 8FC. (Ths maximum allowable conductor
tamperature is based on 60°C ambient temperature plus 2000
or 46°C temperatiye rise dueg to continuous do current.} These
ratings are based on use of a twisted pakr 10 conneet the load
1o the supply. Generally, heavier wira is reguired to obiain
good regulation at the load. I load regulation is critical, use
remote voltage sensing (Paragraph 3-30},

3-19 Ths terminal block is protectad by an impact resistant
plastic cover, which is secured 1o the unit with two #6-32
screws. Be certain to replace the cover after making
connections.

320 It muitiple loads are connacted 10 one supply, each
ivad should be connaected o the supply’s output terminaks us-
ing separate pairs of connecting wires. This minimizes mutual
coupling effects and takes Tull advantage of the supply’s Jow
output impedance. Each pair of connecting wires should be as
short as possible and twisted or shielded to reduce noise
pickup.



3-21 If load considerations require the use of output
distribution terminals that are located remotely from the sup-
ply, then the power supply output terminals should be con-
nected to the remote distribution terminals by a pair of twisted
or shieglded wires and each load should be separately con-
nected to the remote distribution terminals. Remote voltage
sansing is reqguired under these circumstances (Paragraph
3-30). Sense either at the remote distribution terminals, or {if
one joad is more sensiive then the others) directly at the most
critical load.

322 Either positive of negative voltages can bs obtained
from the supply by grounding one of the output terminals. I is
best to aveoid grounding the output at any point other than tha
power supply output terminals to avoid regulation problams
caused by common-mode current flowing through the load
leads to ground. Always use two wires to connect the load 1o
the supply regardiess of where or how the system is ground-
ed. Never ground the system at more than one point, This
supply can be operated with eithar output terminal up to + 240
volts do {including ouiput voltage} from ground,

323 The PARD specifications in Table 1-1 apply at the
power supply output terminals. However, nosie spikes in-
duced in the load leads at or near the load may affect the lnad
although the spikes are inductively isolated from the power
supply. To minimize voitage spikes at the load, connect a
bypass capacitor as shown in Figure 3-4. With this setup,
peak-to-peak noise at the load can actually be reducsd to a
level wall below the value spscified at the 80344 output
terminals,

POWER  SUPPLY
e BC
o e o b EwAcc
2lolQloiglold  [f—ow
]

NOTE! IF EITHER 3I0E OF
LOAD 1S TO BE GROUNDED,
GROUND COMNECTION
SHOULD 8F MADE AT
POWER 3UPPLY, NOT AT
LOAD

LOAD

TWISTED PAIR OR ~
PARALLEL AND CLOSE
TOGETHER

BYPASS CAPACITOR:
Zlpt, PaVes, A% CLOSE
A5 POSSIBLE TO LDAD

Figure 3-4. Connecting a Bypass Capacitor

3-24 Overvoltage Protection (OVP)

3-25 The overvoltage trip point can be adjusted at the
front panel or remotely via HP-1B. OVP will trip a1 the lower of
the two values, regardless of whether the 6034A is in local or
remote control. The approximate trip voltage range is from
two volts 1o 64.5 volts. When the OVP circuit trips, the supply
ts inhibited and delivers no output power, and the OVP in-
dicator turns on. See note following Paragraph 3-32 for OVP
adjustment with remote sensing.

3-6

326 Local Adjustment. OVP is set locally by the re-
cassed single-turmn OVP ADJUST potentiometer on the front
panel. Rotating the control clockwise sets the trip voltage
higher. {It is set to maximum at the factory.} When adjusting
the OVP trip point, the possibility of false tripping must be
considersd, I the tip voltage is set 100 close 10 the supply's
operating voltage, a transient in the output would falsely trip
thee OVP. For this reason it is recommended that the OVP trip
voltage be set higher than the output voltage by at lsast 1.5
volts + 1% of the output voltage. To adjust the OVP trip
voltage at the front panel, procaed as follows:

a. Turn on supply and hotd OVP DISPLAY pushbutton in.
OVP SET indicator to right of voltmeter turns on to in-
dicate that volimater is displaying the OVP trip voltage.

b. Insert a small-blade screwdriver through hole in front
panel and adjust OVP trip voltage to desired level,

3-27 Local OVP Reset. To reset the OVFP locally, the ac
LINE switch must be turmed off for a least one second and
then back on. The cause of the overvoltage must be removed
before the OVF circuit is raset, or the circuit will trip again
immediately, Turning ac power off and back on will reset OVP
regardless of whether the tip voltage was set locally or
rermotely. I the OVP circuit trips continuously check the load
and/or the trip voliage.

3-28 Bemote Adiustment. OVP is set remotely as a
function of the soft voltage Hmit sent to the B6034A {see
Paragraph 3-117). The OVP trip voltage is two volts plus 1.04
times the soft voltage limit. For exampla, if a soft voltage limit
of 30 V is set, the QVP trip voltage will ba 332 V
(11.04:x301 + 2). Because the 6034A initializes at powser on with
a soft voktage limit of 80 V, the remote QVP initializes at 84.5
V. Remember that the lowsr OVP trip voltage, either locally or
remotely set, is the tevel displaved by OVP DISPLAY and the
level at which the unit trips, regardless of whether the unitisin
local or rernote condrol,

3-28 RFemoie OVP Reset. QVP is reset remotely by send-
ing "R" {Reset) to the 8034A (see Paragraph 3-124). The cause
of the overvoltage must be removed before the OVP circuit is
reset, of the gircuit will Trip again immediately. Sending "R’ 1o
the 8034A will reset OVP regardless of whether tha trip voltage
was set locally or remotely. If the OVP circuit trips conting-
custy check the load and or the trip voltage.

3-30 Remoie Yoltage Sensing

331 Because of the unavoidable voltage drop deveioped
in the load lgads, the strapping pattern shown In Figure 3-3 will
not provide the best possible voltage regulation at the load.
The remote sensing connections shown in Figure 3-5 improve
the voliage regulation at the Inad by monitoring the voltags
there instead of at the supply’s output terminals. (The advan-
tages of remote sensing apply only during constant voltage
aperation.) Whan using remote sensing, turn off the power
supply before changing the rear-pane! strips, sense leads, or
load leads. The following paragraphs discuss some precau-
tions that should be observed when making a remote sensing
installation.

3-32 The load leads should be of the heaviest practicable
wire gauge, at least heavy enough to Jimit the voltage drop in



each lead to 0.5 volts. The power supply has been designed to
minimize the eifects of long load lead inductance, but best
results will be obtained by using the shortest load leads
practical,

NOTE

Remote voltage sensing compensates for a
vaftage drop of up to 0.5 V in each lead, and there
may be up to a 0.35 V drop between the — output
terminal and the internal sensing resistor, at
which point the OVP circuit is connected.
Therefore, the voltage sensed by the OVP circuit
could be as much as 1.35 V more than the voltage
being regulated at the load. It may be necessary
te readjiust the OVP trip voltage when using
reimote sensing.

FPOWER SUPPLY

+§ + - 54y
A7 A7)
W oy

\mooooad T

LOAD

Figure 3-5. Remote Yoltage Sensing

3-33 Since the sensing leads carry only a few milliamperes,
the wires used for sensing can be much lighter than the load
leads (AWG #22 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 the the
supply’s output, and CV load regulation may be adversaly
affected. The shisld should be grounded at one®nd only and
should not be used as one of the sensing conductors. The
sensing leads should be connected as close to the load as
possible.

3-34 The sensing leads are part of the supply’s program-
ming circuits, so they should be connected in such a way as to
make it uniikely that they might inadvertently become open
circuited. If the sense leads open during operation, i is possi-
ble that the load voltage will rise above its programmed value.
Therefore, it is recommended that no switch, relay or connec-
tor contacts be included in the remote sensing path.

3-35 Auto-Paratlel Operation

3-38 Figure 3-8 shows the interconnections required to
auto-paraliel other autoranging power supplies with a 60344
as the master supply. An auto-parallel combination provides a
greater current capability than can be obtained from g single
supply, while ensuring that each supply will share the load
proportionally to its own total powsr capability under all load
conditions. For example, if a 200 W supply and a 1000 W sup-
ply were auto-paralieled, the 200 W supply would provide 1/6
the total current and tha 1000 W supply would provide 5/6 the
total current, The 8034A can be auto-paralleled only with other
autoranging units, or with units that have current-monitoring
output signals that are referenced to the — output and equal to
5V at maxirmum rated current output. Up to eight supplies
may be connacied in auto-parallel, but the 6034A must be
the master unit.

iAsTEr SLAVE 1
MASTER
oo
PROGRAMMING
INPUT
A2 48 b - oS )
LI

PROGRAMMING

SLAVE # 2
o

NPUT
i 48 + - -2

e

WOTE: THE MASTER CAN BE
CONMECTED FOR REMOTE

SEMSING

LOAD

Figure 3-6. Auto-Parallel Operation
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NOTES

Load sharing will not be equal unless the voltage
drops per lead are equal for all supplies. With sup-
plies of equal capacity, use wires of equal fength
aind gauge to connect vach auto-paralieled supply
to the foad. If it is impractical to run leads from
each supply 1o the load because of distance, leads
of equal length should be run from each supply to
carmmon distribution terminals, with a single pair
of leads run from the distribution terminals to the
load. If one supply is providing more current than
another, its load-lead resistance should be pro-
portionately lower,

Because only the master can down-program the
output of an auto-parallel combination, down-
programming  speed will be reduced under
no-load conditions,

3-37 Seiting Output Yoltage and Cusrent. The auto-
parallel combination of supplies behaves as if it were a single
constant voltage/constant current supply controlled by the
voltage and current settings of the master supply. The current
controls of the slave supplies must be disabled. On Hewlett-
Packard autoranging supplies this is accomplished by remov-
ing the straps that connect the CC Current Source Qutput and
CURRENT potentiometer terminals to the CC Programming
Voltage Input terminal. The voltage controls of the slave SR~
plies should be set above the desired output voltage 1o avoid
interference with the master supply.

NOTE

The voltage controls of Hewlett-Packard
autoranging supplies can be disabled by replacing
the strap connected between the CV Program-
ming Voltage Input terminals and — S terminal
with a resistor on each slave supply. The resistor
value should be chosen to program e voltage
higher than the desired output voltage. The
Operating and Service Manuals for Mawlets-
Packard autoranging supplies provide instructions

3-38 Overvoliage Protection in Auto-Parallel. Adjust
the OVP trip point at the master supply. The slave supply OVP
trip control{s) may be set to the same level or to maximum to
disable them, If the master supply OVP trips, the master sup-
ply will program the slave suppliss to zero output. If a slave
OVP trips, it shuts down only that slave; the other units then
supply more current until the master supply switches to CC
mads.

3-39 Auto-Parallel with Remote Voltage Sensing. To
combine auic-parallel operation with remote voltage sensing,
connact the supplies as described above but remove the + &
and - S jumpers from the master supply and connect the + 3
and - 5 terminals directly to the + and — ends of the load.
Observe the precautions outlined under Paragraph 3-30,

3-8 Auto-Series Oparation

341 Figures 3-7 and 38 show the interconnections re-
quired to operate two or more supplies in auto-series mode
with a 6034A as the master supply, This mode of operation
provides a greater voltage capability than can be obtained
from a single supply. As many as four supplies can be con-
nected in auto-series in the configuration shown in Figure 3-7,
and as many as eight supplies can be connected if the power
supply combination and load are center-tapped as in Figure
3-8 (with no more than four supplies on each side of the center
tap}. Either configuration allows all the supplies to be pro-
grammed simultansously by the voltage and current settings
of the master supply. Any power supply capable of auto-series
operation can be used in the auto-seriss combination. The
supply with the lowest current rating limits the maximum out-
put current of the combination, The 60348 must be the
master supply, and the master supply must be the one at the
positive end of the series combination. Any point of the out-
put can be grounded if desired, as long as no other point in the
output is more than 240 volts lincluding output voltage) from

for sefecting the resistor vafue. ground.,
60344 SLAVE #1 SLAVE FF 2
MASTER
oy Cy
PROCRAMMING PROGR AMMING
INPUT INPUT

A A2a5 + o w8y

) G i) R

45 + - -5 G 4 e =G

NOTE: \J[__H,,,Ww‘m .....

THE MASTER CAN

BE CONNECTED

FOR REMCTE
SENSING

LOab

Figure 3-7. Auto-Series Operation
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3-42 The output voltage of each slave supply variss in
cdirect proportion to that of the master supply. The ratio of
each slave supply's output voltags to the master supply’s out-
pui voltage is established by the ratio of the resistors in the
voltage divider connected between <+ Sense of the master
supply and — Sense of the slave supply.

3-43 In applications in which coordinated positive and
nagative voltages are required, center tapping the supply com-
bination and load as shown in Figure 3-8 aliows simuliansous
proportional control of both supply voltages.

CAUTION !

I more than four supplies are connected rogether
in an auto-series combination, be certain that
nether the mora positive end nor the more
negative end of the aufo-series combination is
miore than 240 volts from ground.

6054 A
MASTER SLAVE
oV
PROGRAMMING
INPUT
Al A2 1S+ o o f‘_}? l,, R
= e
CLUBanY G0
HOTE ! i
THE MASTER CAN
BE CONNECTED AP A
FOR REMOTE Ry Ry
SENSING |
- R L.
LOAD L LOD
Y/

Figure 3-8. Auto-Beries Operation, Positive and Negative
Dutputs

344 Setting Output Voltage and Current. The auto-
series combination of supplies behaves as if it were a single
constart voltage/constant current supply controlled by the
voltage and current settings of the master supply. The voltage
controls of the slave supplies must be disabled. On Hewlett-
Packard autoranging supplies this is accomplished by remov-
ing the straps that connect the CV Current Source Quiput and
VOLTAGE potentiometer terminals to the CV Programming
Valtage Input terminal. The current controls of the slave sup-
plies should be set above the desired output custent 1o avoid
interference with the master supply.

3-9

NOTE

The current controfs of Hewletr-Packard
autoranging supplies can be disabled by replacing
the strap connected between the CC Program
ming Voltage terminal and the CURRENT poten
tiometer terminal with a resistor on each slave
supply. The resistor value should be chosen to
program a current greater than the desired outpu?
ourrent. The Operating and Service Manuals for
Hewlett-Packard autoranging supplies provide in-
structions For sefecting the resistor value,

3.45 Resistor Values. As shown, each slave has an exter-
nal voltage divider, Byand Ry that determines its programm-
ing voltage, The ratio of Ry to Ry determines the ratio of the
slave ouiput voltage to the master output voltage. To deter-
ming the values of Ry and Ry, first choose the ratic of the
stave ocutput vohtage to the master cutput voitage { ;\}?), select

a value for Ry, and than determine the value for By by solving
this equation: R =[ 12(Ry} {1+ g—;ﬂ ):lﬂy, For example,

assume a two-supply combination that is to provide 50 volts,
50 volts from the master and 40 volie from the slave. H we
salect a value of Tk for Ry, the sgquation becomes:

0
(1 + ?0,[[ 1000

3-45 Note that the slave outpul voltage may be lower
than. equal to, or higher than the master oulput voltage.

3-47 Two factors must be considered when selecting the
resistance value of Ry, the effect on programming specifica-
tions, particularly spesd, and the power that the resistor will
have to dissipate. In the previous example, with a total
resistance of 27k across an output of 90 volts, By will have to
dissipate 280 milliwatts and Ry will have to dissipate slightly
more than 11 milliwatis. Lower resistance velues of Ry and
Ry will increase programming speed while increasing the
amount of power that Ry and Ry will have to dissipate.

3-48 To maintain the temperatura coafficient and stability
specifications of the supplies, Ry and Ry must be stable, low-
noise resistors with temperature coefficient of less than 25
ppm per °C and power ratings of at least 30 times what they
will actually dissipate,

3-49 The front-panal VOLTAGE potentiometer of the slave
supply can be used in place of Ry by connecting 2 strap from
the CV Prograrmming Voltage Input terminal of the slave sup-
ply 1o the VOLTAGE potentiometer terminal of the slave sup-
ply. This enables the user to vary the percentage of the total
voitage contributed by the slave.



3-50 Dvervoltage Protection in Auto-Series. Adjust
the OVP trip point in each supply to a voltage higher than the
voltags that supoely will contribute, If the master supply OVP
trips, tha master supply will program the slave suppliss to zero
output. If a slave supply OVP trips, that slave supply and all
slave supplies between it and the negative end of the series
will go 10 zero output; alf units more positive than the trippsd
slave supply {which includes the mastsr supply) will continue
to supply their set output voitage. Therefore, the total output
voliage of the guto-seriss combination will be the sum of the
outpuis from the master supply plus any slave supplias be-
twaen the mastet supply and the tripped slave supply, For
maximum protection against overvoltage, set each unit’'s OVP
slightly higher { = 1.5 volts) than the voltags it will contribute.
For maximum protection against false tripping, set the slave
supply OVPs to maximum and adjust OVP at the master.

3-51 Auto-Series with Hemote Voltags Sensing. To
combine auto-series operation with remote voltage sensing,
connect the supplies as described above but remove the + 5
jumper from the master supply and the — S jumper from the
most negative supply, and connect the + S and — 5 terminals
directly 10 the + and — ends of the load, Ob
tions outlined undsr Paragraph 3-30.

serve the precau-

L Pl

352 Auto-Tracking Operation

3-53 Figure 3-9 shows the interconnections required to
opetate Iwo of mors units in auto-tracking mode with a 60344
as the master supply. This mode of operation allows multiple
supplies that share a common output bus (negative or
positivel 1o power separale loads and have their output
voltages simuliansously programmed by the voltage and cur-

Rl
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Figure 3-10. Auto-Tracking Operation, Positive and Megative Outputs
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rent settings of the master supply. The output voltage of each
slave supply varies in direct proportion to that of the master
supply. The ratio of each slave suppiy’'s sutput voltage to the
master supply's is establishaed by the ratio of the resistors in
the voltage divider connected between + 8 of the master sup-
phy and — S of the slave supply.

3-54 Figure 3-10 shows the interconnections reguired to
provide both positive and negative outputs from an auto-
tracking combination. As can be seen, the only difference
from standard auto-tracking operation is that the + Out ter-
minal of slave #2 instead of the - Out terminal is connected to
the common bus. There is no limit tc the number of supplies
that can be operated in either auto-tracking configuration, but
the 8034A must be the master supply.

3-55 Resistor Values, The method for determining the
values of Ry and Ry in Figure 3-8 is similar to that given in
Paragraph 3-4b for auto-series mode. First choose the ratio of
tha slave output voltage to the master ouiput voltage, sglect a
value for Ry, and then determine the value for Ry by solving
the equation:

Rx = Ry [112 %—;ﬁ 1]

3-56 For example, assume a two-supply configuration in
which the slave output is to vary from 0 to 50 volts while the
master output varies from 0 to 30 volts. If we select a value of
1k for Ry, the squation becomes:

. 30y
Ax = 1000 {12 2 ) 1]

AN
Rx = 1000 [7.2 1]
Ry = 6200

357  The same factors that govern the choice of Ry in
auto-series mode apply in auto-tracking mode.

3-58 Repeat the process for each slave, with each slave
referenced to the same {master) suppiy {unlike auto-series
moda). Note that the slave output voliage may be lower than,
equal to, or higher than tha master output voltage.

3-59 For auto-tracking operation with both positive and
negative outputs, as shown in Figure 3-10, the equation in
Paragraph 3-55 is used to determine the values of Ry and Ry
for the slaves providing postive outputs, and the eguation in
Paragraph 3-45 is used to determine the vaiues of Ry and Ry
for the slaves providing nagative outputs,

3-60 Te maintain the temperature coefficient and stability
specifications of the supplies, Ry and Ry must be stable, low-
noise resistors with temperature coefficients of less than 25
ppm per °C and power ratings at teast 30 times what they will
actually dissipate.

361 The front-panel VOLTAGE potentiometer of the slave
supply can be used in place of Ry by connecting a strap from
the CV Programming Voltage terminal of the slave supply to
the VOLTAGE potentiomsisr terminal of the slave supply. This
enables the user to vary the ratio of the slave supply output
voltage to the master supply output voltage.

3-82 Setting the Current Controls. The current controls
of all supplies in an auto-tracking combination are in-
dependently operative and can be used to set current limits for
each individual load. i the master supply goes into constant
current mode, the output voltages of the slave supplies con-
tinue to track the output voltage of the master supply. if a
stave supply goes into constant current mode, however, no
other supply is affected.

3.63 Overvoltage Protection in Auto-Tracking. Adjust
the QVP trip point of each supply as appropriate for the load
connected to that supply. If the master supply OVP trips, the
master supply will program the slave supplies 1o zero output. i
a slave supply QVP trips, only that slave supply and its load
will be affected.

3-84 Auto-Tracking with Bemots Voitage Sensing.
To combing auto-tracking operation with remote voltage sens-
ing, connect the supplies as described above but remove the
+8 and S jumpers from each supply and connect the + 5
and — S terminals directly to the + and - ends of its Ioad.
Observe the precautions outlined under Paragraph 3-30.

3-65 HP-IB

366 Connections between the 8034A and the HP-1B are
made via the HP-IB connector on the rear panel. Figure 3-11
shows the signais at each of the HP-1B connector pins, The
HP-1B connectors table in Section | lists cables and cable ac-
cassories that are available from HP. The 6034A HP-IB con-
nector uses metric threads, which are colored black. Cables
manufactured prior to 1975 have non-metric fasteners, which
are colored silver. Do not attempt 10 mate non-metric {silver)
fasteners with metric {black) fasteners (see accessories table

for conversion kit).

SIGNAL COMMON | B | M| sHIELD
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TWISTED WITHPIN 11| & |~
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TWiSTED wiTh P 10] @ | © ] 972
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TWISTED WITH PIN 8
SHGNAL  COMMON B | 1 naro
TWISTED WITH PIN 7
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(6]
TWISTED WITH PIN 6] ™ DAy

REN |~ | &1 EQl

Do | = B DG4

DI (o | B DIOR

Dlos | & | ™| Dlog

o5 | o |~ | Bio

Figure 3-11. HP-IB Connector



3-867 An HP-IB system may be connected together in any
configuration (star, linear, or combination} as long as the
following rules are followed:

1. The total number of devices is no more than 15,

2. The total length of all the cables used is no more than
two metres fimes the number of devices connected
together, up to an absolute maximum of 20 metres,
(The length betwoen adjacent devices is not criiical as
jong as the total accumulated cable length is no more
than the maximuim allowed.}

NOTE

IEEE Std 488-1978 states that caution should be
taken if individual cable length exceeds 4 m.

3-68 itis recormnmended that no more than three connector
blocks be stacked together, as the resultant leverage can exert
excessive Torce on the mounting panels. Be certain that all
conneciors are fully seated and that the lock screws are firmly
finger tightened. Do not use a screwdriver. The screwdriver
slots in the lock screws are provided for removal purposas
only.

3-69 Paragraph 3-82 provides information for operating
the 60244, in an HP-IB system. The Tutorial Description of the
Hewlatt-Packard Interface Bus and other documents listed in
Section | provide additional information that may be helpfui
when designing an HP-1B system.

3-70

37 An amplified and buffered output signal from the
current-monitoring resistor is available between terminals A1
and A2 on the rear panel. This signal can be connected to a
remote voltmeter to indicate the amount of output current.
Thae signal varies from 0 to § volts to indicate a zero to full scale
(10A) current output, The — terminal of the voltmeter should
be connected to terminal A2, Qutput impedance at terminal
At is 10k; a load of T megohm will maintain 1% reading
accuracy.

372

373 Protective circuits within the 8034A may limit or turn
off the output in case of shnormal conditions. The cause for
the proteclive action can be detsrmined by obsarving the
front-panel indicaters {lights and meters). An overrange con-
dition is indicated by the UNREGULATED indicator on, the
VOLTS and AMPS meters reading relatively high, and the
MOGDE indicators off. An overvoltage condition is indicated by
the GVF indicator on, both meters reading near zero, and the
MODE indicators off. An overtemperature condition is in-
divated by the OTP indicator on, the MODE indicators off, and
both meters dropping to near zero from the readings that
auisted when the overtemperaturs condition occurred. I the
G034A raceives an invalid request via HP-IB (eg: syniax error
or out of rangs}, the INVALID REQUEST indicator turns on;
the unit ignores the invalid reguest and remains at the
previcusly set value. H the primary power voltage drops below
approximately 70% of nominal, the level detector will turn off
the output. In this case, the UNREGULATED indicator is on,
the MODE indicators are off, and both meters read zero {the
supply will probably reset),

Current-Monitor Output Signal

Protective Circuits

3-12
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375 The 80344 is configurad for local operation (RMT in-
dicator off) and constant voltage mode {CV {(NORMAL) in-
dicator on} when the unit is turned on. Quiput vollage is set to
zero, output cutrent is set to 1 ampere, and the QUTPUT AD-
JUST knob is configured o adjust output voltage (VOLTAGE
indicator is on). Prassing the DUTPUT ADJUST pushbution
switch alternately configures the QUTPUT ADJUST knob to
adjust output voltage and output current, as indicatad by the
VOLTAGE and CURRENT indicators. Note that the OUTPUT
ADJUST knob will vary whichever output parameter, voltage
or current, is indicated by the VOLTAGE and CURRENT in-
dicators, even when the other parameter is limiting the output.
For exampls, assume the voltage limit is set to B0 V but the
unit iz in constant current mode with a 25 V output, Rotating
the OUTPUT ADJUST knob when the YOLTAGE indicator is
o will vary the B0 V limit, even though the voltmeter will not
change until {and if) the voltage limit is adjusted below 25 V.
When the 8034A is under remote control {RMT indicator on},
neither the VOLTAGE or CURRENT indicator is on and the
QUTPUT ADJUST knob has no effact.

LOCAL OPERATION

3-76 Constant Voltage Operation
377 To adjust the supply for constant voltage operation:

a. With supply turned off, connect load 1o output terminals,
and connect a short across load,

b. Turn on supply. Press DUTPUT ADJUST pushbution
once so that QUTPUT ADJUST knob controls current, and
adjust for the desired maximum output current. (it may be
necassary to turn up voltage setting shightly.}

¢. Press OUTPUT ADJUST pushbutton onee so that QUT-
PUT ADJUST knob controls voltage, and adjust voltage to
2810,

d. Remove short from load, and rotate QUTPUT ADJUST
knob for desired output voltage.

e, If a load changs causes the current limit to be exceeded,
the supply automatically crosses over to constant current
aperation and the output voltage drops proportionataly. In
setting the current limit, make an adequate allowancs for high
current peaks that could cause unwantad mode crossover.

3-78 Constant Current Opsration
3-79 To adjust the voltage limit in constant current mode,
a load resistor is used in place of the actual load. The
resistance value of the load resistor must be chosen to permit
no more than 1A to flow at the desired voltage, Use Ohm's
Law, R = E/l, to determine the minimum resistance vatue that
can be used (E = desired voltage limit, | = 14 or kess,) Any
larger value is acceptable, but sce WARNING following step
b. Be certain that the power rating of the load resistor is ade-
quate. For example, assume that a limit of 60 V is 10 be set, A
80-ohm resistor will draw 1A at 60V, and will have to dissipate
60 W, A 120-ohm resistor will draw 0.5A, and will have to
dissipate only 30 W. To adjust the supply for constant current
operation:

a. With supply turned off, connect load resistor, turn power
on, and rotate QUTPUT ADJUST knob for the desired max-
imum output voltage,



b. Press QUTPUT ADJUST pushbutton switch once, so
that QUTPUT ADJUST knob controls current (CURRENT in-
dicator on), Turn output current down to zerc, (Turn OUTPUT
ADJUST knob CCW at lzast one turn after AMPS meter in-
dicates zero to account for calibration tolsrance.} 60344
shiould be in CC {LIMIT) mode with output voltage approx-
imately zero.

ARNING

With worst-case calibration, the foad resistor may
have to pass up to 20 mA while ouiput curient is
adiusted to zero. Therefore, the larger the
resistance the grester may be the voltage
developed acrass the load resistor. (For example,
250 {t may develop up to 8V, 1 k&l may develop up
to 20V}

¢. Connect actual load to B034A output terminals and then
disconnect load resistor,

| wARNING

Depending on calibration of unit, output voliage
may begin ta rise slowly if na load is connected to
the cutput terminals. Be certain To connect load
hefore disconnecting load resistor. VOLTS meter
will indicate voltage at the oulput terrminals. If the
output voftage begins to rise, turn power off and
start provedure again.

d. Rotate QUTPUT ADJUST knob for the desired output
current.

2. If the load change causes the voltags limit to be exceed-
ed, the supply automatically crosses over to constant vollage
operation and the sutput current drops proportionately. n set-
ting the voltage limit, make an adequate allowance for high
peak woltages that could cause unwarniad crossover.

3-80 Baturn to Local

3-81 i the 60344 iz under remote cordrol (RMT indicator
on} and local lockout has not been sent {see Faragraph 3-37),
pressing the LTL pushbution switch will return the unit to
local (front panel) control. Holding the LCL switch in will pre-
vent the 8034A from returning to retote control for as long as
the LCL switch is hald in or uniit 1ocal lockout is sant. f the
6034A has been disabled via MP-1B (DISABLED indicator on),
the LCL switch will not restore the 8034A outpul. The only
way 1o eliminate disable locally is 10 turn the A0344 power off
and then back on. However, the QUTPUT ADJUST controls
continue to operats in losal control aven if the unit is disabled,

382 HP-I8 OPERATION
3.83 interface Functions

3-B4 The 50344 implements the following HP-IB interface
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functions, which are defined by IEEE standard 488:
H1 {Source Handshake)
AH1T (Acceptor Handshaks}
T1 {Tatker}
1.1 {Listaner}
SR1 (Service Reguest)
f/1.1 (Remote Local)
PP1 (Parallel Poll}
[3C1 (Device Clear)
DTt (Davice Trigger)

3-85 Multiiine Massage Control Functions. The
Acceptor Handshake, Source Handshake, Listener, and
Talkar functions are ordinarily implemented by the interface
circuits of the 60344 and the controller, and require no action
by the user. The LSN or TLK indicators turn on when the
60344 is addressed to be a listener or talker. {The talker func
tion includes serial poll, see Paragraph 3-82.)

3-86 Service Hequest. Service Request is a uniline
message asseried by the 8034A at power on, and for gertain
other events as selected by the user. These are: Invalid Re-
quest, Overtemperaturs, Limit Mode, Overvoltage, andd
Unregutatad. The B034A powers on with service request (in-
tereupt) capability for these five events masked, Le., none of
them can cause the 60344 to request service. This does not
affect the condition(s) within the 8034A, nor does 1t affect the
power supply status indicators; the mask simply prevents the
50734A from reguesting service for the masked condition. Also,
even it an interrupt is masked the 80344 will respond to a serial
nolt with the present state of the unit {see Paragraph 3-83).
Paragraphs 3-103 and 3-110 provide instructions for unmask-
ing service request {interrupt) capability.

3-87 The SRO indicator turmns on whanever the 60344 is
regesting service from the controller, and remains on unti! the
controlier conducts a serial poll (will remain on after poll if fault
remains},

3-88 Servics requests for unregulated operation and lirmit
mode can be delayed if desired for up to 85 seconds after a
new output value is programmed or unit is reset. The delay
can prevent service reguests for temporary conditions. For ex-
ample, if the output voltage is programmed to rise from bV 10
£0V, the output may be unregulated while the output voltags
is rising. Ordinarily, this would not be cause for concermn, and a
service reguest for this temporary condition would be an
annoyance. Faciors that influence how long the unreguiated
or limit mode condition wili last include: difference between
old output value and new cutput vatue, iimit value, and output
{load} capactiance {for CV maode) or cutput inductance (for CC
model. The length of delay required must be determined am
pirically: the pragramming-response-time graphs in the specit-
cations table, Section |, can be used as guidelines. The 6034A
powers on with 2 delay value of 500 ms. Paragraphs 3-103 and
3108 provide instructions for programming defay time.



Table 3-2. Status-Byte Bit Descriptions

Can SRG SRA
B0 § Decimal Beguest [ Can Be Can Be
ling # | Weight [ Description Bit Reset By Service? | Masked? | Delayed? | Front-Ponel Indicator

1 1 OVERTEMPERATURE-Set when an over- Fither: Yes ‘ms@ Mo OTF indicates present
temperature condition causes shutdown 1. 0T fault ceases and SRO was not state of OT cirpiat, not
of output, set fer any fault}, or a7 bit.

2. Serial polf, if OT fault ceased after
SR ffor any fauly,

i ? UNREGULATED-Set when ousput 5 Either: Yes Yes Yes UNREGUILATED inclicates
unregulated sither because load tnes 1. Unrequlated fault teases and 3RO present slate of power
io draw Bxcess power or because of was a0t set (for any fault, o supply cutput, not
low nput power, 2. Serial poll, i unregulated fault UNREGILATED bit,

toased after SRE {for any fault).

3 4 OVERVOLTAGE Set when OVP gireuit Either: Yo YES‘@ No OVP indicates present
s, 1. Reset of OVP giecuis if SRU was 1o state of OVP drcuit,

sat ffor any fault), or not VP bit.
2. Serial pofl, it OVP sircuit i reset
after SRA tfor any fault).©

4 8 LMY MAODE-Set when aithar Either: Yes Yes Yoo MODE indicators

1. Urit i programmsd 55 a voltags 1. Limit mode operaion ceases and indicate presant siate of
source (M1} but switches to SRO was not set for any fault), or power supply, not LIMIT
cansiant current aperafion, or 2. Senal poll. i & mode pperatien bit.

2. Ynit is pregrammed as a current ceases after SR (for any fault)
sourcs M2 but switshes 1o
eonstant voltage nperation.

] 14 DISABLE Set when unit 15 disabled Power supply resnabled upon receipt No DISABLEL iricates the
upon receipt of eithar an "5 or of an "R staie of the DISABLED
Bevies Clear command. hit.

b 32| INVALID REQUEST-Set upon receipt Serial poll. Yas Yes o INVALID REQUEST
of an imvalid regiest (syistax aror o indicates the stae of
ot af lisnits), the INVALID REQWEST

hit.

¥ 64 | REDUEST SEAVICEset when SU34A Seral po¥ Gf Tl has SRI1 mdicates the state
raguests service, indiates if unit heen correctod), o the REQUEST
was reguesting service when pollad. SEBVICE it

B8 178 | POWER ONset when uit initializes Senal pall. Yes Ne Ne
at powvear Gn.

Mot

1 Masliag Dverteinpesaturs or DYF does not prevent shutdown of suiput in case of overtemperature or GVP conditior,

"

2 Garial po# does not reset GUP circuis, just the QP B




3-83 Berial Poll. In a serial poll, the controlier polls each
davice on the bus, one at a time, The 6034A responds with an
eight-bit status byte on the data lines. Table 3-2 defines each
of the bits, indicating what causes sach 10 be set and reset,
and the siate of the corresponding front-panel indicator. Note
that the status byte represents only the 6034A, not other power
supplies that may be slaved to the B034A in an auto-parallel,
auto-saries, or-auto-tracking configuration. The response of the
6034A to a serial poll depends on whether or not the unit had
been requesting service when the serial poli occurred.

3-890 1 the 6034A is requesting service (SRQ on) for any

reason other than power on, OVP, OTP, unregulated, invalid re-

quest, and limit mode faults will aceumulate in the status byte
until a serial poll, regardless of whether they were masked or
not and regardless of whether that fault still exists. For exam-
ple, assume the following sequence:

1. Limit mode is masked {unable 1o cause a service re-
quaest).

Invalid request is unmasked (able to cause a service re-

guest).

BO344 receives an invalid request {syntax error or out of

timit). SRQ will be set.

6034 A switches to limit mode and then switches back to

normal mode.

. Controller conducts a serial poil, The 8034A siatus byte
will have bits set for both invalid request and limit mode,
even though the unit is not operating in limit mode
when the serial poll is conducted.

2

381 If the 60344 is not requaesting service when a serial
poll occurs, the status byte indicates the present stats of the
unit.

382 Powsr on {PON) always requests service. Therefors,
if a momentary power dropout causes the 60344 memory to
lose s programmed values, PON alerts the user that the
60344 has been initialized {see Paragraph 3-105). The 6034A
also reguests service when it loses ac power,

3-93 if the unit fails zelf test at power on, it will not ra-
spond to a serial poll (sven though unit will have set SRQ).
The user should include a time-out in his program after which
the controller will not wait for the 60344 to respond 1o a serial
poil. 1 the time-out oceurs, the 6034A can be assumed 1o be
malfunctioning and should be removed for service,

3-84 Parallel Poll. Parallel poll allows the controller to
detarmine quickly which of a number of instruments on the
bus requested service. The parallel poll response corresponds
to bit 7 of a serial poll status byte {see Table 3-2}. Parallel poll
does not reset service request in the 8034A. The 6034A can
be configurad remotely from the controller, or it can be con-
figured locaily.

395 Unless configured remotely, the 80344 responds to a
paraflet poll with a "1 on one of the DIO lines (if requesting
servicel, as determined by the setting of its address switches.
Addresses 7 through G correspond to DIO lines 1 through 8
{decimal weight 20 through 27}, If the BO34A address switches
are set to 8 or higher, the 6034A will not respond 1o a parallsl
poll unfess the unit is configured remotely. The 8034A cannot
returiy 3 707 to indicate it was reguesting service unless it has
been configured remotely.

3-96 The 8034A can be configured remotely to re-
spond 10 a parallel poll with either a "1 or a 0" on one of the
DIO fnes if the unit is requesting service. Configuration
statements with a decimal value of 0 through 7 will configure
the unit to respond with & "0 on one of DIO lines 1 through 8;
decimal values of 8 through 15 configure the unit 1o respond
with a "1 on one of DIQ lines 1 through 8. By configuring the
60344 remotely, the 6034A address switches may be set to
any address from 0 through 30 without affecting the parallsl
poll response. The capability 1o configure either a 0" or ""1"
response allows the user to AND or OR two or more in-
strumnents on one DI0 line.

3-97 Remote Local. The remoie local function allows the
6034A to operate in either local {(front panel) or remote (via
HP-1B} control. The user can send Local Lockout to the 60344
via HP-IB to disable the front-panel LCL switch only. With
Local Lockout, the controller determinas if the unit cperates in
local or remote control; this enables the controller to prevent
anyone from returning the 8034A 1o local control.

3-8 Bevice Clear. Device Clear is implemanted in the
B8034A as Set {see Paragraph 3-124). The two differences be-
tween Set and Device Clear are: Device Clear can be an unad-
dressed or addressed command, and the 60344 will irnplement
Device Clear regardless of whether the unit is in local or
remote control. Device Clear is typically used in systemns 1o
send all devices in the system to a known state with a single
eommand {which could be generated by a “panic’” button).

398 Device Trigger. Device Trigger is implamentsd in
the 6034A as Go (see Paragraph 3-128). Each device that is to
raspond to Device Trigger must be addrassed, and the 60344
will not implement Device Trigger in local control. Device Trig-
ger Is typically used in systems 1o synchronize the operation of
a number of addressed devices.

3100  HP-IB Address Selection
3101 The HP-1B address switches are located on the rear
panel. Figure 3-12 shows the factory-set address of 5" (hinary
00101}, Any address from 00 through 30 {decimal} is a valid

HP-IB address. The 60344 will operate on whatever address is
set on the address switches,

HP-1  ADDRESS

ol 0 ol @

Al

A%

Figure 3-12. HP-IB Address Switches



3-102 Note that some instruments (not the 8034A) will in-
itialize at a particular address although they can be programm-
ad subsequently to respond to a different address. If the
systern includes instruments with this characteristic and they
are programmed for addresses other than their initialized ad-
dress, @ momentary input power dropout may cause them 1o
ra-initialize their address. If another instrument, such as a
80344, is hardware set to that address, the systemn will not
function properly, Therefore, the system program should be
written to monitor any re-inftialization and reset any program-
med data, such as addresses, that may have been lost,

3-103

3-104 Figure 3-13 shows a full programming string for the
B034A power supply. Paragraphs 3-106 through 3-131 describe
each of the commands in the programming string. The letters
used to program ecach of the commands are printed in
boldface type in the following paragraphs. When referring to
Figure 3-13, it should be remembered that:

1. The spaces shown between commands are for clarity of
the illustration, they are not required {but they may be
used, as may be commas).

2. Commands may be sent in any order {e.g., current may

ba sent before voltage}. However, only commands raceiv-
ad by the 6034A before a G, R, or Device Trigger (DT}
command will be implemented by that G, R, or DT,

Programming Syntax

Therefore, for example, if G is sent before the voltage,
that voltage will be stored in, but not implementad by,
tha 8034A until receipt of another G, R, or DT.

3. It is not necessary to send an entire string. If only the
output voltags is to be changed, that is the only value
that need be sent to the G034A.

4. Fach command must be completed before another is
entared, For example, if you enter P you mustentera ¥
to complete that command before entering any other
command. Otherwise, the 8034A will consider the in-
completed command an invalid request. Subsequent
complete commands will be accepted.

5. Numbers will be rounded off by the 68034A 10 tha best
resofution of the 8034A output. Leading and trailing
zeroes will be ignored.

6. Numbers that are not within the ranges listed in Figure
3-13 will invalidate the command. '

7. Values for mode, potential, current and overvoitage trip
level (4 function of soft voltage limit) are stored in, but
not implemeanted by, the 8034A untit recsipt of a G or
DT command. Note that any subsequent value received
by the 6034A prior to receipt of a G or DT command will
supersede the stored value, Values will remain stored
aven if the 60344 is switchad to local and then back to
remote control,

3105 initial Conditions. The 6034A initializes at power
on with the following values programmed:

output voltage = 0 volts
output cutrent = 1 ampere (locall
0 ampere {remote}
mode = M1 {voltage sourcs)
delay = 500 milliseconds
interrupt mask = N8 (all masked except power on)
soft voltage limit = 80 volts {OVP trip leval =64.8 V)
soft current limit = 10 amperes

3108 Mode. Mode designates the 8034A as either a
voltage source (M1) or a current source (M2}, Iif not masked,
the 8034A will request service H:

1. The unit switchas to constant current while operating in
M1, or

2. The unit switches to constant voltage while operating in
M2,

3107 Either 1 or 2 must be sent after M 10 complete the
command. Maode will be stored in, by not implemented by, the
60344 untl receipt of a G or DT command. The 6034A
initializes as s voltage source {M1}.

3908 Delay. Delay operates to prevent service reguests
for either limit mode oy unregulated operation for a specific
period after 3 new output value is programmed. This serves to
eliminate nuisance service requesis for temporary conditions
that may exist while the 8034A ouiput is changing 1o a new

MIE OXXXXX% NE PEX KXXY CXHX XXEKA UXX XXXV UXNAXAXA g G T
L M b o D e N d e [ L rrisoen
MODE DELAY VOLTAGE GURRENT SOFT SGFT -0
POTENTAL) VOLTAGE  CURRENT o
LIMET LIMIT SET/RESET
INTEREUPT
MASK
RANGE OF "x" FOR G IMPLEMENTS.
DELAY= 00 TO 85§ MODE
00000 TO 66535M START OF DELAY TIME
ﬂ POTENTIAL
INTERRUPT MASK = 0 TO 8 ol
VOLTASE = 0000 TO B0.000V OVP TRIP VOLTAGE OF SGFT
VOLTAGE LIIT
GURRENT = 90,000 TO 65004 GLTAGE
SOFT VOLTAGE LIMIT = 00000 TO 8Q.000V
SOFT CURRENT LIMIT = 0C.000 1O 10.000A

Figure 3-13. Programming Syntax




value. The delay time starts upon receipt of a G, DT, or R
command {Go, Device Trigger, or Reset; see Paragraphs
3-128, 3-99, and 3-124). I either limit mode or unregulated
pperation continues bayond the delay time, or if either occurs
any time after the delay time has elapsed, a savvice request will
occur immediately {if unmasked).

3109 Delay may be set from 0 to 65 seconds (S), or 0 to
85638 milliseconds {M}. Either § or M must be sent after D 10
compleie the command. The 6034A initializes with a 500
millisecond delay.

3-116 INterrupt Mask. The 6034A powers on with no ser-
vice request capability except for power on. Overtemperalure,
invalid request, fimit mode, overvoltage, and unregulated con-
ditions can be unmasked 1o enable the 6034A to request ser-
vice if they occur, Programming any value of N from 0 through
7 unmasks both overtemperature and invalid request. Table
3.3 shows which of the other conditions will also be unmasked
for each value of N from O through 7. As can be seen, NQ un-
masks the full service reguest capability. Any digit from 8
through 8 must be sent after N to complate the sommand.
The 6034A initializes with an interrupt mask value of 5 (all
masked excepl powsr on),

Table 3-3, Interrupt Masks

Fault L
Unreguiated | Overvoltage | Limit Mode

N .,

0 0 ¥] 0
1 0 } 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
§ 1 1 Q
7 1 1 1

g = Unmasked {able 10 request servica}
1= Masked {unable to request service)

Overtemperature and invalid request are unmasked for
any value of N from 0 through 7.

BB masks all interrupts {service requests) except power
OF,

3111 Potential {Voltage). Potential programs the output
yoltage of the B034A, from O to 60.000 volts. Any number of
digits may be sent, but the 6034A will use only five. A decimal
point must be sent if needed, but may be left out if pot neaeded
le.g., P10V and P10.0V are both valid requests and will pro-
duce the same result).

3-112 Potentiat will be storad in, but not implemented by,
the 60344 until receipt of a G or DT command. Therefore, it is
possible to send two values 1o the 6034A in one siring, such as
P18V G P5Y. The 8034A output will go to 18 voits immediate-
Iy upon receipt of the G and will go to 5 volts only upon subse-
quent receint of a & or DT command. Note that any subse-
quent potential value received by the 6034A prior to recsipt of
a G or DT command will supersede the 5 V value.

3-17

3-113 I the B034A receives an invalid request {value out of
range or greater than the soft voltage limit), the 6034A output
will remain at its present value.

3114 A Y must be sent after P to complete the command.
The 80344 initializes at O volts output.

3-115 Current. Current programs the output current of the
60244, from: O to 10.000 amperas, Factors described in the
preceding paragraphs for potential apply also to current,

3-116 An A must be sent after € to complete the com-
mand. The 60344 initializes at 0 amperes output for remots
control, 1 ampere output for local control,

3117 Soft Voitage Limit (Upper Value). Sott voltage limit
sets the maximum output voltage 1o which the output can be
programmed (either in remote or local control), and it also
determines the remotely programmed OVP trip level (2 V 4+
1.04 x soft hmit voltage). Soft fimit protects the load in situa-
tions in which a damaging output voltage is inadvertenily pro-
grammed. For example, assume that the output voltage to be
programmed is determined by a series of measurements and
somputations. An unexpected measurement and/or combina-
tion of inputs to the computation could result in an unaccept-
ably high output voliage. Howsver, if the programmed voltage
sxceeds the soft voltage limit, the 50344 will consider the new
value an invalid request and the B034A output will remain at
the previous value.

3-118 The soft voltage Hmit value is compared to all incom-
itng values for output voltage. i the incoming value passes the
comparison, it is stored in the 8034A. Thersfore, if a voltage
value is sent to the BO34A but not implemented by a G or DT
command, that voltage will pot be affected by any subse-
quently received soft firnit value. Note, however, that if the
stored voltage value exceeds the new OVP trip voltage, the
OVE cireuit will trip whenever the 6034A receives a G or DT
command. 1t is good practice to program soft limit values
#irst, before programming the output.

3119 A consequencs of not setting limits first that may
net be obvious to the user arises from the fact that the 8034A
can store a new output value that is different from the present
sutput, If the B03A receives a soft voliage limit that is lower
than the present output voltage, the output wili remain un-
changed. However, if the unit is switched to local control and
QUTPUT ADJUST is sef to VOLTAGE, the output will drop to
the new soft voltage limit. if the 80344 then receives 2 G or DT
command, the cutput will return 1o its last remotely program
med value. Note that the new QVP trip voltage (ZV + 1.04 x
soft voltage limit) is implemented immediately upon receipt of
2 5 or DT command or when the unit is switchad 1o local con-
trol. If thiz OVP trip voltage is lower than the output voltags,
OVP will trip. As an example, assurme the following sequence:

1. Quiput voltage is 20 V.,

2. User programs a soft voltags limit of 18 V, but doss not

send a G or DT command, Output remains at 20 V.

3. User presses LCL switch {OUTPUYT ADJUST in
VOLTAGE). 60344 output will go to 18 V, bevause
tocally programmed value is continually compared 16
soft voltage limit.
H34A receives a G or DT command. Ouiput will returmn
to 20 V, because 20 V value was comparad and stored
before 18 V soft voltage Hmit was received.



Liser programs a soft voitage limit of 18 V, but does not
send a G or DT command. Output remains at 20 V.
User presses LCL switch. QVP circuit wili trip and out-
put drop to 0 volts, because output exceeds 17.6 V QVP
trip voliags.

. B034A receives an R {reset) command. Output goes to
15V, the soft voltage limit,

6034A receives a G or DT command. OVP circuit will
trip, because the remotely stored vatue of 20 V exceeds
the 17.6 V QVP trip voltage.

6034A receives an R command. Output remains at 0
volts because 6034A attermpts to go to 20V output, and
OV trips again.

3-120 Baing careful to set limits first befare programming
the cutput will siiminate the possibility of the preceding
situation.

3-121 A Y must be sent after U 1o complete the command.
The 8034A initializes a1 80.000 V soft voltage limit (84.6 V QVP
trip voltagel. Remember that the OVP circuit will trip at the
lower trip voltage, either locally or remoiely set, regardiess of
whethar the 80344 is in local or remote control.

3122 Soft Current Limit {Upper Value). Soft current limit
sats the maximum output current to which the output can be
programmed  {either In remote or local control). Faectors
described in the preceding paragraphs for soft voltage fimit
apply also to soft current limit, except that soft current limit
doss not include overcurrent protection, Alse, i the 60344 s
switchead to local control, the output is affecied by soft current
fimit when OUTPUT ADJUST is set to CURRENT.

3123 An A must be sent after U to complate the com-
mand. The 6034A initializes at 10,0004 soft current limit,

3-124 Set Reset. Dot disables the output of the 6034A and
programs it to @ volts. The DISABLED indicator turns on, but
the 80344 remains able to receive and store commands. Reset
reenables the 8034A output, and resets the OVP circuit if it
fripped. Reset also starts the delay time and implements com-
mands that may have been received while the 80344 was
disabled. For example, assume the following sequence:

1. 6034A output is 40 volts,

2. 60344 receives an 8 command and output drops 10 ap-
proximately 0 volts.
6034A receives a command of PZEVG.
80344 receives an H command. Quiput goes to 25 volts,
not the 40 volt output that existed when the unit was
disablad,

3.
4,

3125 This feature can lessen the time required for the out-
put to setile at the new value, because the intarnal control cir-
cuits are settled before the output is raset.

3-126 1t may be necessary for the user to program a walt
between a new program value and reset after the OVP dircuit
trips. Because analog circuit delays are greater than digital
delays, the output may try 1o go to the old valus before the
new value is implemented, possibly re-tripping OVP. Factors
that influence whether the output will exceed the OVP wrip
voltage befere the new output value is implemented include:

3-18

differance betwesn old output valus and new output value,
difference between QVP trip voltage and new output valus,
and output (load) capacitance. The jength of the wait between
sending the new value and sending reset must be determined
ampirically; the programming-response-time graphs in the
specifications table, Section |, can be used as guidelines.

3-127 The user’s program should also be designed to serial
poll the B034A for status befors rasetting the 6034A after OVP
has tripped. When OVP has tripped, the 6034A output is
unregulated. However, the UNREGULATED indicator and
status-byte bit are not turned on, because the 60344 “knows”
that OVF causad the unregulated condition. However, if the
B034A, is reset befors SRQ s clearad by a serial poll, the output
will be unregulated while the output is rising. Because OVFP no
longer exists, the unregulated condition will set the status-
byte bit for unregulated operation. If the 6034A is serial polled
first and then reset, the unregulated condition that oecurs
while the output is rising will cause a service request only if tha
condition continues longer than the delay time,

3128 Go. Go causes the 8034A to implement the most
recently received values for mode, potential {voltage}, current,
and OVP trip voltage (determined by soft voltage limit}. Go
also starts the delay time during which unregulated operation
of fimit mode wili not cause & service request.

3129 Trigger. Trigger causss the 8034A to read the pre-
sent value of whichever paramster, voltage or cuirent, is not
being requiated, and put that load-dependent value on the DO
lines. Figure 3-14 describes each of the entires in the readback
format, Note that the EO| line on the HP-1B iz asserted true
fiow) by the BO34A concurrent with line feed.

N
L
F,

v

A XX XXX CR LK

The supply was cperating normally when measure-
ment was taken.

The supply was in limit mode when measurement
was taken.

The supply was in a fault mode {overvoltage or
unregulated} or disabled when measurement was
taken, or no measurement was aver taken,

Bumbers (XX 000 represent output volts.

Numbers DO XXX) represent output amperes.

CR - Carriage Return
LF - Line Feed

* - FOI is asserted true concurrant with line feed.

Figure 3-14. Readback Format



3-130 A readback of FV999999 means either:
1. The output is unregulated {neither voltage nor current
circuit is regulating), or
2. No measurement has ever been taken (6034A was ad-
dressed to talk without having received a T command}.

3-131 Once the 6034A has received a T command and
taken a measurement, that value can be read back at any time,
even i the output has changed.

NOTES

It may be necassary t¢ prograint a delay between
an output current change and readback of output
current to aflow the current-readback metering

319

circuit to settle. The actual settling time required
for @ particular output current change must be
determined empivically. Maximum settling time
for maximum accuracy is 200 ms for a 104
change.

The time required for the 6034A to measure the
foad-dependent paramater is a function of the dif-
ference between the programmed value and the
actual oulput value. Therefore, setting the pro-
gram value closer to the expected operating value
may increase system speed. Be careful not to set
the program values so close as to cause un-
wanted crossover between CV and CC modes
{see Paragraphs 3-77 and 3-79}.



Section 1V
PRINCIPLES OF OPERBATION

4-7 INTRODUCTION

4.2 This section contains block diagrams, simplified
schematics, and related descriptions of the 6034A circuits.
The 8034A can be thought of as comprising two major sec-
tions, the HP-IB and microcomputer circuits, and the power
mesh and control circuits. Three block diagrams represent the
HP-iB circuits, microcomputer circuits, and front-pansl
assembly. The descriptions accompanying these block
diagrams explain the function of each block without describ-
ing how individual components within the circuit accomplish
that function. A simplified schematic represents the power
mesh and control board. Detailed descriptions are provided
only for those individual circuits and components whose
operation may not be obvious to the user.

4-3 The circuit names and layouts of the block diagrams
and simplified schematic are the same as used on the com-
plete schematics in Section VII; however, some items, such as
the HP-1B and microcomputer bias power supplies, are left off
the block diagrams and simplified schematic for clarity. Sig-
na! namas that appear on the drawings are printed in capitals
in the descriptions, as are front-pansl labels for indicators and
controls. Signal names that describe an operating mode or
condition are active when that condition exists. For example,
0T is high and OT is low if an overtemperature condition
exists. In general, signal flow is from left to right and top to
hottom, unless arrows indicate otherwise. Signals that lead
off the edge of ons block diagram pick up in the same relative
position on the next block diagram. Some components, such
as optical couplers and transformaers, are shown in two areas.
In these cases, the part of the component or circuit that is
shown by dashed lines is shown solidly elsewhaere.

4-4 HP-IB CIRCUITS

4-5 Figure 4-1 iz a block diagram of the HP-IB circuits,
These circuits provide the interface between the HP-1B and
the rest of the 8034A. Bus-status output signals that are wide-
ly distributed on the drawing are identified by mnemonics or
signal names in lisu of individual connections to each blook.
For example, any input labelad LISTEN is high whenever the
unit has been addressed as a listener. A pulse symbol {""}
indicates that the signatl is ordinarily a pulse rather than a level.

4-5 The following description first describes the bus func-
tions and some of the signals that control the unit's operation
on the bus. Subsequent paragraphs describe the functions of
each of the blocks on the drawing.

4-7 Transceivers and Bus Functions

4-8 information on the HP-IB enters the 6034A through

4-1

the transceivers on 16 bidirectional signal lines. The
transceivers are three-stata devices which either define the
direction of data flow or put the lines into a high impedance
state 30 as not to load the bus. The transceivers connect
directly to the biock labeled Bus Functions, which consists
basically of the Hewlett-Packard CHI device (Chip for HP-IB
Interface) plus some butfers and inverters. This chip im-
plements nine of the ten HP-1B functions. CHI does not impls-
ment the controller function. Between the transceivers and
the bus functions there are five bus management lines, These
lines are used to manage an orderly flow of information across
the interface. They do not control device functions, such as
prograrnming a voitage.

4-G There are also three handshake fines, which function
to synchronize the flow of data between this device and other
devices on the MP-IB. These are RFD (Ready For Data), DAC
{Data ACcepted), and DAV (DAta Valid). For more informa-
tion concerning these signals and the HP-IB, consult any
description of the HP-1B or the [EEE Std 488, In the 6034A,
CHI handshakes with the HP-IB,

4-10 CHI also handshakes with the 6034A microcomputer
10 synchronize events within the 8034A. CHI and the
microprocessor use a two-wire handshake for listen mode,
and a separate two-wire handshake for talk mode,

4-11 In listen mode, RECEIVE READY is sent to CHI to in-

HANDSHAKE is sent from CHI to indicate that data on the
HP-I8 is valid and can be read in,

412 In talk mode, TRANSMIT READY is sent to CHI to in-
dicate that the 6034A is ready to send a byie of data,
TRANSMIT HANDSHAKE is sent negative trug from CHI
while data iz being read on the HP-IB, indicating that data
must be maintained on the DIO lines, TRANSMIT BEADY can
only occur if T.E.1 (Transmit Enable 1) is true, which requires
that ATN be true,

4-13 Eight lines comprise the DIO bus. it carries device-
dependent messages, such as the voliage being programmed,
and commands, such as Talk. In order to differentiate
batween these two types of data on the DIO bus, the ATN
(Attention} line is used, When ATN is true the data is a com-
mand, and when ATN is false the data is device dependent.
ATN is one of the five bus-management lines.

414 The state of the 8034A on the HP-IB is given by the
hus status lines, Because the microcomputer does not normatl-
ly look at the HP-IB, any change of the bus status must be
stored and the microcomputer interrupted. After the
microcomputer has performed whatever task is required by



the interrupt, the microcomputer then continues to run its pro-
aram. Any subseguent change in status, such as a reply to the
8034A's response 1o the inftial interrupt, will require another
interrupt.

4-15 There are five circuits which monitor the bus status
lines and look for change of state. {The bus status outpuls are
used in many of the HP-IB circuits, and are shown by
mremonics in lieu of individual connections.) Any time there
is a change in the bus statys, the change is stored by one of
the monitor circuits, each of which connects to the HP-1B In-
werrupt Monitor and Pulse Generator circuit. In this way the
microcomputar becomes aware that something has changsd
on the HP-IB.

4-18 Serial Poll/Receive
Harndshake Monitor
4-17  SERIAL POLL TRANSMIT ENARBLE (SPTE) indicates

that the B024A is being serial polled and is enabled 1o put its
status on the DIC Iines. SPTE interrupts the microcomputar,
which parforms various tasks required to provide the 6034A
status to tha DIO lines. When the data is ready for the HP-IB,
the microcomputer produces a TRANSMIT READY pulse,
which causes the Serial Poll/ Receive Handshake Monitor ¢ir-
cuii to produce DAYV ENABLE. DAY is part of the HP-1B hand-
shake seguence, and is ordinarily driven true by CHI only after
the microcomputer has generated a TRANSMIT READY
signal. Howsver, CHL drives DAY trus immediately upon
receipt of a serial pell. In order to provide time for the
microcompliter to put the serial poll responss on the DIG fines,
the DAY output from CHI is not connected to the transosivers
until the microcomputer generates TRANSMIT READY,

418 This circuit also monitors RECEIVE HANDSHAKE,
which is used with RECEIVE READY to coordinate com-
munication between CHI and the microcomputer when the
SHAKE low to indicate that data on the HP-18 is valid and can
be read.
4-14 Listen/7.E.1/Talk Mopitor

4-20 Listans and Talk indicate whether the 6034A is ad-
dressed 1o listen or talk, TRANSMIT EMNABLE 1 (T.E.1) in-
dicates that the 60344 is enabled 1o put data onto the HP-1B.
The oputputs of this circuit indicate if thers has been any
changs in the status of Listen, Talk, or T.E. 1.

4.21 Device Trigger Monitor

4-22 A flip-Hop in this eireuit captures the putse which CHI
produces upon recaipt of a DEVICE TRIGGER command from
the controller. DEVICE TRIGGER implements the values that
have been prograrmmed into the 8034A. Another flip-flop in
this circuit remembers the state of DT when data is loaded,
hacause the monitor circuit will be cleared shortly after data is
loaded. i a DEVICE TRIGGER pulse wers ¢ be received aftar
data is loaded but before the circuit is cleared, that pulse
would be lost. The second flip-fip will not let the first flip-flop

ha raset unless the data input to the first flip-flop is the same
as it was when data was loaded.

4-23 Device Clear Monitor

4.24 This circuit captures the pulse which CHI produces
upon raceipt of a REVICE CLEAR command from the con-
troller. DEVICE CLEAR disables the power supply output. The
DC pulse is protected in the same way as described previously
for the DT gircuit.

425 Transmit Handshalee Monitor

4-26 This circuit monitors TRANSMIT HANDSHAKE,
which is used with TRANSMIT READY to coordinate com-
munication between CHI and the microcomputer when the
BO34A is in talk mode. CHI holds TRANSMIT HANDSHAKE
low for as tong as data is required on the HP-IB. Once CHI

determines that data is no longer required on the HP-1B and
can be changed, TRANSMIT HANDSHAKE goes high.

a-27 HE-1B Interrupt Monitor
and Pulse Generator
4-28 This circuit receives inputs from each of the HP-IB

status monitor cirguits and generates 3 pulse whenever there
is an HP-18 status change. This pulse is processed through the
Load/ Bhift Control cireult 1o produce the HP-IB INTERRUPT
signal that passes through isolation to the microcomputer.

4-29 This circuit also decodes the T2 and T3 puises from
the microcomputer to producs the CLEAR INTERRUPT puiss.
CLEAR INTERHUPT does not start until both T2 and T3

and T2 do not oceur at the same instant,

4-30 Load/Shift Control

4-3 The HP-IB INTERRUPT pulse sets a fiip-flop i this
circuit to produce the HP-IB INTERRUPT signal to the
microcomputer, and it also sets the LOAD/EHIFT output to
LOAD. The LOAD/SHIFT signal sets the Data Shifters either
to garallel load in eight hits of data or serally shift data in or
out upon receipt of clock pulses. The fising edge of the LOAD
output from this circuit resets the DT and DC circuits if either
was the cause of the HP-IB intenrupt. (LOAD is prevented from
resetting the circuits if they have received a DT or DC puise
after the HP-1B INTERRUPT pulse was gensrated.)

432 The rising sdge of the CLEAR INTERRUPT pulse
resets the HP-18 INTERRUPT signal, preparing it for another
HPIB interrupt. However, a one-shot timer prevents the
LOAD/SHIFT output from being reset back 1¢ LOAD upon
receipt of a second HP-IB interrupt until all data from the first
interrupt is shifted into the microcomputer,

4-33 Receive Handshake Control

4-34 This circuit produces the RECEIVE READY signal to



indicats to the CHI that the microcomputer is ready to receive
a byte of data. RECEIVE READY can be generated in one of
three ways. In the first case, when the B034A becomes a
listener {\LISTEN and LISTEN) and is not an active talker
{T.E.1), the circuit will praset RECEIVE READY without the
microcomputer’s intervention, Secondly, once the microcom-

puter begins to read in data bytes, SHIFT enables T3 to toggie
RECEIVE READY between true and false. T.E.1 and T.E.1°
determine if either of these first two methods control RECEIVE
READY, or if the third method controls RECEIVE READY. In
this case, the 8034A is addressed fo be both a listener and a
talker. {This condition is aliowed by IEEE STD 488), The
microcomputsr does not handshake, because the 6034A is not

desighed to talk to itself. However, to avoid hanging up the

bus, RECEIVE HANDSHAKE sets RECEIVE READY without
the microcomputsr becoming involved.

4-35 Transmit Ready Control

4.36 When the microcomputer is ready to transmit data on
the HP-1B it sends a TRANSNVHIT READY pulse through isola-
tion to set a flip-flop in this circuit. Once CHI begins data
transmission it drives TRANSMIT HANDSHAKE iow tc in-
dicate that data is being provided 1o the HP-iB and shouid not
be changed. In this circuit, TRANSMIT HANDSHAKE resets
the TRANSMIT READY flip-flop. The flip-flop will also be
reset if the 60344 changes state from being an active talker.
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4-37 Data/Status Multiplexers

4-38 These circuits determine the source of the data sup-
plied to the Data Shifter. When the 6034A is not a talker and
RECEIVE HANDSHAKE is true {TALKARECEIVE HAND-
SHAKE), the Data byte Multiplexer is enabled. DIO bits 1
through 7 from the HP-1B are then transferred to the Data
Shifter, The first bit in the data byte is the complement of the
data byte enable. When the enable is active (low) the first bit
in the data byte will be high. The first bit identifies the data be-
ing supplied to the microprocessor via CRUIN as either a data
byte or a status byte, with bit 1 high signifying data byte,

4-39 The complement of the data byte enable aiso enables
the Status Byte Multiplexer. Therefore, when one multiplexer
is enabled the other is disabled. The status byte contains
seven bits that provide information about changes on the
HP-1B and the present state of the HP-IB. The first bit of the
status byte is tied low, signifying to the microprocessor a
status byte.

440 Data Shifter/Output Buffer

4-41 This circuit has an sight-bit parallel input and an
eight-bit parailel output. It also has a serial input and serial out-
put. LOAD/SHIET determines whether data is paraliel loaded
in or serially shifted in and out. The loading or shifting ocecurs
upon receipt of pulses from isolator T2, Figure 4-2 shows data
flow through the Data Shifter in three cases.

4-42 In Figure 4-2A, DIO bits 1 through 7 are loaded from
the Data Byte Multiplexer info the data shifter by a T2 pulse
when LOAD/SHIFT is in LOAD state, After LOAD/SHIFT

shifter to CRUIN. In Figure 4-2B, data indicating the HP-IB
status is paraliel loaded into the data shifter, Note that one of
the bits, the first one to be loaded into CRUIN, is hardwired
low. This identifies the data as a status byte. Figure 4-2C
shows data being serially Ioadad into the data shifter from the
microprocessor. The data outputs are enabled when the
B034A is enabied to talk or is serial polled.

4-43 Output bits 7 and 8 from the data shifter are con-
nected to the DIO bus through J-state buffers. When the
80344 is addressed as a talker, DIO 7 is driven by the data
shifter/output buffer. However, when the 6034A is serial poll-
ed the DIO 7 data shifter output is disabled and DO 7 is driven
directly by CHI 1o indicate whether the 6034A was requesting
service when it was poiled. (DIO 7 is the only DIO line that can
be driven by CHI.) DIO 8 is driven by the data shifter only dur-
ing serial poll. When the 60234A is addressed as a talker and is
sending data, the DI0 8 output is held high. However, the bit 8
output from the data shifter drives EQl on the MP-1B; EOl in-
dicates last byte,

4-44 Isolation Components

4-45 The HP-1B circuits are isolated from the rest of the
8034A. This allows a system to be configured without a com-

4.5

mon ground reference. Isolation alsc reduces the possibifity of
forming ground loops in complex systems. Potential differences
between different grounds can lead to noise problems that are
difficult to locate and soive. In the 6034A both optical couplers
and transformers are used for isolation to maximize speed and
reliability.
4-46 MICROCOMPUTER

4-47 Figure 4-3 is a block diagram of the microcomputer
section of the 6034A, including the three DACs that program
output vollage, output current, and overveltage protection.
The heart of the microcomputer is the Microprocessor,
Because many of the signals to and from the Microprocessor
are widely distributed, mnemonics are used in fieu of individual
connections to each block, The A9 through A13 and CRUCLK
outputs from the microprocessor are buffered for use in some
circuits. The buffered signals are identified by a primea symbol
{e.g.,, A9}, Note that the A13 output is also used for
CRUOUT, and is identified as A13 (or A13’) wherever it is used
for addressing, and CRUQUT {or CRUOUT') wharever it sup-
plies the CRUQUT signal from the microprocessor.

4-48 Memory Circuits

4-49 The BOM circuit consists of either one 84K masked
ROM or four 18K EPROMs., Factory-set jumpers in the
Memory Address Decoding circuits ensure the microprocessor
accesses the proper address in ROM. The block diagram is
based on 84K ROM, so ROM2, ROM3, and ROM4 arg not
used. Appendix C shows connections used for 16K EPROMs,

4-50 The RAM circuit consists of either two 256-bitiif'§lﬁ\ﬂs
or iwo 1K RAMs. Factory-set jumpers decode the RAMI,

WRITE ENABLE, and addrass inputs for the device in use.

4-51 Microprocessor Interrupts

4-52 Whila the power supply is operating normally, with
no faults and no commands to implement, the microprocessor
program operates in an idle ioop. When the microprocessor is
raquired to perform a task an interrupt must be generated. As
witl be explainad, this will ocour at least every millisecond. The
5034A organizes interrupts into five priority levels, with a high
priority interrupt able to interrupt any lower leval.

453
Although not shown on the block diagram, the bias power
supphies for the HP-1B circuits and the microcomputer ¢ircuits
unregulated dc input to the bias supplies is insufficiant 1o en-
sure proper output from the hias supplies to operate the digital
circuits. Normally this ocours only during power up or down,
or during brownout conditions. The PON circuits are designed
to ensure that during power up and down the PON signal will
exist while the digital circuits are able to operate, so that the
microcomputer will be interrupted, note the PON signal, and
be able to respond 1o a serial poll that PON has occurred.



4-54 The second highest priority interrupt is not shown on
the block diagram, and is used only for manufacturing test at
the factory.

455 The POWER MESH STATUS lines tM1, CC, MZ, CV,
QT, 0V} drive the third level interrupt. Once the

microprocessor has noted a powsr mesh interrupt, the
microprocessor monitors the power mesh continucusly via
CRUIN. The microprocessor then disables the FOWER MESH
INTERRUPT ENABLE so that low priority interrupis can
operate, Note that the POWER MESH STATUS signals only
interrupt the microprocessor via this circuit, they do not telt
the microprocessor the power mesh status, The POWER
MESH STATUS signals are sent to the 1/0 inputs circuit on
the front panel, where they are loaded into the microprocessor
via CRUIN once the microprocessor responds to the interrupt.

4.58 HP-IB INTERRLUPT is the fourth level microprocessor
interrupt. As explained in the HP-IB Circuit section, the
microprocessor has to load a status byte in via CRUIN to
detarmine the exact cause of an HP-IB INTERRUPT.

4.57 The lowest priovity microprocessor interrupt is the 1
MILLISECOND TIMER signal, which comes from the
microcomputer bias power supply circuit, This signal is used
by the microprocessor 1o time the sarvice-request delay after
new cutput values have been programmed. The interrupt also
causes the microprocassor to load CRUIN so it can check the
Rotary Pulse Generator Decoders to determine if the front-
panel QOUTPUT ADJUST control has been tumed and check if
the OUTPUT ADJUST pushbutton is pressed.

4-58 Microprocessor interrupts are encoded onto three
lines, 1C0O, 1C1, and IC2, which connect to the microprocessor,
This threedine code represenis the highest level interrupt
recognized by the microprocassor interrupts circuit,

453 CRU Clock Generator

4-80 Clock pulses are required to shift data from the Data
Shifters across isolation to the microprocessor CRUIN. The
CRU Clock Generator monitors which address the
microprocessor is looking at. When the circuit notes that ths
microprocessor has advanced to the next address, a clock
pulse is generated. Other inputs to this circuit determine
whether the puisa is connected to T2, 73, or both,

4-61 1/0 Address Decoding

4-52 This circuit decodes which address ths
microprecessor is addressing and enables various gates in the
microcomputer circuits and on the front-panel assembly to
detarming where data will be sent to or recefved from. For ex-
ampte, the outputs from this circuit determine whether CRU
Clock pulses are connected to T2 or T3. Other outputs deter-
mine which DAC is loaded, and which 170 Iatches are enabled.

4.8

4.83 DAC Circuits

4-64 The three DAC circuits, one each to control output
voltage, output current, and OVP trip voltage, are similar.
Address lines address each latch in turn, eight for OVP and
twelve each for voltage and current, and data from CRUQUT
is loaded. The analog outputs from the DACs are connecied
to froni-panel reference circuits, whose outputs are compared
1o the actual power supply output.

4-65 FRONT-PAREL ASSEMBLY

4-55 Figure 4-4 is a block diagram of the front-panel
assembly, which containg the microprocessor 1/O circuits,
output current, voltage and OVP reference circuits, the rotary-
puise generator, and the front-panel display circuits.

4-87 I/ inputs

4-68 This circuit multiplexss data concerning the status of
the power mesh, the QUTPUT ADJUST controls, and the CV
and CC readback comparators onto the microprocessor
CRUIN line. Note that CRUIN will be lnaded at least once
every millisecond because of the interrupt generated by the
ims timer, so aven very rapid operation of the QUTPUT
ADJUST controls will be observed,

489 170 Ouptuts

4-7¢ The microprocessor CRUOUT is connected to ad-
drassable latches in this circuit. Sixteen of these latches drive
the LEDs on the front panel. Other outpuis tell the
Microprocesser Interrupts circuit which operating mode is
selected so that circuit can compare the actual operating
mode {CV or CC) 1o the selected mode (M1 or M2). The
microprocessor also uses CRUOUT to reset the Rotary Pulse
Gengrator Decoders and OVP, snable or disable power mash
interrupts, and request service,

4.7 Constant Current Reference Circuit
4.72 The CC reference circuit receives the CC DAC output
signal and produces from it the 0-volt tv B-volt CC program-
ming voltage that is supplied to the CC control circuit on the
conirol board.

4-73 Figure 4-Bis a simplified schematic of the CV and CC
reference circuits, showing the relationship of components on
the HF-IB/microcomputer  assembly and the front-pans
assembly. Reference designators in parenthesis are for CC cir-
cuit components, others are for CV circuit components,

4-74 As can be seen, the analog output from the DAC is
applied to a reference amplifier circuit. The feadback resistors
for the reference amplifier are in the DAC package, 5o that any
temperature-induced drift is self correcting. The reference
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amplifier output is a 0-volt to 5-volt level that is compared to a
voltage repressnting actual power supply output curent
{or voltage).

4-75 The programming voltage is also applied to a com-
parator in the constant current reference circuit block (not
shown on the simplified schematic) and compared to the
-MONITOR AMPLIFIER QUTPUT, a voltage that is propor-
tional to actual powsr supply output current. This comparator
is used for reading back the output current when the power
supply is operating in CV mode, as follows.

4-76 When the microprocessor is asked to transmit to the
controller the actual output current {the controller knows the
programmed limit), the microprocessor starts to program pro-
gressively lower output current values, one bit at a time. Even-
tually the CC PROGRAMMING VOLTAGE becomes equal to
or slightly lower than the |-MONITOR AMPLIFIER QUTPUY
voltage, and the readback comparator changes state. The
comparator’'s output goes low 1o indicate that the CC DAC
output is proportional to the power supply output current. The

4-9

microprocassor then knows that the most recently programm-
ed output eurrent equals the actual output current from the
power supply. The micraprocessor encodes that value for
transmission to the controller, and the microprocessor
restores the current limit previously programmed.

4-77 Constant Voltage Reference Circuit
4-78 This circuit is similar to the constant current reference
circuit. The CV DAC OUTPUT produces the CV PROGRAM-
MING VOLTAGE, and the CV DAC OUPTUT is compared to
the + Sense lines to read back the actual power supply output
voltage when the unit is operating in CC mode.

4-79 Voltmeter Range Circuit

4-80 The voitmeter is designed 1o blank the display if it
goes overrange. This circult monitors two segments of the
most significant whole digit to note if the display goes blank,
and switches in greater attenuation to the voltmeter input.
This circuit also enables the proper decimal point for high or



low range, The OVP DISPLAY pushbutton on the front panei
causes the rangs circuit to switch to high range, turn on the
OVP SET indicator, and connect the OVP TRIP VOLTAGE to
the voltmeter input.

4-81 Rotary Pulse Generator Decoders

4-82 When rotated, the rotary pulse gensarator (RPG) pro-
duces two pulse trains that are 907 phase shifted from each
other. This circuit contains two flip-flops that moniter the RPG
outputs. The output of one flip-flop goes high to indicate that
the RPG has been rotated, and the output of the other goes
high to indicate CW rotation or fow to indicate CCW rotation.
After the microprocessor notes, vis CRUIN, that the RPG has
been rotated, the microprocessor resets the RPG Decoders.

4-83 Because the microprocessor checks CRUIN at least
every millisecond, it can determineg if the RPG is being turned
rapidly {for a large change) or slowly {for fine adjustment), and
the microprocessor varies the rate it changes the DAC inputs
accordingly.

4-84 Voltmeter and Current Meter

4-85 The voltmeter measures the attenuatad sense voliage
or the OVP trip voltage from the voltmeter range circuit and
displays the valug on a 3% digit readout. The voltmeter range
circuit Hghts the appropriate decimal peoint for either range.
The current meter measures the output of the current-monitor
amplifier on the control board. The current meter has a fixed
decimal point.

4-86 POWER MESH AND CONTROL
BOARD

4.87 The basic operating concepts of the powsr mesh are
shown on the simplified schematic, Figure 4-7, and described
in the following paragraphs. The beginning paragraphs
describe the basic difference between an autoranging powser
supply and a conventional CV/CC power supply in terms of
the available outpui, and provide an overview of the basic
theory of operation. Later paragraphs describe the functions
of each of the hlocks on the simplified schematic. The heavy
lines represent the input rails end output rails.

4-88 The basic difference between an autoranging power
supply and conventional types of Constant Voitage/Constant
Current (CV/CCi power supplies can be seen by comparing
the output characterisitics of each. A conventional CV/CC
power supply can provide maximum output power at only one
combination of output voltage and current, as shown in Figure
4-8A. The range of a power supply can be extended by design-
ing an instrument with two or more switch-selectable
voltage/current ranges within the maximum power oufput
capability, as shown in Figure 4-68. An autoranging power
supply provides maximum output power over a wide and con-
tinuous range of voltage and current combinations, as shown
in Figure 4-6C, without the aperator having to saisct the pro-
par ouiput range.

4-89 The B034A is a flyback-type switching power supply,
so-cailed from the flyback techniquea of generating high
voltage in televisioh receivers. In the B034A, energy is stored in
the magnetic field surrounding a transformer while current
flows in the primary, and is transferred to the secondary circuit
when current flow in the primary is turned off. Current flow in
the primary is controlled by a pair of FET switches which are
turned on and off at a 20 kHz rate by a pulse width modulator.
Reguiation is accomplished by controiling the on tima of the
FET switches. On pulses are generated by a clock circuit, Off
pulses are generated when current flow in the primary has
stored enough energy for the output circuit, which is deter-
mined as follows,

4-30 The output woltage and current are compared to
reference voltages set by the DACs and referance circult to pro-
duce a control voltage. The control voltage indicates the
arnount of power required by the output circuit. Current flove
in the primary circuit produces a ramp voltage that represents
the amount of energy being stored for transfer to the output
circuit. An off pulse is generated when the ramp voltage ex-
ceeds the control voliage.

4-91 Input AC Circuits

4-92 Primary power is connected to the input rectifier and
input filter. Jumper W1 is used only for 100 V or 120 V opera-
tion to connect the input filter as a voltage doubler, so that for
any nominal input voltage the input filter charges to approx-
imately 300 volts dc. Thermal resistors RT1 and RT2 have high
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resistance when cold to limit inrush current when the instru-
ment is first turned on and capacitors in the input filter charge
up. When the instrument is turmned off, the input filter
capacitors discharge slowly and the thermistors cool off.
Therefors, it the mstrument is turned on again within 30 to 69
seconds of being turned off, inrush current s limited by the
combined effects of the remaining charge and thermistor
rasistance.
493 DL to DO Converter

4-84 Current flow from the input rails through power
transformer 71 is comtrolled by FET switches Q1 and (2. On
and off signals for the FETs are derved from the Pulse Width
Modulator, as will be desciibed shortly. The on pulses are ap-
plied through diodes CR12 and CR11 to the gates of 01T and
Q2. Although the on pulse is only about 1.5y sec duration, the
FETs" input capacitance hold the FETs on after the on pulse
has disappeared.

4-85 When the FETs are turned on, current flows through
the primaries of power transformer T1 and primary-current

monitor transformer T2, The output rectifier CR13 is reverse
hiased and biocks current flow in the T1 secondary. Consa-
quently, energy is stored in the figld that builds arcund the T1
transformer windings. The longer that voltage is applied to the

4-11

FET Control Signals Thming Diagram

primary, the more energy is stored. Current flow in the secon-
dary of T2 develops the Ip RAMP VOLTAGE across resistor
AZR118. The amplitude of this linearily increasing voltage cor-
responds to the amount of current flow through the T1
primary; therefore, it represents the amount of energy being
stored in the field around T1. It is this Ip RAMP VOLTAGE
that is compared to a control voltage to determine when the
FETs should be turned off.

4-86 When the FETs arg turned off, the collapsing
magnetic field reverses the polarity across the T1 primary and
sacondary, and current flows from T1 secondary through out-
put rectifier CR13 to charge output capacitors ©18, C17, and
C18. The level 1o which the output capacitors are charged cor-
responds 1o the length of time that the FETs are on and cur-
rent flows in T1 primary.

4-97 When the FETs turn off, the leakage inductance of T1
develops a small amount of reverse current flow in the primary
circuit. Flyback diodas CRE and CRS protect the FETs by con-
ducting this current around the FETs and back to the input
filter.

4-98 it can be seen that the power available in the output
circuit corresponds to the duty cycle of the FET switches, The
following paragraphs describe the method by which output
voltage and current are sensed to control the FET duty cycle.



4-99 Constant Yoltage (LV)
Control Circult
4-100 The Constant Voltage (CV} Controb Circuit com-

pares a percentage of the output voliage to the CV PRO-
GRAMMING VYOLTAGE set by the reference circuit on ths
front panal. Any difference is amplified to establish a control
voltage.

4-11 Amplifier A2U13 compares a fraction of the 6034A
output voltage at the + Sense terminal to the programming
voltage. The output of A2U13 is applied 1o a second com-
parison amplifier, A2U14A, This amplifier compares the out-
put of A2U13 to a fraction of the Inboard + Qut, which is the
+ output voltage sensed at the inboard side of the ouiput
filter. Use of two comparison amplifier loops provides increas-
ed stability for load variations.

4-102 In normal CV mode, the output of AZU14A varies
betwaen = ~0.5 volts and = + 1.0 volts. It is at #s most
negative when the load is drawing little or no power from the
instrument. Progressively more-positive voltages from
AZUT4A correspond 1o increased power demand by the load.,
The output from the CV Circuit is applied to diode A2CR18.
4-903 Constant Current {TC)
Control Circult

4104 Operation of the Constant Currant (CC) Control Cir-
cuitis similar to the CV Circuit. Qutput current from the 6034 A
devalops a voltage across the current-monitor resistance (Rpy)
consisting of K28 and R29. Thiz voltags is amplified and buf-
fered by the I-Monitor Amplifier to isolate the output from cur-
rents in the CC Circuit. In normal CC mode, the output from
the CC Circuit also varies between = - 0.5 voits and = + 1.0
volts, and is applied to diode A2CR19.

4-105

4-106 The outputs of the CV And CC Circuits are apnplied
to diodes that connect to a wired-OR junction. Whichever cir-
cuit is requesting less power will forward bias its output diode
and deterimine the voliage at the wired-OR junction. As stated
earlier, the outpuls vary between --0.5 volts and + 1.0 volts,
with the more negative levels representing lower power
demands. The wired-OR junction at the anodes of A2CRK18
and AZCR19is biased to + 1.5 volts, Therefore, whichever cir-
cuit, OV or CC, produces the more negative output will causs
its output diode to be forward biased and thereby determine
the CONTROL VOLTAGE. This CONTROL VOLTAGE is com-
pared to the |p RAMP VOLTAGE to determine when the FET
switches are tumed off.

Control Voltage

4-107 For example, assume the output from the CV Circuit
{A2U14A) i3 + 0.2 volts and the output from the CC Cireuit
{AZUT4CH is + 0.8 volts. A2CR18 will be forward biased and
the wired-OR junction will be held at + 0.8 volts {includes the
0.6 volt drop across AZCR18). A2ZCR19 wil be reverse biased,
s0 the CC Circuit will have no effect,

4-108

4-108 The FET Switches are turned on and off at a 20 kHz
rate by signals derived from the Puise Width Modulator
(PWM). On pulses are inititated by the 20 kHz clock signal. Off
pulses are inititated when the |p RAMP VOLTAGE {which in-
dicates the amount of energy being stored for transfer 10 the
output circuit) exceeds the CONTROL VOLTAGE (which in-
dicates the amount of power required by the output circuit),
Figure 4-B is a timing diagram showing the relationship of
various signals that control the FET switches.

Pulse Width Modulator

4-110 The more negative lavel of the 20 kHz AZUS5 output
resets both flip-flops AZUSA and AZU9SB and holds them reset
until the AZUS output goes positive. Then, the next positive
edge from the output of the 320 kHz oscillator triggers A2U9A,
triggering A2U9B and one-shot multivibrator  AZU10A, The
FET switches are turned on, current flows through
transformer T2, and lp RAMP VOLTAGE starts to rise.
When |p RAMP VOLTAGE exceeds the CONTROL
VOLTAGE, the output of A2U12 changes state and flip-flop
A2UBSRB is reset, triggering one-shot multivibrator A2U1T0B to
produce an off pulse.

4111 PWM Fast Turn Off

4-112 Figure 4-8 shows that there is a delay between the
time when the CONTROL VOLTAGE is exceeded at A2U12
and the time when the FETs turn off. This delay consists of the
comparator switching time, gate delays, transformer delay,
and FET turn-off time, and i results in a certain amount of
power begin transferred 1o the output after the desired off
time. if the CONTROL VOLTAGE is a a very low level (unit
supnlying little or no output power}, this power may excead
the amount reguired by the load. To offset this, the PWM is
designed to reduce the minimum on-time of the FETs if
necessary to reduce the powsr transferred to the output cir-
cuit. When the 20 kHz clock goes high {allowing the PWM 1o
be iriggered by the next 320 kHz signal), A2C17 charges
rapidly and exponentially 1o a low level. If this level exceeds
the CONTROL VOLTAGE, the PWM injlates an off pulse,
wrning off the FETs immediately afler they have turned
on. Although the charge on AZC17 can exceed the CONTROL
VOLTAGE and change the output state of comparator AZU12
aven before the FET switches have turned on, circuit delays
of the off pulse are such thai the FET switches will be turned
on each cycks {assuming the PWM is not inhibited by other
circuits).
4-112 Primary Current {ip} Limit

4-114 ip RaMP VOLTAGE is also compared to a preset Ip
LT at comparison amplifier A2U48. 1p LIMIT is & factory-
set adjustment that fimits the total power output of the instru-
ment, Ordinarily, the PWM generates an off pulse when ip
RAMP exceeds the CONTROL VOLTAGE at A2U12, and ip
RAMFE never reaches Ip LIMIT at AZU4AB. However, if the CON-
TROL VOLTAGE is excessively high {both CV and CC program
ming voltages set to ralatively high values), (Ip RAMP will ex-

4-13



ceed ip LIMIT. The output of AZU4B changes state, initiating
an off pulse,

4115 As an additional protection feature, if nothing else
resets flip-flop A2U9B (such as the control circuit, over
temperature, dropout, or overvoltage), it will be reset by the
next negative Jevel from A2UB, triggering A2U10B to generate
an off pulse. Thersfore, maximum duty cycle is always lass
than 50%.

4-116 Bleed Circuit

4117 This circuit enables the B034A to regulate propetly
even at very low output current and/or voltage levels. The cir-
cuit conducts approximately 25 milliamperes from the +out-
put fine to the -8 V supply, thereby ensuring that the FET
switches will be turned on each cycle even if the load is draw-
ing fittle of no power. As the output voltage is increased, R31
becomes the predominate path for bleed current.

4-118 Down Programmer

4-119 This circuit allows the output voltage to be lowered
rapidly when required. In order to lowsr the output voltage itis
necessary to discharge the output filter capacitors (typically,
through the load). In situations that reguire the output voltage
to drop mere rapidly than can be accomplished through the
load, the Bown Programmer pulls the output line to a low level
and discharges the capacitors. This action can be triggered by
one of four conditions: The CV Circuit programs a lower out-
put voltage, an overvoltage is detected on the output, primary
power dropout is detected. or the power supply is disabled,

4-120 A long-carryover bias supply associated with the
Down Programmer stores enough energy to operate the
Down Programmer after loss of primary power. This ensures
that the Down Programmer will be able to discharge the out-
put circuit completely when primary power is turned off.

4121 The Down Programmer is disabled by U1A approx-
imately seven seconds after being triggered. This prevents the
circuit from trying to sink current continuously from a parallel
connacted power supply,

4-122 Overvoltage Protection Gircuit

4-123 The Overvoltage Protection Circuit monitors the
output voltage across the + Out Line and circuit common
- Out Line}. If the output voltage exceeds a preset limit, set by

the OVP Reference circuit on the front panel, the Overvoltage
Protection Circuit inhibits the PWM, triggers the Down Pro-

grammer and latches itself until the instrument is reset or
turned off.

4-124 The Overvoitage Protection Circuit operates from
the long-carryover bias supply associated with the Down Pro-
grammer. By ensuring that the bias voltage remains high unti
after the + Qut reaches zero volts when the instrument is
turned off, this festure prevents the Overvolitage Protection
Circuit from latching i the unit is turned back on again
immediately after turn-off.

4-125 AC Dropout Dectector

4.178 The AC Dropout Detector operates 1o shut down
the power mash when primary power is turnad off or lost. it in-
hibits the PWM so that the FETs cannot be turned on in-
advertently while the control circuits may be dropping out,
and it ensures that the output circuit is completely discharged.
Power dropout is detected by a ramp Gircuit that is reset by the
ractified ac pulses in the unreguiated +5 V. If the ramp is not
reset within approximately 20 milliseconds of the previous
reset, the AC Dropout Detector inhibits the PWM and triggers
the Down-Programmer,

4-127 Bias Voltage Detector

4-128 The Bias Voltage Detector inhibits both the PWM and
On Driver when the instrument is turned on until the
internal +5 V supply stabifizes, thus snsuring that the FET
switches cannot turn on before the control circuits are able to
operate. When the instrurnent is turned on, the outputs of the
bias power supplies begin e rise from 0 volts. When the out-
put of the + 5V Reguiated supply reaches approximately 1 volt,
transistors in the Blas Voitage Detector turn on and inhibit the
PWM and the On Driver. The inhibit signals remain on until the
output of the + 5V Unregulated supply excesds approximate-
ly + 8 volts, at which point the + 5 V Regulated supply is cer-
tain to be stablizied.

4-12% The Bias Voltage Detector also inhibits the PWM
and On Briver in “brownout” conditions if the ac line voltage
falis below approximately 70% of nominal,

4-130 Over Temperature Detector

4-131 Thermostat TS1 is mounted on the FET heatsink in
the fan airflow. If the FET case temperature rises excessively
{from high external air temperature and/or internally generated

heat) TS1 opens and inhibits the PWM until the temperature
drons. The cooling fan continues (o operate,



Section V
MAINTENANCE

51 INTRODUCTION

57 Upon receipt of the power supply, the performance
test {paragraph 5-5) can be made. This test is suitable for in-
coming inspection. If a faull is detected in the power supply
while making the performance test or during normal opera-
fion, proceed to the troubleshooting procedures.  After
troubleshooting and repair {paragraph 553} perform any
necessary adjiustments and calibration (paragraph 5-121). RBefore
returning the power supply to normal aperation, repaat the ap-
plicable portions of the performance test to ensure that the
fault has besn properly corrected and that no other faults
axist,
5.3 TEST EQUIPMENT REQUIRED

5-4 Table 5-1 lists the tast equipment required to perform
the various procedures described in this section.

Lo PERFORMANCE TEST

5-6 Ths following test can be used as an incoming in-
spection check and appropriate portions of the test can
be repeatad o check the operation of the instrument
after repairs. The tests are performed using the specified
nominal input voltage for the unit. If the corract result is not
obtained for a particular check, proceed to troubleshooting
{paragraph 553).

5.7 Measurement Technigues

5-8 All specifications are measured at the rear terminals of
the power supply. Also, all tests are performed with the supply
strappet for local programming and sensing, as shown in
Figure 3-3. The wires used to connect the load to the supply
should be heavy enough to ensure that they will drop less than
0.5V, The procedures are written for use of iocal (front-panel)
cantrols. However, output voltage and current can be set
via HP-iB3.

59
ad with varying amaounts of load resistance connecied across
the supply. For maost of the constant-voltage tests, the value of
load resistance must be 242 1o permit operation of the supply at
20V and s maximum-output-power-rating current of 10 A,
For the constant-current tests, the load resistance must be
approximately 18 O tc permit operation at 3.3 A and its
maximum-ouiput-power-rating voltage of 80 V. The power
rating of the load resistance must be at least eqgual to the max-
i output power of the supply: 230 watts,

Selecting a Load Resistor. Specifications are check-

51

£-10 Either fixed or variable {rheostat type} load resistors
can be used. However, a rhaostat is very convenient when
changing values and for accurately setting the cutput current
of the supply. Table 5-1 lists a rheostat that is adequate for this
supply. For clarity, #lustrations in this section show the
rheostat as a single resistor, although the recommended unit
is & twin resistor model to provide adequate current capacity.
H fixed resistors are used, their tolerance must be accounted
for when evaluating the test results.

511 Connecting a Current-Monitoring Resistor, To
allow precise measuremant of output current, a current-
monitoring resistor is inserted between the output of the
pawer supply and the load resistance. This resistor must be
connected as a four-terminal device in the same manner as a
mater shunt would be (see Figure 5-1). The load current is fed
10 the extremes of the wire leading to the resistor, whils the
monitoring terminals are located as ciose as possible to the
resistance element itself. A current-monitoring resistor should
have low noise, a low temperature coefficient {less than 30
ppm/ °C}, and should be used at no more than 5% of its rated
power 50 that its temperature rise will be minimized.

GURRENT MONITORING

TERMINALS
B,
TG NEGATIVE °§ P f T PUSITIVE
TERMINAL OF —o-—yv)\'r—o TERMINAL OF
POWER SUPPLY & S POWER SUPPLY

CURRENT -MONITORING
RESISTOR
LOAD TERMINALS

Figure 5-1. Current-Monitoring Resistor Terminals

5-12 Constant Voltage Tests

5.13 Connect ali of the measuring devices used in the
constant-voltage performance tests directly 1o the power sup-
ply sensing terminals { + 3, - S}, For best accuiacy, the sens-
ing terrninals must be used rather than the output tarminals,
since the measuring instruments must be connected 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 or ripple of the power supply.
A measurement made across the ioad includes the impedance
of the leads to the load, and such lead lengths can easily have
an impedance several orders of magnituds greater than ths
supply impedance typically < 1 millichm at de). thus in-
validating the measuremeant.



Table 5-1. Test Equipment Required

Reguired Recommended
Type Characteristics Use Modet
Oscilloscope Sensitivity: T mV Troubleshooting, HP 1740A
Bandwidth: 20 MHz measure ripple and
noise spikes.
Isolation Transformer 1T KVA Troubleshooting
RMS Voltmeter Trug RMS, 10 MHz Measure ripples HF 3400A
bandwidth, T mV sensitivity
Variable Voltage Capable of handling 0 line Vary ac input for line
Autotransformer voltage + 15% at 5.5 amps regulation measurement
and troubleshooting,
Multimeter Resolution: 12uV Measure ac and dc HP 3455A

Accuracy: 0.02%, b% digit

voltages, resistance, and
for rroubleshooting
and calibration.

Resistive Load

250 Watts

Power supply load
resistor (rheostat or
fixed resistors.}

James G. Biddle
non-inductive rheostat
A11KNBAGT

Current-Monitoring
Resistor

Value: 100 Mv @ 10 A {10 m$]
Accuracy: 0.003% *

Measure output current,
calibration

*Leeds and Northrup

Modei 4222-8, G.0110
3.003% Accuracy, 10 Watts

Terminating Rasistors

Value: 800 5%,
non-inductive
{four reguired)

Noise spike measurement

Biocking Capacitors

Value: 0.0txF, 100 Vdc
(two required}

Noise spike measurement

Switch SPST, 16A capacity @ 60 V Load effect tests

Signature Analyzer Troubleshooting the HP 50044
HF-18 and microprocessar
circuits.

Controller Full HP-1B capabilities Troublashooting HP B85
calibrating and or
verifying operation. HP 9825

Logic Pulser Troubleshooting HP 546A

DC Power Supply 0-40 volts, 0-2 amps Troutleshooting HP 62568

Resistor 1K €, 180, /8 W Calibration 0757-0280

metal film
Precision 3C Supply 0-60 V, 0-50 mA Calibration HP 6116A

Resolution: tm V
High Stability

*The recommended current-monitor resistor is designed to be operated in an oil bath to maintain temperature stability.
However, satisfactory results will be obtained by monitoring the resistor temperature and ensuring that it does not change
mare than 5°C during the procedure. Less accurate, and less sxpensive current-monitor resistors can be used, but current

programming accuracy specifications must be reduced accordingly.

5-2




5-14 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 cables to
avoid pickup on the measuring leads, Connect the load
resistor across the output terminals as close to the supply as
possible. When measuring the constant-voitage performance
specifications the current control should be set at lsast 2%
above the output current the load will draw, since the onset
of copstant-current operation could cause a drop In output
voltage, increased ripple and other performance changes not
properly ascribed to the constant-voltage operation of the
supply.

5-18 Rated Voltage and Voitmeter Accuracy. To
check that the supply will furnish its rated output voliage, pro-
ceed as follows:

a. Connect test setup shown in Figure 5-2. Set R o
maximum resistance initially.

b. Turn on supply and turn up output voltage. If unit
switches to CC LIMIT mode, use OUTPUT ADJUST
controls to increase CC limit so that unit remains in
CV mode.

C. Adjust output voltage until digital voitmeter {DVM}
indicates exactly 60 V (maximum rated output
voltage}.

. Front-panel voltmeater should indicate 60.0.

e. Disconnect DVM from power supply sense terminals
and connect DVM across current-monitoring resistor
{Rp)-

f. Reduce resistance of R until DVM reads 33 mV, in-
dicating that current output is exactly 3.3 A {rmax-
imum rated power output), Ensura that power supply
remains in CV mode.

g.  Disconnect DVM from Ry and reconnect DVM to
power supply sense terminals.

h, DVM and front-panel voltmeter should both indicate

516 ioad Effect (Load Regulation).

Definition: The change in the static value of dc output
voltage (LEqyT) resulting from a change in load resistance
from open circuit to a value which yields maximum rated out-

put current, or from the latter value to open circuit,

517 To check the constant-voltage load sffect, proceed
as folows:
a. Connect test setup shown in Figure 5-2.

b. Turn on supply and turn up output voltage. If unit
switches to CC LIMIT mode, use OUTPUT ADJUST
controls to ingrease CC limit so that unit remains in
CV mode.

c. Adjust output voltage until DVM indicates 20 V.

d. Disconnect DVM from power supply sense terminals
and connect DVM across Rpg.

£, Adjust resistance of Ry until DVM reads 0.1V, in-
dicating that current cutput is exactly 10 A (max-
imum rated output current}. Ensure that power
supply remains in constant-voltage mode.

f. Disconnect DVM from Rpq and reconnect DVM to
power supply sense terminals.

a. Open switch 51 to disconnect load.

h Record voltage indicated on DVM,

i Close switch 81 to reconnect load.

i Wait a few seconds only to allow DVM t¢ settle.
Reading on DVM should not differ from reading of
step h by more than § mV.

5-18 Source £ffect (Line Regulation}.
Definition: The change in the static value of dc output

over the specified range from low ling to high line, or from
high line to low line.

519 To check the source effect, proceed as follows:

80 V. a. Connect test sstup shown in Figure 5-2.
POWER SUPPLY DIGITAL VOLTMETER
Ac—" T AC
GND - E""M—'\ GND

TWISTED PaIR

) -
-

Figure 5-2. Constant-Voltage Test Setup
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b. Connect variable autotransformer between input
power source and power supply ac powsr input.

C. Adjust autotransformer for low line voltage
{paragraph 2-20).

d. Turn on supply and turn up output voltage. i unit
switches to CC LIMIT mode, uss QUTPUT AJDUST
conirols to increase CC limit so that unit remains in

CV mode,

€. Adjust ocutput voltage untii DVM indicates exactly
60 V.

f. Disconnect DVM from power supply sense terminals

and connect DVM across Rpa.

Adjust resistance of Ry untdl DVM reads 33 mV, in-

dicating that current output is exactly 3.3 A, Ensurs

that power supply remains in CV mode,

h. Disconnect DVM from Ry and reconnect DVM 1o
power supply senss terminals.

i Racord voltage indicated on DVM.

Adjust autotransformer for high line voltage,

k. Reading on DVM should not differ from reading of
step i by more than 4 mV.

@<~
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520 PARD {Ripple and Noisel.

Definition: The residual ac voltage supsrimposed on the
de output of a reguiated power supply. Ripple and noise
measurements may be made at any input ac line voltages com-
bined with any dc output voitage and current within the
supply's rating.

B-21 The amount of ripple and noise present on the power
supply output is measured either in terms of Hs rms or
(preferably} peak-to-peak value. The peak-to-peak measure-
ment is particularly important for applications where noise
spikes could be detrimental to sensitive inads such as logic cir-
cuitry. The rms measurerment is not an ideal representation of
the noise, because fairly high output noise spikes of short
duration can be present in the rippie without appreciably in-
craasing the rms value.

522 Ripple Measurement Technigues. Figure B-3A
shows a method of measuring ripple using a single-ended
true-reading AMS voltmster or oscilloscope. The power
supply output terminals should not be connected to ground at
the power supply terminal strip to prevent current from flow-
ing through a ground loop: and adding to the measured signal,
Also, 10 ensurs that no potential difference exists between the
supply and the AMS volimeter, it is recommmended that they
both be plugged into the same ac power bus. if the same bus
cannot be used, both ac grounds must be at earth ground
potential.

5-23 To minimize pickup, a twisted pair or (preferably) a
shieided cable should bs used to connect the sensing ter-
minals of the power supply 10 the input of the RMS voltmeter,
The common mode choke is recommeanded to minimize poten-
fiat interferance of common moede noise with the ripple
measurement, To verify that the RMS volumeter s not
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Figure 5-3. Constant-Voltage Ripple Test Setup



measuring rippte that is induced in the leads or picked up from
ground, short the voltmeter + sense lead to the voltmetar
- sense lead at the power supply output terminats, If the test
setup is properly configured, the noise value obtained when
the teads are shorted should not be significant compared t©
the measured ripple value,

5-24 In some cases it may be dasirable to use a differential
oscilloscope to display ripple, as shown in Figure 5-38.
Because of its common-mode rejection, a  differental
oscitloscope displays only the difference in signat between ils
two vertical input terminals, thus ignoring the effects of any
gommon-mode signal produced by the difference in the ac
potential batwsen the power supply case and the oscilloscope
cass. Before using a differential-input oscifoscope, however,
i iz imperative that the commen-mode-rejection capability of
the oscilioscope be verified by shorting fogether its two input
leads at the power supply and cbserving the trace on the CRT.
If the trace is a straight line, then the oscilloscope is properly
igroring any common-mode signal prasent. If the trace is not
a straight line, then the oscilloscope is not rejecting the
ground signal and must be realigned in accordance with the
manufacturer's instructions so that proper conynon-moda re-
jection is attzined,

575 Ripple Measurement Procedurs. To check the rip-
ple outpul, proceed as follows:

a. Cannact ong of the test setups shown in Figure 5-3.

b. Turn on supply and tum up output veoltage. I unit

switches to CC LIMIT mode, use OUTPUT ADJUST

controls to incigase CO limit so that anit remains in

5-26 MNoise Spike Measurement Technigues, An in-
strument of sufficient bandwidth must be used when making a
high-frequency spike measurement. An oscilloscope with a
bardwidth of 20 MHz or more is adequate. Measuring noisa
with an instrument that has insufficient bandwidth may
conceat high-frequency spikes that could be detrimental to the
load.

5-27 A single-ended  measurement  {replacing  rms
voltmeter in Figure 5-3A with an oscilloscope) s usually not
adeqguate for measuring spikes; a differential oscilloscope &
nacessary. The common-mode-rejection capability of the
oscilloscope must be verified as described in Paragraph 5-24,

Bh-28 Figure 54 shows the test setup used to measure
noise spikes. Two coaxial cables must be used. lmpedance-
matching resistors must be included to eliminate standing
waves and cable ringing, and capacitors must be connected to
block de¢. The (ength of the test leads outside the coaxial cable
sheuld be kept as short as possible. The blocking capacitor
and img)edamewmm.,lung rasistor should be  connected
directty from the inner conductor of the cable to the power
supply sensing terminal. Notice that the shisids of the two
coaxial cables are not connected to the power supply, becase
such 2 connection would provide a ground current path
through the coaxial shigld and result in an erronsous measure-
ment.

5-29 Noise Spike Measurement Procedure. To check
the noise spikas, proceed as follows:

a. Connact the test setup shown in Figure H-4.

b Tuin on supply and twm up output voltage. I unit
switches to CC LIMIT mode, use QUTPUT ADJUST
controls to increase CC limit so that unit remains in
CV mode.

CV mode.
o, Adiust outputr voltage and B so that front-panel
meters indicate 40 V and 5.7 A,
d. Ripple should be less than 3mV.
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c. Adjust output voltage and Rp so that front-panel
meters indcates 60 V and 3.3 A.

d. Because the impedance-matching resistors con-
stitute a 2-to-1 attenuator, the noisa spikes observed
on the oscilloscope should be lass than 15 mV p-p
(instead of 30 mV p-pl.

5-30 The circuit of Figure 5-4 can also be used for the
display of fow-frequency ripple. Simply remove the four ter-
minating resistors and the blocking capacitors and substitute a
high-gain vertical plug-in for the wide-band plug-in required
for spike measurements.

5-31 Load Translent Recovery Time.

Definition: The time X'’ for output voltage recovery 10

within “'Y" millivolts of the nominal output voltage following
a "Z'" amp step change in load current, where: 'Y is specified
as 75 mV; the nominal output voliage is defined as the dc ievel
halfway between the static output voltage before and after the
imposed load change; and “"Z" is the specified lvad current
change of from 80% to 100% (or vice-versa) of maximum cur-
rent 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
ana-shot displays are difficult to observe on most oscilioscopes
and the arc energy oceurring dusing switching completely masks
the dispiay 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 55 be used for
feading and unloading the supply. When this load switch is con-
nected to a 680 Hz ac input, the mercury-welted relay opens
and closes 60 times per second. The 25 k control adiusts the
duty cycle of the load current switching o reduce jitter in the
oscilloscope display. This relay may also be used with a b0 Hz
ac input.

5-34 Measurement Procedure. To check the ioad tran-
skent recovery time, procsed as follows:

a. Connect load resistor Ry {Figure 5-5} across output
of supply. Do not connect R 2 and load switch at
this time.

b. Turn on supply and adjust output voltage for 20V on
front-pangt maeter, If unit switches to CC LIMIT
mode, use OUTPUT ADJUST controls to increase
CC limit so that unit remains in CV mode.

c. Adjust By 1 for approximately 2.22¢ (3A on front-
panal current meter). Increase CC limit as necessary
s0 that unit remains in CV mode.

d. Turn off supply and connect R 2 in parallel with Ry 1.
Do not connect load switch yet.

e, Turn on supply and adjust output voitage to 20 V. In-
crease CC limit as necessary so that unit remains in
CV mode.

f. Set R| 7 for approximately 20.2 Q (24} total resistance
across supply) by adjusting R2 until 6034A output

5-8

is 20 V and 10 A. increase CC limit as necessary so
that unit remains in CV mode.

Turn off supply and connect load switch and load
resistors as shown in Figure 5-5.

Turn on supply and adjust output 1o 20 V and 10 A.
Close line switch on repetitive load switch setup,
Set oscilloscope for internal sync and lock on either
the positive or negative load transient spike.

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

Adjust the vertical centering on the scope so that the
tail ends of the low-load and full-lcad waveforms are
symmetrically displaced about the horizental
centerline of the oscilloscope. The centerline now
represents the nominal output voltage defined in the
specification.

Adjust the horizontal positioning control so that the
frace starts at 2 major graticule division. This point
then represents time zero.

Increase the sweep rate so that a single transient
spike can be examined in detail,

Adijust the sync controls separately for the positive
and negative-going transients so that not only the
recovery waveshape but also as must as possible of
the rise time of the transient is displayed.

Starting from the major graticule division represent-
ing time zero, count to the right ImS and vertically
75 mV, recovery shouid be within these tolerances as
lustrated in Figure 5-8.
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5-35 Tempersture Cosfficient.

Definition: The change in output voltage per°C change in
ambient ternperature measured while ac iine voltage, output
voltage setting, and load resistance are ail held constant.

5-36 The temperature coefficient of a power supply is
measured by placing the unit in an oven and varying the
temperature over any span within the power supply’s rating.
The powsr supply Tamperature must be allowed to stabilize for
a sufficient time at each measuremen? temperature,

5-37 The temperature coefficient given in the specification
table is the maximum temperature-dependent output voltage
change which will result over any ong-degree interval. The
digital voltmater used to measure the supply’s output voltage
change should be placed outside the oven and should have a
tong-term stability adequate to insure that its dritt will not
affect the overall measurement accuracy.

5-38 To check the tamperature coefficient, proceed as
foliows:
a. Connect load resistance and digital volimster as il-

lustrated in Figure 5-2.

b. Turn on suppily and turn up output voltags, o unit
switchas to CC LIMIT mode, use QUTPUT ADJUST
controls to increase CC Hmit so that unit remains in
CV mode,

C. Adjust output voltage uniil BDVM indicates exactly 60
V {rmaximum rated output voltage).

d. Disconnect DVM from power supply sense terminals
and connect DVYM across current-monitoring resistor
{Rpa).

. Reduce resistance of Ry until DVM reads 33 mV, in-
dicating that current output is exactly 3.3 A {max-
imum rated power output). Ensurs that power supply
remains in CV mode.

5-7

f. Disconnect DVM from Rpq and seconnect DVM to
power supply sense terminals,

g. Place powsar supply in tempsrature-controlled oven
{DVM remains oulside oven}. Set femperature ic
30°C and allow 30 minites warm-up.

h. Record DVM reading.

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

3 Observe DVM reading. Difference in voitage reading
between steps h and j should be less than 70 mvdc.

5-39 Drift (Stability).

Definition: The change in output voltage for the first eight
hours following a 30-minute warrm-up period. During the in-
terval of measurement, input line voltage, load resistance and
ammbient temperaturs are all held constant.

8-40 This measurement is made by monitoring the output
of the power supply on a digital voltmeter over the stated
maasurement interval, A strip chart recorder can be used 10
provide a permanent record. Place a thermometer near the
supply to verify that the ambient temperature remains con-
stant during the period of measurement. The supply shouid be
located away from any source of stray air current. [f possible,
place the supply in an oven and hold it at a constant
temperature. Take carg 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 wilt drift less over the sight-hour measure-
ment interval than during the half-hour warm-up period.

5-41 To check the output stability, proceed as follows:
a. Connect load resistance and digital voltmeter (DVM}
as illustrated in Figure 5-2.,
. Turn on supply and turn up output voltage. If unit

switches to CC LIMIT mode, use CUTPUT ADJUST
controls to increase CC limit so that unit remains in
£V mode.

. Adjust output voltage until DVM indicates exactly 60
V {maximum rated output voltage.)

d. Disconnect DVM from power supply sense terminals
and connect DVM across current-monitoring resistor
{Raa).

g. Reduce resistance of Ry until DVM reads 33 mV, in-
dicating that the current output is exactly 3.3 A (max
imum rated power outputl. Ensure that power sup-
ply remains in CV mode

i Disconnect DVM from Bpg and reconnect DVM o
power supply sense terminaks,

g. Allow 30 minutes warm-up,and then record DVM
reading.

h. After eight hours, DVM reading should not differ
from reading of step g by more than 21 mVdc.

5-42 Constant-Current Tests
543 The instrurnents, methods, and precautions for the
propar measurement of constant-current  power supply

characterisitics ars for the most part identical 1o those already
described  for the measurement of constant-voltage



characteristics. The main difference is that the power supply
performance will be checked between short circuit and full
load rather than open circuit and full load.

5-44 Current ODutput and Current Meter Accuracy. To
check that the supply wilk furnish its rated output current, pro-
cead as follows:

a. Connect test setup shown in Figurs 57, Set Ry to
minimum resistance initially.

b, Turr on supply and turn up outpul voltage. Set
DUTPUT ADJUST controls to adjust output current
unttl DVM reads 0.1 V, indicating that output current
is exactly 10 A {maximum rated output current), i
unit switchas to CV mode, use QUTPUT aDJUST
controls to increase CV limit 0 that unit remains in
L mode.

ol Front-panel ammeter should indicats 10 A,

d. Disconnect DVM from Rpg and connect DVM 1o
power supply sense terminals,

. Increase resistance of B until DVM reads exactly 20
W {maximum rated power output). Ensure that power
supply remains in CC mods.

£ Msconaect DVM from power supply sense terminals
ard reconnect VM across Rpg.
. DVM should indicate 0.1V, front-panel amwneter

should indicate 10 A.

545 1oad Effect (Load Regulation).

Dratinition; The change in the static value of the de output
current [2EOUT) resulting from s change in load resistance
from short cirguit to 8 value which yiglds maximum rated out-
put voltage, or from the latier valus to short ciroull.

546 T check the constant-current load effect, procsed
as follows:

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

b, Turn on supply and ten up output voltage. Set GUT

PUT ADJUST controls 1o adiust ouiput current yotl
VM reads 33mV, indicating that outpui cureen :
acily 3.3 A, H unit switchas to CV mode, use QUT

PUT ADJUST controls to increase CV limit so that
unit remains in CC mode.

C. Disconnect DVM from Ry and connect DVM to
power supply sanse terminals.

d. Adjust resistance of Ry until DVYM indicates 60 Y
{maximum rated output voltagel. Ensure that power
supply remains in constant-current mode.

2. Disconnect DVM from power supply sensa terminals
and reconnsct DVM to Ry
f. Racord voltage indicated on DVM,

q. Close switch to short circuit load.

h. Wait a few seconds onlyto allow DVM to settle.
Reading on DVM should not differ from reading  of
step T by more than 33pV.

547 Source Effaect {Line Reguiation),

Pefinition: The change in the static valus of do output
current { o) resulting from a changs in ac nbut voltage
over the specified range from low ling to high line, or from
high ling to low lina,

5483 To check source effect, proceed as follows:

a. Connect test setup shown in Flgurs 5.7,

bh.  Connect variable autotransformer between input
power source and power sunply ac power input,

. Adjust  autotransformer  for low  line  voltage
{paragraph 2-20).

d. Tun on supply and turn up output voltage. Set
QUTPUT ADJUST controls 1o adjust output currant
until DVM reads 0.1V, indicating that output current
i= exacty 10 A (maximum rated output current).
unit switches to CV mode, use OUTPUT ADJUST
controls to increase CV limit so that unit remains in
CC mode.

2. Disconnect DVM from Rpq and connact DVM 1o
power supply sensa farminals.

f. Adjust resistance of R uniii DVM reads exactly
20V, Ensure thet powsr suply remaing in constant
current modis,

q. Disconnect DVM from power supply sense tarminals
and reconnect DVM aciross Ry,
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h. Racord voltage indicated on DVM.

i Adjust autstransformer for high line voltage,

i Reading on DVM should not differ from reading of
stap h by more than 30gV.

549 PARD {Ripple and Noisse).

Definition: The residual ac current superimposed on the
dc output of a regulated power supply. Rippls and noise
measurement may be made at any input ac line voltage com-
binad with any dc ouiput voltage and load current within the
supply’'s rating.

5-50 Most of the mstructions pertaining to pickup prob-
lems  associated with constant-voltage ripple and noiss
measurament also  apply- to the measurement of constant-
current ripple and noise. Figure 5-8 shows two test setups that
can be used when measuring the ripple and neise of a
constant-currsht supply. Etiher test setup can be used deps

mg on the availabiiity of an appropriate monitoring resistor,

5-51 The current-monitoring resistor (Rpg) in Figure 5-8
can be construcied of paralisl-connected resistors. 1t must
have very low inductance 1o pravent the high frequency com-
ponents of CO ripple from causing a misleading voltage drop.
& current probe/amplifier combination such as Taktronix
PB302 probe and AMSO3 amplifiar can be used for the cusrent-
monitoring transformer (T1) in Figure 5-88.

5-52 To check the ripple and noise, procsed as follows:

a. Connect oscilloscops or rms voltmeater as shown in
Figure 5-8.
b. Turn on supply and turn up output vohage. Adjust

output current and F i untit front-panel metars indicate
10 A and approximately 20 V. I unit switches to CV
rmode, use QUTPUT ADJUST controls 1o increase OV
Himit 50 that unit remains in CC mode,

G The obarved rippiz and noise should be less than 0.5
mY rins (B mA rms).

5.63 TROUBLESHOOTING
5.54 introduction

5-65 The following paragraphs describe use of sslf tests
which the 60344 can perform to verify the operation of many
of ifs circuits, signature analysis, and the detailed
troubleshooting traes, Also described is an optional service
package. The provedures describad in thess paragraphs are
designed to help a technician identify and locate any faulis in
the 60344 as rapidly as possible. A good understanding of the
principles of oparation is particularly heipful, and it is recom-
mended that Section 1Y of this manual bz reviewed before at-
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tempting to troubleshoot the unit. The following
troubleshooting procedures will not check the calibration of
the unit, which can be done with the performance tests given
in the beginning of this section.

5-56 Section VI contains schematic diagrams and compo-
nent location diagrams to help the user locate components and
tesi points. Most test poinis for the power mesh and con-
trol board are located on the control board test “fingers”,
which are readily accessible at the top of the board. An ex-
tender boatrd, HP part number 06024-60024, can be used with
the control board to allow easy access 10 components. A tast
connector, HP part number 1251-6016, aliows easy connac-
tion of test probes to the test fingers. Test points on the HP-
IB/microcomputer board consists of stand-up pins to which
test probes can be clipped. Wire iocps on the front-panei
printed-circuit board and the HP-1B/microcomputer board
allows connection of test probes to various reference
voltages.
5-57 Initial Procedures

5-58 If the 6034A appears to be malfunctioning, perform
the following steps before beginning the formal
troublashooting  procedures.

a. Check that input power is available, and check the
power cord and rear-pansl line fuse. When replacing
line fuse, be certain to select fuse of proper rating for
line voltage being used.

Check that straps on the rear-panel terminal block
are proparly connected.

Check that all connections to the power supply are
secure and that circuits between the supply and
other devices are not interrupted.

Check that the rear-panel HP-1B address switches are
st properly.

If the 6034A fails turn-on self test or gives any other
indication of malfunction, remove the unit from the
operating system before proceeding with further
testing. '

5-59 Optional Service Package. Because the 6034A
microcomputer performs the self tests described in the follow-
iny paragraphs, it can test only those cirouits to which it has
access, and the most thorough tests are performed on circuits
functionatly closest to the microprocessor. A service software
packags is available to supplement the sell tests by performing
some tests and guiding the user through other tests that can-
nat be accomplished by the microcomputer, such as tests of
the HP-IB interface circuits. In addition, the cassette tape pro-
vided in the software package performs many of the steps in
the troubleshooting trees faster and easier than they can beé
performed by the user via the computer keyboard,

580 Order HP part number 06034-10001 for use with the
HP 9826 computer, or HP part number 06034-10002 for use
with the HP 85 computer. £ach service software package in-
cludes an instruction bookiet.

5-10

5-61 Self Test and Test Mode

5-62 Thae 8034A performs a self test of its RAM, rsal-time
clock, and ROM circuits each time power is turned on. More
extensive self tests can be accessed in test mods. If the unit
fails any of these tests, the SELF TEST LED remains on and
the other front-panel LEDs light in specific codes to indicate
the nature of the failure. The four LEDs to the left of the meter
display, RMT, LSN, TLK, and SRQ, indicate which test failed
according to the code in Figure 59, The OVP, OTP, and
UNREGULATED LEDs, below the meter display, indicate
which section of the test faited, see Figure 5-8. Table 5-2 gives
a brief description of each test and each fault within the tests,
and suggests possible causes of failure.

NOTE

It should be remembered that the possible fault
areas provided fn Table 5-2 are considered the
most fikely, but the [ist is not necessarily

complete,
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Table 5-2. Seif Test Error Descriptions

FAULT # DESCRIPTION

KERNEL TEST {consists of RAM tests and real-time clock tests.) The RAM test is the first test perform-
ad when power is applied to the 5034A. It is executed only once, and only at power on. RAM test is not
performed while the 6034A is in test mode, nor may test mode be invoked if the RAM test faiis.

1 RAM 1* (A4U32) failed unigueness test.

2 RAM 2 {A4UJ33} faiied unigueness test.

3 RAM 1* failed walking 1s and 0s tast,

4 RAM 2 failed walking s and Os test,

7 Eithar RAM failed initial data retention test.
Possible Fault Areas: RAMs may have failed, or address bus, address decoders, or associated circuits
may have failed.
*If hoth RAMs are at fault, only RAM 1 will be reported.
The real-time clock test is performed upon proper completion of the RAM test. 1t is executed only once,
and only at power on. Real-time clock test is not performed while the 6034A is in test mode, nor may
test mode be invoked if the real-time clock test fails. The real importance of this test is that it tests an in-
put port without the microprocessor providing the stimulus,

5 Line frequency measures greater than 65 Hz.

5 Line frequency measures less than 45 Hz.
Possible Fault Areas: Because it is unlikely that ac line frequency is outside 45-65 Hz range, line sensing
circuit may have failed or microcomputer CRUIN circuits may be malfunctioning. If this test passes,
microcomputer CRUIN circuits can be assumed to be operating properly,
ROM TEST. The ROM test is performed at power on upon successful completion of the kernal tests,
Failure of the ROM test at power on does not prevent the user from returning the 8034A 1o normal
operation. The ROM tast is also performed when test mode is invoked and self tests are selected
(60344 turns on in self test when test mode is invoked).

1 ROM 1 (A4U25) checksum incorrect.”

2 ROM 2 (A4U30) checksum incorrect.”

3 ROM 3 (A4U24) checksum incorrect.”
Possible fauit areas: The ROM or its chip select may have failed, or address bus, data bus, or associated
circuits may have tfailed.
*In units with three EPROMs instead of one ROM, if more than one ROM fails, only the lowsst
numbered will be reported.
INTERRUPT SYSTEM TEST. The interrupt system test is performead whan 1est mode has been invoked
and self tests are selected. kit is not performed at power on.

1 Powsr mesh interrupt did not oceur when expected. This test inhibits the power mesh PWWM clock,
which should cause the supply to become unreguiated.
Possible fault areas; Fault is probably in power mesh; disable sighal may be lost between front-pansl
iatch and power mesh PWM disable gate. A fault in interrupt cireuit or interrupt enable coutd also be
the causs,

3 Timer interrupt did not oceur.
Possible fault areas: Fault is probably In 1 ms timer circuit or interrupt circuit.

4 Power maesh interrupt ocourred when it should not.
Possible fault areas: Faultis probably located in the inmterrupt circuit or the output port involved with in-
terrupt enable signal.

5 HP-18 interrupt occurrad when it should not.
Possible fault areas: Fault is probably located in the interrupt circuit or the HP-1B circuits.

6

Timer intarrapt signal occurs, but elapsed fime is wrong.

Possible fault areas: Fault is probably located in 1 ms timer circuit.




Table 5-2. Self Test Error Descriptions {cont.)

FAULT #

DESCRIPTION

~F AT i W o =

HP-IB INTERFACE TEST. The HP-1B interfacs test is performed when test mode has been invoked and
self tests are selected. It iz not performed at power on.

Bata read in from shift register doss not agree with data previously loaded into shift register.

Possible fault arsas: The CRUIN and/or CRUOUT opio-isolators may have failed, or the data shifters or

the circuits that generate the data shifter control signals may be at fault. This test will not check CHI or
any of the HP-IB monitor circuits,

POWER MESH MODE TEST. The power mesh mode test is performed when test mods has been in-
voked and seff test are selected. 1t is not performed at power on. This test will fail if the power supply
output terminals are not opan. In the following list of faults, the first two entries on each ling indicate
the conditions which the microcomputer set up, and the last entries indicate the unexpected result.

2 1, hut M1 ANDad with CC
= (), but M2 ANDed with CV =
- 1, but M1 ANDed with CC =
=« 1, but Unregulated = 0

= 0, CC = 1, but MT ANDed with CC = 1
1 = 0, CC = 1, but M1 ANDed with CC = 1

Fossible fauli areas: Although the signals could be lost in the microcomputer circuit or front-panel
gates, latches, or connectors, the most likely cause is darmage to the power mesh,

Y

READBACK COMPARATORS TEST. The readback comparators test is performed when test mode
has been mvoked and sef tests are selectad. 1t iz not performed at power on. This test will fall if the
power supply output terminals are not apen,

CC reference > | out, bul CC comparator output kow.
CV reference > V out, but CV comparator output fow,
CV reference < V outl, but CV comparator output high.

Possible fault areas: [f this is the only test that failed, the fault is prohably in the CV or CC comparators
or associated circuitry. i other power mesh tests also falled, fault is probably in power mesh.

g1 o O P

(WP TEST. The OVP tast is parformad when test mode has been invoked and self tests are selected. 1t
is not performad at power on., This test will cause the power supply output voltage to rise to 60 volts, so

the output terminals must be oper 1o prevent damage to sensitive loads. The test may fail if the powsr
supply output terminals are not open.

OVP status indicator false when # should be true.

OVP status indicator true when it should he false.

Zero voits cutput and 64.5 volts OVP trip point are programimed, but OVP will not reset.
Thrae volts output and twe voits OVP trip point are programmed, but OVE will not trip,
&0 volts output and B4.5 volts OVP rip point are programmed, but OVP will not reset.

Possible faukt areas: If this is the only test that failad, fauli is probably in the OVP circuit. If other power
mesh tests failed, fault is probably in power mesh.




5-683 For most failures the front-panel LED indicators (ex-
copt SELF TEST) will flash on and off. Flashing indicators
always indicate a fault, but, because flashing is controlled by
the microcomputar, a failure in the kernel of the microcomputer
may cause tha indicators to remain on in code without flashing.

NOTE

Because the unit is testing itselt, it is not possible
to guarantge that the unit will provide an ynarm-
biguous indication of all possible faifures., For ex-
ample, & failure in the hardware used for self rest
or in the core of the microprocassor may prevent
the unit frorn indicating that it kas not passed seff
tast. If the unit appears to be inoperative, hut 1t
does not indicate faifure of self tests, it should be
remaved from the operating system and the user
should folfow the procedurss given in the main
troubleshooting tree, Figure &-16.,

564 Passing all self tests indicates that the 60344 can
function at least paritally. Self test cannot verify the HP-IB in-
terface without use of a computer, nor can it verify the front-
panel conirols without someons to operate them. This type of
check can be performed with use of the optional service soft-
ware package. Also, seif tests cannot check calibration or
whsthar the power mesh can provide full power output. For
thess checks, use the performance tests given in the beginn-
ing of this section.

5-65 Sealf tests can help sliminate some circuits as fault
locations, and they can help locate a fault to certain circuits,
but self tests genarally will not indicate reasons for a fault.
Users without extensive 60344 experience are advised to use
tha troubleshooting trees and follow all procedures step by
step.

5-56 Test mode also snables use of signature analysis
techpiques for troubleshooting, and it allows testing of the
front-pansl LEDs. Tabia 5-3 shows the staius of various LEDs
for each of the test mode conditions.

B-87 Tha following paragraphs describe use of each of the
diagnostic and troubleshooting procedures provided with the
6034A.

5-68 Turn-On Self Test. The self tests performed at turn-
on takes less than one second to complete, and all front-panel
indicators are on while the tests are in progress, If the unit is
not in test mode and it passes the tests, the front-panel in-
dicators will turn off and the unit will ba ready for operation.
The SRQ indicator wili rermain on until the unit is serial polled
in response 1o its power-on service request, I the unit fails the
tests, refer 1o Figure 5-9 to decode the reason for the falure,
Procead to the main troubleshooting tres, Figure 5-16. Nota
that the unit will not respond 1o a serial poli # it fails twrn-on
self test, even though the unit will set SRQ.

5-69 Test Mode Self Tests. To access the additional self
test available in test mods, proceed as toliows:
a. Turn off the BO34A.
b. Disconnect alf loads from the 60344 outpurt terminals
and disconnect the 80344 from the HF-IB.

WARMING

Cutput veltage will rise to 60 volts during part of
the test mode self tests. In addition to the per-
sonal hazard of this potential. a voltage-sensitive
load attached to the oulput terminals may be
damaged, and the 60344 will fail seff tests. I ad-
dition, the controfler may get hung up waiting for
the 60344 to respond. Do not inveke tesi inods
with the 60344 on line in an operating system.

. Connect the sense terminals for Incal sensing if they
are not already so connected.

d. Press the QUTPUT ADJUST pushbution switch while
trning on the 6034A, Continue to press the QUTRUT
ADJUST switch for at least 2% seconds but not more
than b seconds after turn on. If the unit has enterad
test mode, the SELF TEST indicator and all segments
of the VOLTS and AMPS displays will remain on aiter
the OUTPUT ADJUST switch is released, and the
VOLTAGE indicator witl flash on and off to indicats
that self tests are being performed, If the QUTPUT
ADJUST switch is held for oo fong or not long
enough, the unit wil revert 1o normal operating modse
{assuming it passes turn-on self tests).

H

Fable 5-3. Test Mode LED Status

SELF WOLTAGE CURRENT ERROR-

TEST LED LED CODED

LED LEDsY Mode
On Flashing Off Off Running Self Tests
On Off O Flasbing Self Test Failed
On Off Flashing Off Signature Analysis
On 1073 Off** Off** LED Tast

Off X X X Normal Operation

*RMT, LSN, TLK, SR, OVP, OTP, and UNREGULATED.

**One LED may be on if RPG has been rotated.
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i CAUTION

This instrument uses components which can be
damaged by static charges. Most semiconductors
can suffer serious performarnce degradation as a
result of static charges, even though complete
failure may not occur. The following precautions
should be observed whern handling static-sensitive
devices.

Always turn power off before removing or installing
printed-circuit boards.

Always store or transport static-sensitive devices (all
samiconductors and thin-film devices) in conductive
material. Attach warning labels to the container or bag
enclosing the device.

Handle static-sensitive devices only at static-free work
stations. These work stations should inciude special
conductive work surfaces (such as HP Part No.
9300-0797) grounded through a one-megohm resistor,
Note that metal table tops and highly conductive
carbon-impregnated plastic surfaces are too conduc-
tive; they can act as large capacitors and shunt
charges too quickly. The work surface should have
distributed resistance of between 106 © and 1072 ©
per square.

Ground alt conductive equipment or devices that may
come in contact with static-sensitive devices or sub-
assemblies containing same.

Where direct grounding of objects in the work area
is impractical, a static neutralizer should be used
tionized-air blower directed at work). Note that this
method- is considerably less effective than direct
grounding and provides less protection for static-
sensitive devices.

While working with equipment on which no point ex-
ceads 500 volts, use a conductive wrist strap in con-
tact with skin. The wrist strap should be connected
to ground through a one-megohm resistor. A wrist
strap with insulated cord and built-in resistor is recom-
mended, such as 3M Co. No. 2066 (HP Pari No.
93000869 {small] and 9300-0970 [large]).
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| WARNING

Do not wear a conductive wrist strap when work-
ing with potentials in excess of 800 volfts; the one-
megohm resistor will provide insufficient current
fimiting for personal safety.

All grounding {device baing repaired, test squipment,
soldering iron, work surface, wrist strap, etc.} should
be done to the same point,

Do not wear nylon clothing. Keep clothing of any kind
from coming within 12 inches of static-sensitive
devices,

Low-impedance test equipment (signal generators,
logic puisers, etc.} should be connected to static-
sensitive inputs only while ihe componenis are
powered.

Use a mildly activated rosin core solder (such as Alpha
Metal Reliacor No. 11, HP Part No. 8090-0098) for
repair. The flux residue of this type of solder can be
left on the printed-circuit board. Generally, it is safer
not to clean the printed-circuit board after repair. Do
not use Freon or other types of spray cleaners. If
necessary, the printed-circuit board can be brushed
using a naturak-bristle brush only. Do not use nylon-
bristle or other synthatic-bristle brushes. Do not use
high-velocity alr blowers (unless ionizad),

Keep the work area free of non-conductive objects
such as Styrofoam-type cups, polystyrene foam,
polyethylene bags, and plastic wrappers. Non-
conductive devices that are necessary in the ares can
be kept from building up a static charge by spraying
them with an anti-static chemical (HP Part No.
85006-3397).

3o not allow long hair to come in contact with static-
sensitive assemblies.

Do not exceed the maximum rated voliages specified
for the device.



5-70 The time window for entering test mode is delayed
and short to minimize the possibility of test mode being invok-
ed accidently. Some of the tests cause a voltage across the
putput terminals, and this voltage could be hazardous if the
user is unaware of test mode.

5-71 The six tests performed in test made take approx-
imately 16 seconds to complete, assuming the unit passes ail
tests. The tests will run continually until the user exits self test
mode or a test fails. Note that the VOLTS display will change
from 18.88 to 188.8 for approximately two seconds during
each test cycle.

5-72 As long as the unit passes the seif tests, the SELF
TEST LED will remain on and the VOLTAGE LED wiil flash. if
a test fails, the unit wili stop seif tests, the VOLTAGE LED
turns off, and other front-panel indicators flash in code to in-
dicate which test has falled, After noting which test failed and
the fault number, press QUTPUT ADJUST once to continue
salf tests. The VOLTAGE LED will flash to indicate that self
tests are running. If the unit fails another test, note the test
failure and fault number codes and then press QUTPUT
ADJUST once to continue self tests. Whan the unit stops a
second time at the first test to have failed, the self test cycle
has been completed.

5-73 The following paragraphs provide directions for
switching from self test mode to signature analysis mods or
LED test mode. To exit test mode completely and return the
unit to nornal operation, either press OUTPUT ADJUST
pushbutton for at least three ssconds or tum power off and
then back on.

5-74 Test Mode Bignature Analysis. To enter signature
analysis mode, the unit must first be in test mode running self
tests (VOLTAGE LED flashing). With the unit in test mode,
press QUTPUT ADJUST once to switch the unit into
signature analysis mode, The CURRENT LED will flash on and
off to indicate that the unit is in signature analysis mode {SFLF
TEST LED remains on). Note that if the unit is in test mode
self test and the test program has stopped at a failed test,
QUTPUT ADRJUST will have to be prossed twice rapidly, once
10 resume self test and once to switch the unit to signatura
analysis mode. I another self test fails before QUTPUT
ADJUST is pressed the second time, try again; some of the
self tests include a two-second settling time during which
OQUTPUT ADJUST can easily be pressed twice. The unit can
also be forced into signature analysis mode by shorting test
points TE11 and TP 14 together on the HP-IB/microcompuier
assembly. To axit signature analysis mode, either press QUT-
PUT ADJUST once to enter LED test mode, twice 1o return to
self test mode, or press OUTPUT ADJUST in for at least three
seconds to return to normal operation.

5.75 Paragraph 5-82 provides a brief introduction o
signature analys nd describes the use of signature analysis
10 troubleshoot the BO34A.

576 LED Test Mode. To enter LED test mode, the unit
rmuzst first be in test mode. Press QUTPUT ADJUST twice to
switch the unit into LED test mode (only once if unit is already
in signature analysis mode}. Only the SELF TEST LED wili re-

main on. By rotating the OUTPUT ADJUST knob (RPG} in
either direction, all LEDs will turn on sequentially. In addition
to testing the LEDs, this also checks the RPG.

577 To exit LED test mode, either press OUTPUT
ADJUST once to enter self test, or press in QUTPUT
ADJUST for a least three seconds fo return to normal
operation.

5-78 Troubleshooting Trees

[ WARNING

Maintenance descibed herein is performed with
power supplied to the instrument, and protective
covers ramoved. Such maintenance should be
performad only by service-trained personnsl who
are aware of the hazards involved (for example,
fire and elecitrical shock), Where maintenance can
be performed without power applied, the power
should be remaved.

5-79 The troubleshooting trees are the most exhaustive
troublashooting technique available for use with the 80344,
They can be used either with or without having performed seff
tests. After having determined that the 8034A is malfunction-
ing, the user should remove the unit from the operating
system and proceed to the main troubleshooting iree. The
main tree will isolate trouble to a particular circuit and direct
the user to further procedures, such as signature analysis or
other troubleshooting trees, to isolate the trouble within a
circuit.

5-80 The following notes apply to the troubleshooting
treas.

1. Most troubleshooting procedures start with the test
setup  dessribed in paragraph 5-81. The main
troubleshooting tree starts with the output terminals
open circuited.

2. Before removing or replacing fuses or other com-

ponents, turn power off and disconnect input power

cable. 3 ‘
WARNING |

Some circuits on the power mesh are connected
directly to the sc power line. Exercise extreme
caution when working on energized circuiis.
Energize  the supply through an  isofstion
transformer to avoid shorting ac energized cir-
cufts through the test instrument’'s input feads.
{The [zolation transformer must have a power
rating of at least 1 kVA.} During work on energiz-
ed circuits, the safest practice is to disconnect
power, make or change the test connections, and
the reapply power,

Make certain that the supply’s ground terminal i
is securely connected 10 an earth ground before
applying power. Fature to do so will cause a
potential shock hazard that could resuft in per
sonal injury.



3. Allow input capacitors two minutes to discharge
before making resistance checks or removing com-
ponents in primary circuit.

4. Unless otherwise noted, all voltages on the power
mesh and control board assemblies are measursd
with respact to bias common, available at A2U1
haatsink. Voltages on the HP-IB/microcomputer
assembiy are measurad with respect 1o sither @7 or

‘N\E? . which _should be shorted togethar for
trouﬁ ghootir;gVEs available at TP1 and wire loop
W17f*-.~2, s avallabie a1 TP2, TP3, and wire loop W18,
Volmgé&a on the fron’t—_glanrgl assembly are measured
with respect to either\2 /or3/, available at wire loops
on the front-pane! printed circuit board.

5. Numbers in brackets refer to waveforms shown in
Figure 521,

. Unless arrows point otherwise, flow of
roubleshooting trees is down and to the right.

7. The troubleshooting trees provide general guidelines

to help isolats trouble. Thay will not isolate all possi-
ble troubles. The user should use signal tracing and
other standard troubleshooting technigues to iden-
tify faulty components. The user is responsible for
connscting and adjusiing meters, oscilloscopes, eto.
properly. Before replacing a component, check con-
nections to the component and ensure that bias
voltages 1o the component are corrset.

8. Test programs are given for two HP controllers; HP
9825 or 9826 programs are on the left, HP 85 progrars
are on the right.

8. Table 5-4 provides descriptions of the control board
iest points. Table 6-5 proves descriptions of the HP-
IB/microcomputer test points.

10, After isolating and correcting a problemn, go back 1o
the baginning of main troubleshooting tres, Figure

5-16, unless otherwise diracted.
-8t Troubleshooting Test Betup. Unless otherwise

noted, troubleshooting procedures should start with ths
following test setup.

1. Turn off 60344 and disconnact all lpads.

2. Strap rear-panel terminal block for local sensing, and
no connections to A1 and A2, as shown in
Figure 3-3.

3. For procedures that call for 2 load resistor, connect a
200-chm  10-watt load resistor across oulput
terminals,

4. Tumn OVP ADJUST control to maximum  (Fully
clockwise. )

5, Remove top cover,

6. short together test points TP1 and TP2 or TPT and
TP3 on HP-IB/microcomputer assembly.

5-82 Bignature Analysis

5-83 The easiest and maost efficient mathod of
trouhleshooting  microprocessor-based  instruments  is
signaturs analysiz. Signature analysis is similar 1o signal trac-

&3

ing with an oscilloscope in linear circuits. Part of the
microcompuier memoty is dedicated to signature analysis,
and a known bit stream is generated to stimulate as many
nodes as possible within the circuit. Howevear, bacause it is vir-
tually impossible to analyze a bit stream with an oscilloscope,
a signature analyzer is used 1o compress the bit stream into a
four-character sighature that is unigue for each node. By com-
paring signatures of the unit under test fo the correct
signaturas for each nade, faults can usually be isolated to one
or two components. Note that signature analysis provides
anly go/no-go information: the signature provides ab-
solutely no diagrostic information,

5-84 Start, stop, and clogk signals for the signature
analyzer are provided by the unit under test,

Tabie 5-4. Control Board Test Point Descriptions

Test Point
Connector

7 Description

1 CV Programming Voliage

Z - Sense

3 -Monitor Buffer Amplifier Output

4 Overvoliage Status (low = overvoliage)

5 + Bense

] Qutboard Sense {outboard side of
current-monitos resisior)

7 CC Programming Voltage

8 | - 12 V Unragulated (= - 2B V}

3 Constant Yoltage Mode How = CV)

10 Overvoltage Remote Resst nput

11 + 15V Unregulated { = + 26 V)

12 Bias Power Supplies Common

13 Low Bias Voltage or AL dropout
{low = low bias or ac dropout)

14 Over Temperature Status
{low = over temperatura)

15 Constant Current Mode (low = CC)

18 +5 YV Unregulated { = + 16 V)

17 Sigaal to "On” Driver

18 Signal to “Off"" Driver

14 (Mot used)

20 + 15V Regulated

2% + 5 ¥V Regulated

22 inboard Sense (inboard side of
current-monitor resigtor)

23 20 kHz Clock Signal

24 12 V Reguiated

P {Not used}

26 Ip (Primary Current} Ramp Voltage




Table 55, HP-IB/Microcomputer Test

Point Descriptions

Test Point Dascription
: NV
V4
P 2
2,3 2/
\
4 @3, pprocessor clock phase 3, used for
signature analysis clock
b, @ A, start/stop signasl
7 CRUCLK, clock signat
8 ROM 1, start/ stop signal
9 ROM 2
10 ROM 3
11 Signature analysis intarrupt input,
factory use only
12 ROM 4
13 Signatura analysis clock, used to chack
ROM daia
14, 15 O DAC |LSB, start/stop sigpal
16 . connected to TP11 for factory test
1¥)

h-85 Signature analysis in the 8034A is accomplished in
twe modes, free-run meda and signature analysis test mode.
Free-run mode is used to check the operation of the
microcomputar kernel, consisting of the microprocessor,
RAM, ROM, and clock. Onee proper operation of the kernal
has been verified, then the kernasl can be used to stimulate the
rest of the circuit.

5-86 Instructions in the troubleshooling trees direct the
user to specific sighature analysis figures. Each figure includes
a setup for the signature analyzer front-panel controls and pod
connections. {The user should refer to tha signature analyzer
instruction manual for complete instructions on use of the
signature analyzer.)

587 It a fault appears to be in the kernel of the microcom-
puter, signatures are taken with the unit operating in fres-run
mode. Symptoms of this type of failure include failure of RAM
or ROM salf test or all front-panel LEDs remaining lit. To
oparate the 80344 in frew-run mods, the fres-run jumgper pack
must be moved from its normal location 1o the fres-run mode
location, see Figure 511, The jumper pack breaks the DIO
lines and provides a NOP code to the microprocessor, which
then steps through all of its addresses, Note that it is not
necessary 10 switch the 6034A to signature analysis 1o take
signatures in fres-run mode,

5-88 Figure 7-1 shows the focation of the two sockels into
which the free-run mods jumper pack can be Inserted. Nor-
mally, the jumpar pack is installed in the single 16-pin socket,
shorting pins 1 through 8 to pins 9 through 16. For free-run
made the jumper pack is installed betwsen the 8-pin socket
and pins 1 through 8 of the 18-pin socket,

5-89 Figure 5-12 shows the signatwes that should be
found in free-run mode. To opsrate the 6034A in free-run
mode for signature analysis of the microcomputer kernal, pro-
ceed as follows.

WE MORY
CHIP EMABLE
SELECT
P DECODERS
A1 T0 A8 ADDRESS
AITO M3 | ADDRESS | ADDRESS
BUFFERS

MEMORY

1/0 | ENASLE

DECODING

I/0
ADDRESS

Figure 510, Bignature Analysis Map

5-17



JUMPER

PACK
16~ PIN
SOCKET \
‘\\ ",

B-PIN

SGCKET ™ > k}) =
\gﬁﬂw N

NORMAL LOCATION FREE-RUN MODE LOCATION

VIEWS FROM FRONT OF INSTRUMENT

Figure 5-11. Free-Run Mode Jumper

5-90 Turn off the 8034A. Use an 1.C. removal tool, or,
using a small-biade screwdriver, first pry up one end and then
the other end of the jumper pack a little at a time. Be carefui
rot to bend the pins. Be especially careful that all pins are
properly located in the socket bafore pressing the jumper pack
down in place.

5-91 The following notes apply to signature analysis of the
60344,

1. Figure 5-10 shows the circuit functions that are
checked using signature analysis, with arrows direc-
ting the user from one functivnal ares to anothsr.
Figures 5-12 and 5-15 are arranged similar to Figure
5-10 and are subdivided by circuit function.

2. Four-character signatures are written outside the |.C.
next to their associated pin. A blank pin indicates
that no valid signature exists at that pin for that
mode and setup.

3. If a signature is boxed {e.g.@}) it is an input o
that 1.C. Unboxed signaturas are outpuls.

4. A signat’s source (for an input) or desintation (for an
output} is written next 1o the pin number inside the
1.C. outline. This allows the user to trace the signal io
determing which component introduces an error,

8. Be certain 10 use the correct setup as given in each
figure.

6. Most signatures are taken on the HP-
B/ microcomputer assembly. Front-panel |.C.s are
labeled.

7. Mote the signatures for Voo and ground on the 1.C.
being exarined. If an incorrect signature is the same
as that of Voo or ground, that point is probably shorted
o Voo or ground.

8. 1 two pins have identical signatures, they are prob-
ably shorted together. H two signatures are similar,
it is only coincidence. For example, if the signature at
a certain point should be 65C4, a signature of 656C3 is
not “aimost right.” No diagnostic information
can be inferrad from an incorrect signature,

9. 1§ a signature is incorrect at an input pin, but is cor-
rect at its source (output of previous 1.C.}, check for
printed circuit and soldering discontinuity.

10.  Anincorrect signature at an output could be caused
by a faulty component producing that oulput; or, a

short circuit in another component or on the board
could be loading down that node. A current probe
can be used to determine which component is draw-
ing excess current from a node,

1. i many signatures are wrong, including signatures for
+5 V, the fault is probably in signals used to clock
or gate the signature analyzer. Chack that the AD,
AT3/CRUOQUT, @3, and CRUCLK signals are clean
sguare waves.

12. Do not begin troubleshooting with signature
analysis. Start with the main troubleshooting tree,

5.82 Frea-Bun Mode Procedure, The following
paragraphs outline a basic course of action for
troubleshooting in free-run mode.

5-93 Set the free-run jumper pack in the free-run mods
position, and set the signature analyzer controls as shown on
Figure 5-12. Start taking signatures at the microprocessor. If all
microprocessor signatures are sorrect, check the memory chip
select decoders and then the memory devices. If altinputs to &
component are geod but the output is wrong, that component
is probably bad. Check aiso for a short on the printed-circuit
board or other components that might be loading that node.

5-4 If all the above signatures are correct, the fault could
be the ROM data. Check the signature at TP13, the signature
analysis clock generator {sse Figure 5-13). If the signature is
incorrect, troubleshoot the signature analyzer clock generator
circuit. If the TP13 signaturs is correct, check the ROM data
using Figure 5-14, Note that the signature analyzer test setup
is different for checking ROM. RAM cannot be checked at this
point, because nothing has been stored there. However, if all
signatures so far hava been correct, and the RAM self test fail-
ed, the RAM is probably faulty.

5-95 Remember to replace the free-run jumper pack after
troubleshooting the microcomputer kernel,

5-98 Signature Analysis Procsedure. Figure 5-15 is used
for signature analysis when the microprocessor has passsd
trn-on seif test. Most faults for which this mode is ap-
propriate involve 1/0 communication.

5-97 Ensure that the free-run jumper pack is in its normal
position, and switch the 6034A to signature analysis test mode
{CURRENT LED flashing). Set the signature analyzer controls
as shown in Figure 515, If an input or output port is being
checked, start at that port and work back toward tha
microprocessor. Remember that the numbers next to sach pin
number give the location to which that pin is connected.

598 For example, assume that OVP will not resat, but the
OVP circuit appears to function properly. To troubleshoot this
problem, proceed as foliows.

a. Using the schematic and labeis on Figure 5-19, locate
the output port that resets OVP; A3U14, pin 6, on
the front-panel assembly.

b. Check the signatura at A3U14-6. Because this is an
output port, if the signature is correct the fault is pro-
kably in ths OVF circuit. Use standard
troubleshooting technigues.
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Figure 5-13. Signature Analysis Clock Gensrator Troubleshooting
rauz c. If the A3U14-6 signature is incorrect, check inputs to
14125 .
. A3U14 (A0, A7, A127, CRUQUT ). i they are cor-
I A5 +5-24) Food rect, A3U14 is probably bad,
287 A5 -23 . . R
4am Ad-22 d. if any of the A3U14 input signatures are incorrect,
a-a9 2 check the signature at the location written next to
5-a10" AOMY 20 the bad pin. For example, if the signature of A10" at
B-rll A3 19 A3UT4-3 is incorrect, check A4U13-3 on the HP-
éi::gi DO,_:i o0z 1B/ microcomputer assembly.
4547 |5op7 ol ~15 | UFOY g, Continug until you locate the faulty component or
upsy | 10-Ds’ D2 -5 | A6U4 reach the microprocessor. However, if the
2506 | 1-D8' D3 -14 | 7532 mictoprocessor has passed earlisr tests, rechack
ey 1 P
00001243, ba-1s | auzH vour setups and procedure very carefully before
replacing the microprocessor,
BO34A IN FREE -RUN MODE
IGNATURE AMALYZER SETUP .
3 5-99 Input and Output Ports. For input ports and some
FRONT - PANEL FOL output ports, signature analysis is not appropriate. The
CONTROLS CONNEC TIONS . , . . .
microprocessor cannol stimulate its own inputs, and most
START - | START 778 LEDs are not being addressed during signature analysis mode.
sToP T srop upeer The SELF TEST LED should be on {its output port, A3U11-11,
- R should ba at ground), and the CURRENT LED should be
CLOCK -y | BROBR TP flashing. All other LEDs should bs off, with their output ports
GROUND  TP3 at +5 volts,
To check input ports:

Figure 5-14. ROM Data Test

a. Verify that the input to the port is correct,
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b. Use signaturs analysis 1o verify that the input port is 1. if more than one |LED on a given L.G. does not light,
being addressed and enabled. either the |.C. or its enable input is probably bad.
. If both the above are corract, the input port LC. i3
probably bad.
Tao chack output pors: 5100 Aftar troubleshooting be certain to restore to normal
a. Switch unit to LED test mode. operating condition any of the following that may have been
b, Check the output port of any malfunciioning LED changed,
with a logic probe {the signature analyzer probe slso
operates as a logic probe). 1. Sensing and other rear-panst connections.
c. The output port should be low {ground) when the 2. TP to TPZ or ;I_F_’:% on HP-IB/microcomputer
LED should be on, and high (+5 volis) when the assembly {grounds “J/ and\%’ ).
LED should be off, 3. TP11 to TF14 on HP-IB/microcomputer asserably
d. 1f the logic levels are correct, check the LED. fsignature analysis interrupt).
e i tha iogic levels are incorrect, use signature analysis 4, Signature analysis free-run jumper pack.
1o verify that the output port is being addressad and 3. Bias power supply jurapers J2 (5 jumpers) and J& (3
anabled. jumpers} on HP-1B/microcomputer assembly.
Table 5-§. HFP-IB/Microcomputer Bias Supply Voitages
Unregulated® Regulated { +5%)
Test BMinimum Maximum Tast
dominal Point Valley Peak Point Current SJumpers
MHP-1B BIAS VOLTAGES
+5 AG-W/IYEL 11.4W 180V ASW/BLY 0.75 A A4S
+12 AdF] 175V 270 A4CH3 80 ma
FON 1, Measured at A4REE - Nommally 0V
v‘rm
MICROCOMPUTER BIAS VOLTAGES
+5 ALD-W/ORN 114V 19.0 V AB-W/RED 1A
+ 12 ALCRTCath 175V 27.0V £AC35 + 60 mA ALS2
+ 15 A4CRTCath 17.6V 270V A4CE2 4 80 mA
- 15 A4CRE Ano -11sY 1 - 270V A4C33 680 ma

PONZ, Measurad at A4ARTE Normally 0V

E??T‘P2 and T

P2

“Observe unregulated voltages with an osciiloscope.

HP-18 common { \7-\"2,"7} iz isclated from microcomputer and power mesh/control board coremoan (\211 A potential across
AGRES (FON 1) ar AJR7S (PON 2) indicates low bias voltages. A problern with unvegudated voltages o efther side of isnlation
will cause the PON signal on both sides 1o go low. The two PON signais communicate with sach other through
photo-isoiators A4USS and A4USBS. These signals protect the B034A from trying 1o operate with fow bias voltagas.

The biug A4J2 and A4J5 jumpers should be removed to disconnact the biss voltages while troubleshooting the HP-IB or
microcomputer bias supplies. In this way the user can determine it the bias voltages are being pulled down by a short circuit.
To ensure that the bias suppiies can operate under load, use the current vaiues listed to select a resistor of the proper value 1o
simulate full load. Connect the load resistor to the bias supply output with the output jumper removed to check that the bias

voltage remains within regulation under load.

Remember 1o reconneat the 12 and 15 jumpers after correct operation of the bias supplies has been verified,
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Table 5-7. Power Mesh/Control Board Bias Voitages

(All bias voltages measured at Control Board test fingers (AZP2) with respect to bias common
at pin 12 or at AZU1 heatsink. Table 5-8 lists semiconductor components operating on each bias

supply.}

Bias Measurement Mormat

Voltage Point Range Check these Components

+5V Reg Pin 21 +4.75 V1o +5.25V Check for presence of +5V Unreg (+ 1210 +19V,
pin 16). ¥ absent, check A1TS pins 7 and 9,
AI1CR22.-23, A1C35, AIR61, A1VRLE. W present,
check A2U1.

+15 V Reg Pin 20 +14.10V to 15.90 V Cheack for presence of +15 V Unreg {+19 V to
+ 31V, pin 11}. If absent, check A17T5 pins 6 and 10,
ATU3, A1C36. if present, check A2Q11, A2U2, A2R2-
R7, AZVR1, A2C3.

-12 V Reg Pin 24 —12.96Vto ~-11.4V Check for presence of -12 V Unreg (~19 V to
—31 V, pin 8). If absent, check A1C37. If present
check A2Q2, AZU3, A2REB-R11, AZCA4,

Table 5-8. Semiconductor Components Operating on Each Power Mesh Bias Supply

+8 ¥V REG

AlTUZ
A204
A2Q6
A2Q7
A208
A2Q8
AZ2Q14
AZU4
AZUSB
AZUB
A7
A2US8

A2US
A2U10

A2U12

+16 ¥ REG -12 V REG
A10B (+8.5 V] AZUT1
ATUH+145 V) A2U12
A2Q12 AZU13
A2Q13 A2U14
AZUN
A2U13
A2U14
+15 V UNREG --12 V UNREG
A2U2 A2U3
+5V UNREG -8 V UNREG
Arlan A1Q6
AZQ5 AlUb
A2U1
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TESTS

AC 1N, FAN,
BIASES

TURN-ON
SELF-TEST

{3

{5)

{1

DISCONNECT COMPUTER AND
LOAD, TURM 60368 ON

TRACE POWER TO FAN,

"1 CHECK FAN.

CHECK SETTING OF LINE
VOLTAGE SELECT SWITCHES
ARS2 AND LINE VOLTAGE
JUMPER AW REPLACE FUSE
ARD 60 TO SLOW START,
FIGURE 5-19.

DISCONNECT HP-1B/MICRO-
COMPUTER BIAS SUPPLIES
PLUG O CENTER CHASSIS.
REPLACE AfF? AND TURN
POWER ON AGAIN.

)

@
TROUBLESHOOT HP-1B/

MICROCOMPUTER BIAS SUP- |
PLIES, INCLUDING A4 TY.

)
GO TO POWER MESH/CON -
»{ TROL BOARD BIAS SUPPLIES,

FIGURE 5-17.

DISCONNECT HP-1B AND MICRO-
COMPUTER BIAS SUPPLY JUM-
PERS 4445 AND A4JZ. CHECK
A4T1 PRIMARY. REPLACE
AF?, RECONNECT PLUG, AND

TURN ON POWER AGAIN.

18}

CHECK BIAS VOLTAGES LISTTD
IN TABLES 5-6 AND 5-7.

THE 60348 AUTOMATICALLY
TESTS SOME GF ITS CIRCUIT-
RY ON TURN-ON IF IT PASSES
THE TUBRN-ON SELF-TEST THE
SELF-TEST LED WiLL, 60 OUT

AND NO LEDS Wil FLAGH

T SHEET 2

REPLACE JUMPERS ONE AT A
TIME TO DETERMINE WHICH
BIAS SUPPLY 1S OVERLOADED,
LOOK FOR BURNED OR HOT
COMPONENT,

FOLLOW BIAS CHECK PROCE-
o DURE LISTED WITH THE BIAS
"| TABLE, INCLUDING CHECK UN-
REGULATED VALUES WITH AR
OSCHLLOFCOPE

{19

SELF-TEST FAILURE

LI

ROM OR BAM

KERNEL TEST {(FIG 5-22)

GO 7O KERNEL TEST {FIG.

REAL- TIME CLOCK

CLOCK TEST (FIG 5-28

5-22)

Figure B

-16.
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4

FROM SHEET 1

SWITCH LT INTO SELF TEST
MODE, IF ANY TEST FALLS,
PRESS QUTPUT ADJUST
SWITCH O CONTINUE. RE-
CORD ALL FAILURES.

|

SWITCH UNIT TC LED TESY
MODE

&

DD
7~ #3450R6

INTERRUFT TESTS
FAIL?

ov

REFERENCE H

TRY TO VARY THE GUTPUT

ey

GO TO SELF-TEST FARURES
FiG.5-31.

N

METER AGREE WITH
QUTPUT VOLTAGE?

oo 6]
REFERENCE

TURN OFF 60344, AND PUT A
SHORY 55 THE QUTPUT.
TURN UNIT BACK ON. WITH
THE RPG, SET THE UNIT FOR
>4 VOLT, THEN PRESS THE
OUTPUT ADJUST SUTTON.
WITH THE RPG, YOU SHOULD
BE ABLE TO VARY THE QUT-
PUT CURRENT BETWEEN @

CURRENT VARIES FROM § TO
10 AMPS.

HOOK 4P A DVM FROM T#L TO
083 TEST POINTS ON THE A3

"} (FRONT PANEL} BOARD. TURN

GO34A OFF AND THEN ON.

CHECK THE LEDS N ERROR
AND THER ASSOCIATED QUT-

»i LOW TO TURN ONLED. IF IT
DOES,LED 1S PROBABLY BAD,
IF IF DOESN'Y, DRIVER IC. IS
PROBABLY BAD.

PUT PORTS, PORT SHOXADGO

ol G0 FO REG TESY FIG 5-24.

LT3

4 CHECK METER CIROUTS.

"
BY TURNING THE RPG, THE

VOLTAGE SHOULD VARY FROM
@70 5 VOLTS

124

NG

23

HODK UP A DvM FROM TP3 10
0BS TEST POINTS ON THE A3
(FRONT PANE? ] BOARD. TURN

CHECK METER CIRCUATS

23 :
(BY TURNING THE 8PG, THE

50344 OFF THEN ON, 36T RPG
T ADJUST CURRENT

VOLIAGE SHOULD VARY FROM
¢T05V

{24}

YEL iy

b 4
£l

TG SHEET 3

(26

CHECK C¥ REFERENCE CIR-
CUIT AND DAC. USE, SA (FIG.
5-15) TO CHECK FIRST-AND
SECONG-RANK STORAE

CHECK CC REFERENCE CIRCUT
AND DAC USE 5.4 {FIS 5-15}

FO CHECK FIRGT - AND SEC-
OND-RANK STORAGE

Figure 5-16,
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1)

FROM SHEET 2

X

TURN OFF P\OWFR uON—

KECT BASE TR

Sh"JOHM) :E? UP WITH
I 1080 T

PAke(AND  {2)
PROFECTEN
CRGITS
WHICH GAN
DISAELE

Clack

PULEES

LV MOLE.

=

W RPG, ADJUST THE GV
REFERENCE {TP1 T 05
TEST POINTS ON THE

FRONT PENEL (3] BOARDE
7025

TO REET 4

(k)

i
AR
0w

O

YES

KI5 WTH 55

(243

(25

GOT)FIERE 25, 0¥
CIRCLHY

{27y

TRACE A3E-6 QUTRUT
HACK T AU BPUT

?YE-‘E

A9

5010 PULSE WIDTH MOD-
ULATOR HG 5-20,

TO T ARD TP

COMNECT GREILOSONFE |

SO ARH4, AR2, AHD
AsECTED COMPTRERTS,

T43NEHECK FOR SHORTS, ARGES]
D(}TPUY C 16, 37, T8, £24,
25, U2, CRIA, AL -

Rz,
£ WEE OﬁﬂriOKFM T
BT COMNECT

53

AERAR A3 REQUIRED AND
RETURN O BEGINNNG OF
TRUUBLESHCOTING TREE

HEPLACE 24UF

Lk

FEMOVE AR5 AND a1

REPLACE 24Ut

tasi

{361

REFLACE AL AND ﬂi"10

WITH] JEW COMPONENT:
GO 17 Fi5.5-2% DOWN
FROGRAMMER

TRAGE AR)H - GTRT
TOABLAG AT BPUT

TRACE AWV QUTPUT
BACH T A2 NBLT

CHECK 23U3 WiTH 54
Fi §415

EJNY(SW\"I

REPLAE 4342

FERLALE AdUid.

TRACE AGUH-Il QLFT
o AU 2 INT
Ny
o™ ottt et o
s
2 M Trac gz s OUTEUT
TR0 N0 BAK TG AZPE-9, WHICH
0w SR LW W
T N
s
w2 )
AUR0-§ N0 RESLAGE 281020,
oW
YEs
23 |
(e REPLACE Adilt
L7
vEs

TRACE AdUAS-13 QUTEuT
T AIUS-E NPT

Figure 5-16.
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i)

BT REG HTD CURKENY
MGOE ARD TURN [ 90w,

LA
0 TO FHURE 526 CC
CROT
= MOBE
1151
L5 N
@ 21
REPLACE 44T
BCARD: TG 25 VTS TURR
e AT FEY Sow
T
“ 360 TOFIGURE 527 0wt
SR
o &
PROCAAMMES
CIFTIRN OWP ADRIST FULLY Tv | )
THEN TURN LINE SWITO 9FF GO T FUSURE 5-25 (MW
5 LAAST 14 R BACK PROGRAMMER
El
o
TURN 50338 W

Bty BROACUE
BEYECTOR

O3 DISPLAY 4

FIST MODE
BELF TEST

(R AT Sl
vk CIRUITS R
Hlm:v iF TRROA 15 FMRLY

AN

i

HOUE SLETRAT.

Hat

REFLACE Adishy

RESLAE AL

REFLACE aduds

TRACE 4LRN 11 OUFRYT TO
ABUB-2 NPT

0 T FHGURE & HLEED
r QRCLAT

139)

CHECK A3M5 WITk S
ELIRE 53

TRAE ARB3-T OITRT
B YO AMIZ-T P

AR TR
BOCK T AZELIE, WHIGH
AT BE LW WHEN WEY

G
BN G

REPLAE &

HERC ACE AUl

Figure 5-16.

Main Troubleshooting Tree {Sheet 4 of 8)
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FROM SHEET 4

&EéRN POWER OFF AND BACK

] G0 TO FIGURE 5-32 LISTEN
TESY.

POWER SUPRLY (2]
PROGRAMMING -
LISTEN
B owrt TERED "R40Y 18 DUTRUT 785 ;"RPd4ey GF
g 26 EHD
@) :

THE 6034A OUTPUT SHOULD

BE ABOUT 40V AND 024,

RMT AND LSN £605 ON

60 TO FIGURE 5-32 HP-1B
® |ISTEN TEST
POWER SUPRLY ig) .
PROGRAMMNG - | PROCRAM:
TALK N . . o N
g: odim RFLIE] 19 QUTPUT 7a5 ;w1
17 wrt 785:"T7T°7 28 ENMTER 7885 . A%
21 red FOS5.AF 36 DISP AF
e g 5y
F: d=p HE 48 END
(T CONTAOLLER SHOULD DISPLAY

'NADD.20C" (MAY VARY DE-

PENDING ON CALIBRATION,

LOAD RESISTOR TOLERANCE,

ETC) TLK LED SHOULD BE ON

B TALK TEST

GO TO FIGURE 5-33 HP-IB

TURN POWER OFF AND BACK
ON.

TO SHEET 6

Figure 5-16.

Main Troubleshooting Tree (Sheet 5 of 8}
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FROM SHEET §

g rocram
gt orodz VRS SH 18 A=SPOLLLTAS
i: ozr A 28 DIsP A
28 EMD
3]
CONTROLLER SHOULD DISPLAY
192" SRG LED SHOULD TURN
OFF
00 T0 FICURE 5-34 SERIAL
| BOLL TEST
@
RERUN LAST PROGRAM, CON-
TROLLER SHOULD DISPLAY
b
i, | 60 T0 FioURE 5-34 SERIAL
# | TEST
i
B: poll712H 18 R=FFPOLLLY
1: dz=p A 28 DISP A
G ENHD
)
CONTROLLER SHOULD DISPLAY
o
CHECK THAT AQUS-3 (RE -
) SPGND T PARALLEL POLL)
B LOW F 1T 5, U5 MY 8E
BAD
REMOTE
P
gr wrt FAS."UiGY 18 OUTPUT 75 Crdtall oo
o 28 EHD

!

)]

S034A OVF SHOULD TRIP AND
QUTPUT SHOULD DROF TG
73 -05V

TG SHEET T

Figure 5-16.
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RETURN
TO LXAL

DEVICE
CLEAR

RESET
DEVICE
(LEAR

FROM SHEET &

(G TO FIGURE 5-35 REMOTE
VP TESE

GUTFUT vVas
EHB

o

5 R" 213

Pt Usay

e

F’: (1]

3}
60344 OUTPUT SHOULD RE-
TURK TO ITS PREVIOUS
VALLE

| GO TO FIGURE 5-36 REMOTE
"1 OVP RESET TEST

B PRESS 101 BUTTON. RMT LED
SHOWLD GG QUT USE RPG 10
SET QUTPUT TO OV

n

:

BO34A QUTPUT SHOWD GO TQ
#2 -5V, DISARLED LED
SHOULD TURN ON

8

: CHEGK DG MONITOR, FIGURE
o 5-45; ALSO AMUS-9, AQUSO-
12, AND A4UE5-2 {DC INPUTS)

{1G}

18 QUTPRJUT 78S
28 EHD

AT =
& g

TO SHEET 8

Figure 5-16. Main Troubleshooting Tree (Sheet 7 of 8}
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FROM SHEET 7

?

60344 QUTPUT SHOULD
RETURN TC TS PREVIOUS
VALUE.

ND CHECK DC MONZTOR, FIG.5-45,
A4US0-12.
TvEs
DEVICE U] PROGRAM: .
TRIGGER A
B: wrt FEITRPILYVC 18 QUTROY FURSU
28 END
2
G034A OUTPUT SHOULD NOT
CHANGE.
U0 prOGRAM:
B: tra 7A5 i T
28 b
4)
60348 OUTBUT SHOULD 60
T0 5V,
GHECK DT MONTOR, FGLRE
o] 5-96: ALSO AUS-8, MU0,
AND ALBS-3 0T mpms;
IFC @)

te

Gl [

AET
Et

CHECK CALIBRATION.

)
CHECK A4U82-13 AND A4UG-38
B1FOR IFC SIGNAL.

Figure 5-16.

Main Troubleshooting Tree {Sheet 8 of 8}
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‘ START b

DISCONNECT AJCRI, CR2, CR3
AND CR3 FROM POWER MESH]
REMOVE A2 CONTROL BOARD.
REPLACE AIF? AND TURN
URIT O,

NOTE:

1 TABLE 5-8 LISTS THE ACTIVE COMPONENTS OPERATING ON EACH POWER MESH/CONTROL.

BOARD BIAS SUPPLY.

{16}

REINSTALL A2 CONTROL
BOARD. DISCONNECY ARQI
FROM CONTROL BOARD AND
TURN UNIT ON.

DISCONNECT AlQiI FROM
POWER MESH,CHECK ARSI
AND AIVRS, REPLACE AIF2
AND TURN UNIT ON.

}
CHECK AIQH, AIT3, AlT4,

»| AND ASSOCIATED COMPO-
NENTS

: CHECK A2Q1 AND ALL CiR-
By CUITS OPERATING ON +I5V
REG {NOTE I}

RECONNECT AZGI AND Dis-
CONNECT A2Q2 FROM CON-
TROL BOARD. REPLACE AIF2
AND TURN UNIT ON.

RECONMECT AZQ2 AND DIS-
CONNECT A2UI FROM CON-
TROL BOARD. REPLACE AIF2
AND TURN UNIT ON.

{18)

RECONNECT AIQI AND DIS-
CONNECT AIQ6 FROM POWER
MESH. REPLACE AIF2 AND
TURN UNIT ON.

)
CHECK A6 AND ASSOCIA-

TED COMPONENTS

) CHECK A2Q2 AND ALL CiR-
p{ CUITS OPERATING ON 12V

REG {NOTE I}

) CHECK A2U1 AND ALL CIR-
By CUITS OPERATING ON +5V
REG{NCTE])

{3}

10}

RECONNECT A2Ui, REPLACE -
AF2, CRECK AZC2 AND AlRE
CHECK PC. BOARDS CAREFUL
LY FOR SHORTS BETWEEN
CIRCUITS

CHECK COMPONENTS QPER-
ATING ON UNREGUL ATED
BIAS SURPLIES (NOTE I,
BIAS TRANSFORMER AND
ASSGCIATED COMPONENTS,
AND FAN

RECONNECT AICR1, CR2, CR3,
(R4

-4

i)

GO TO FIGURE 5-16, MAIN
TROUBLESHOOTING TREE

Figure 5-17.
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in case of damage to FETs or
driver circuits, replace both
FETs and all other com-
ponents provided in FET Ser-
vice Kit, HP Part No.
5080-1953.

{ START '

WITH POWER QFF, REPLACE
AIQ3, AlD4, AR, ARZI, AKCRIP,
AICRI, AIRIG, AIR23, AIRGT,
AIRSE

h:

CHECK OTHER COMPONENTS
IN VICIKITY OF AfRI4 AND

AIRZH, INGLUDING WIRES TO
AITS|, FOR PHYSICAL DAMAGE!

¥

REMOVE ALGI AND AlG2

h:d

REPLACE MG AND AIQ2
ACCORDING TO INSTRUCTIONS
IN NOTE |

GO YO FIGURE 5-19,POWER

MESH SLOW TURN-ON

Note:

1. Handie FETs with care when out of circuit. Use a grounding strap to
avoid static discharge into gate. Avoid touching the gate or source pins.
Do ot oiip the leads too short when replacing FETs; they make good
test points. Be certain to replace all washers, spacers, etg. Use a smail
amount of heat sink compound on both sides of mica insulator when
replacing FETs. Do not use any haat sink compound containing siticone.
An organic zing oxide cream, such as American Od and Supply Company
Heat Sink Compound #100, is recommended.

NUTS
= = Lockwasuers
gﬂ i

MICA INSULATOR

g, HEAT SINK
e 703 INSULATCR

o ~—— PLASTIC WASHERS
H H THREADED 3TLID3
! P.C. BOARD

Figure 5-18. FET Replacement




Notes:

1. See Table b1 for recommendad model.

2. Use a dc power supply variable from 0 to at least 40 volts, with current limit set between 0.5 A and 2 A. The sasiest place
to connect the external supply is to the two thermistors, RT1 and RT2, on the power mesh. Make connaction to the posts
to which thermistors are soldered, do not make connections directiy o the thermistor leads. Connect the + output of the

external supplys to either post of RT1 {close to side of unit}. Connect the - output of the external supply to either post of

RTZ (closer 1o center of unit}.
3. AC input voltage at which Level Detector trips;
= 70 V for nominal 100 VAC
= 84 V for nominal 120 VAC

=154 V for nominal 220 VAC
= 168 V for nominal 240 VAC

DISCONNECT AiCRi, CR2, CR3,
CR4 FROM MAIN BOARD

va 4

CONNECT 60244 AC BNPUT
TO VARIABLE AUTOTRANS-
FORMER SET F0 NOMINAL
LINE VOLTAGE (NOTE 1)

3) l

CONNECT AN EXTERNAL DC
POWER SUPPLY T0O THE HIGH-
VOLTAGE RAILS (NOTE 2).
SET EXTERNAL POWER SUP-
PLY QUTPUT TQ ZEROD VOLTS,
TURN ON 60244

AIQH AND AIQZ Vgg
WAVEFQRMS OK ? 57

TRACE ON AND OFF SIGNALS
THRU DRIVER COMPONENTS,
REPLACE COMPONENTS

WHERE SIGNALS DISAPPEAR

SLOWLY INCREASE OUTPUT
EEVEXTERNAE, SUPPLY TO

NO

YES

A2u4n-]
{OUTIHIGH
?

i YES

1

8

A AND AIQ2 Vpg
WAVEFORMS 0K ? [6]

CHECK FOR CONTINUITY
AITI PRIMARY, AIT2 PRIMARY
(WIRE. LOOP). CHECK FOR
SHORTS IN SNUBBER CIR-
GUITS (AiRIZ, Ril, CRT, CB,Rig,
CRE, RIB, C9] AND FLYBACK
DIQDES (AICRS, CRE). CHECK
GRISH}EPLACE FETs (FIGURE

110}

CHECK AZRIB, RiIT, CR25,
AlTZ SECONDARY, AICRI3,
AIT! SECONDARY

(12}

CHECK AZU4B, AZR53, R4,
R47

1

COMNECT A SHORT FROM
A2U4B-T {+INP) TO BIAS

COMMON {A2U: HEAT SINK}

A2U48-|
{OBT}? LOW

s REPLACE A2u4

{15}

PEAK OF WAVEFORM [ 7] LOWER
THAN IT WAS FOUR STEPS PREVIOUSLY ?

REPLACE A2y7

117

{18} #

REMOVE SHORT FROM
A2L4B-7

{19} *

MONITOR +5V UNREG AT
A2P2-16 WITH DVM. MONITOR
PWM'ON" PULSES AT A2P2-17
TURN AC INPUT VOLTAGE
DOWN TO ZERQ AND THEN

GRADUALLY INCREASE iT

120 -

NO

22y

RECONNECT AICRI-CR4 AND
DISCONNECT AUTOTRANS-
FORMER

{23} é

GO YO FIGURE 5-16, MAIN
TROUBLESHOOTING TREE

AZPZ-17 REMAINS LOW UNTIL
+5Y UNREG REACHES
RIHBEY TOR HIOY 7

o ANOTE 3)

60 7O FIGURE 5-30 BIAS
VOLTAGE DETECTOR / AC
DROPOUT DETECTOR

{21}

Figure 5-18,

Power Mesh Siow Turn On




320 Khy SiNAL AT
AZUe-T 7 L1

i

ANY
WAVEFORM AT
AZU6-7 7

| CHECK AND/GR SEPLACE
A2CI2, AZCI3, A2YS IF
PROBLEM CONTINUES, RE-
PLACE A2LE

8]

CHECK AZ2CI2, AZ0I3,

20KH: SIGNAL

CHECK AZR4S, AZR4E IF
OK, REPLACE A2u6

AT A2P2-237
re2l

e 3]

121 NG

REPLAGE A2U5 IF PROB-
LEM CONTIMIES, REPLACE
AU

veS PWM OUTRYTY
SIGNAL AT AZI}9H-3 7

a3
i 1o

3 ' GHECK 2207 WpUTS a7 9L~ any 5O 1L heur-1z g 20
P{PINS |, 4,591 B INPYTS LOW Low REPLACE AZI7
AND 13 \; E
YES NG
o CONNECT GSCHEOSC0PE @
e L1050 S
TOAZPZ-17 ARD AZP2 -1 1143 P REFLACE Azug
TRACE 20i0% FROM AZUS-8
tAZP2-23; l22y
PN S | 50 T FIsuRE 5-49 CoNTROL
1) VOLTAGE COMPARBTOR
W CHECK A2UZ, AZUB. ANG IF PINS 3,9, AND 5 ARE ALLE, FINT
ke HiGH, REPLACE A2U7 4 123
PiN 9 sc 10 FIGURE 5-27 QwF
15 CIRCUIT
'} CHECK FOR BROKEN OR PiN 3
T SHOTED CIacUITS ON PL e g1
GO 0 FIGURE 5-16, MAMN HOAR() PIN IO | GG TG FIGURE 5-30 gAS
TROUBLESHDOT NG TREE P4 VOLTAGE DETECTOR/ AT
7 —_— DROPOUT DETECIOR
60 TG FIGURE 5- 48, 1p
LEMIT 25}
PR Y | cueck aiTs), Azgs,
CORNECTING CRCUHTS
126
PN IS 1 IF PINS 3,10, AND It ARE
ALL HIGH, REPLAGE A207
Figure 5-20. Pulse Width Modulator
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NOTE: Waveforms taken with 200-ohm 10-watt resistor connected across output terminals, output voltage and current set 1o midrange,
and OVP ADJUST set to maximum (fully CW). Except for waveforms 5 and 6, oscilloscope probe is grounded at AZU1 heat sink.

Waveaforms 5, 6, and 7 are taken with reduced voltage on 60344 input rails {see Figure 5-19, note 25

Turn power off while connecting or disconnecting test equipment from 6034A.

CAUTION

Ct] [s]
A2U6-7 A1Q1 Vgs
320kHz CLOCK AlQ2 Vgs SoN
] 0.545/ DIVISION i 105/ DIVI
| 1V/DIVISION s i £V/DIVISION
{ k
[2] CeJ
5z T K vos
4 20kHz CLOCK B 105/ DVISION
10uS/DIVISION i 10V7 DivISioN
1V/DIVISION 3
1
SeEaREES
[3] 1] B
L . —— AZU4B-6
Az2U2-9 I 1
4 PWM OUTPUT b= AN .| |pSENSE
10u5/DIVISION \ Ny 1(;3 g\‘;ng\;?é?ga”
1V/ DIVISION. 9 LY D3V/
|
(a]
TR
f ON PULSE
10,5/DVISION
2V / DIVISION
i TP 18
OFF PULSE
#0445 /DIVISION
2V / DIVISION
Figure 5-21. Power Mesh/Control Board Waveforms
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ENTER INTO THIS PROCEDURE
EITHER BECAUSE ALL LEDS COME

SELF~TEST FAILS
3

NOTE

USE ONLY A 10:1, 10 MEG PROBE
ON AT POWER-ON, OR ROM OR RAM Tc

QOBSERVE WAVEFORMS

CHECK 23 WAVEFORM
{AGUR7-21) WITH
OSCILLOSCOPE

100 NANOSEC/ DY
(] S/ DIV

OSCILLOSCOPE .

CHECK A4YI WAVEFORM
ACROSS A4CIS WITH

ACROSS A4CI9

SET JUMPERS TO FREE RUN
MODE. (SEE FI5. 5-11)
USING FIG. 5-12, TAKE
SIGNATURES 3N THE
FOLLOWING ORDER

MICROPROCESSOR (UZ7)
SECTION
D@ - DT
DBIN, MEMEN, WE
AQ - AlB
MEMORY CHIP SELECT DECO-
DERS (U22)
ROM INPUTS
RAM INPUTS

4} %

¥ ALL ABOVE SIGNATURES
ARE OK, THEN CHECK THE
SIGNATURE AT A4-TPI3 (SA
CLOCK) USING FIG. 5-13,
THEN CHECK THE ROM DATA
USING FIGURE 5-14,

THEN RETURN.

3)

iF ONLY THE RAM SELF
TEST FAILED AND THE
ABOVE PROCEDURE DID NOY
ISOLATE THE FAULTS

ABOVE
WAYEFORM
oK ?

100 NANOSEC/DIV
15V/ DV

2}

@3 {FROM TP4 TG TR2)

AdU27

CHECK A4Y1, A4CIE,
A4CI9, I OK, CHECK

CHECK RAM.
Figure 5-22. Kernel Test
T IF THE REAL TIME CLOCK
,C_ SELF TEST FAILS, CHECK:
¢ CR

T

At + OV

AS

RIS2
10K

J-4 l
RIEZ
S 5K

uis-4
{70 INPUT PORT

1) FOR SQUARE WAVE AT THE
COLLECTOR OF ABQS.

2} A3UiS AND TS ADDRESSING
(WITH SA IN THE FREE -RUN
MODE) USING FIG. 517

Figure 5-23.
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ALL POINTS TESTED ARE
ON FRONT - PANEL ASS'Y A3,

1 51 4}
is
AMT LED YES Ai‘féﬁf vEs | oHeck aszms
oy ) WITH 5.4, FIG. 515
NO NO
61
TRACE A3UIS -3 INPUT
BAGK TO A4US -7, WHICH
SHOULD BE LOW WITH
UNIT IN LOCAL
21 18)
us % 73 PULSES
ONLY HIGH Us -5 o AT U5-3 WHILE
WHILE RPG |5 ALWAYS HIGH RPG 15 BEING
BEING TURNED ? TURNED
? ?
YES
YES YES
) i6)
PuLsEs CHEGK U5 AND
ALWAYS NG THE CLEAR
AT US-3 RPE 1/0 QUTPUT
? AT W& -7
YES
3]
GHECK
THE R¥PG
3) [{:3]

us-8

HIGH WHEN

RPG TURNED CW,

AND LOW WHEN RPG

TURNED CCW
?

TES
41

GHECK I8 INPUTS
AND QUTPUTS (WITH
SA) 4 -7, U -14,
Ug ~ 15

OBSERVE BOTH KPS
GUTPUTS WITH A DUAL -
TRACE SCOPE WHILE
TURKING RPG CW

iy

i

LOOK FOR TWO SQUARE
WAVES WHICH ARE OFFSET
907 DEPENDING ON THE
CIRECTION OF ROTATION, THE
SECOND SIGNAL HAS A
LEADING EDGE DURING EITHER
THE HigH OR LOW PORTION
OF THE FIRST ONE,

HG

18}

GHECK
THE RPG

12} 173
NOD GHECK
RPG
YES
13}
GHECK W% AND THE
ASSOCIATED 1/0
INPUTS AND GUTPUTS
{14 -7, U6~ 14, U6 - 151
+5Y
Ll
s |
WHT/RED
v ys
GUTEGT ADJUST ¢Smig  FF Lz ROTATED e
WHTS B ARED
RPG i I
U““‘ i 1D
WHT/ B /BAN ol ST
il L...ﬁ,._ il B Y
MOUNTED s wl :
ON FRONT c
CHASSIS A4 Ein
13 a Gl
L B M_CK_W_%SE___ UB-15
R } N
utg- 7> RESET REG - ROTATED DECODER
Figure 5-24. RPG Test

5-38




{1

ANY

QUTPUT VOLTAGE
| (WHE THER CORRECT
OR NOT] 7

NOTE: CV REFERENCE IS MEASURED BETWEEN TP1

AND -5 TEST POINTS ON FRONT PANEL ASS'Y
A3, AND IS CONTROLLED BY RPG.

AZUI4A-1{OUTPUT) {NO
FLIPS FROM
—RV TO+H5V?

U2enE ck a2Ud AND ASSOC-
PLATED COMPONENTS

ZERO TO MAX
?

TRACE SIGNAL THROUGH
AZUI3 AND A2i14 A, AMPLI-
FIER QUTPUT SHOULD BE
HIGH WHEN +iNP. IS MORE
POSITIVE THAN -~INP IF NOT,
CHECK INPUT COMPONENTS,
AMPLIFIER, AND QUTPUT
COMPONENTS 0 END OF
LOOP.

4

(3)

GO YO FIGURE 5-16, MAIN

TROUBLESHOOTING FREE

(7
CHECK AZUI3 AND ASSOC-

SET CV REFERENCE TO
1ATED COMPONENTS ZERG

A2U2-2

13
(+INP) < Qv ? .

.} CHECK AZR50, AZCRIS,
AZUi2

TES powhz-3 (-ine)
¥ A POSITIVE -
GOING RAMP(;?

N0 M oupck azwiza, azcss,
A2RA0, AZRSS

REPLACE AZUi2

1)

REPLACE A2UT

Figure 5-26. CV Circuit
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NOYE :

CC REFERENCE 15 MEASURED BETWEEN

TP3 AND ON FRONT PANEL ASS'Y

A3, AND I8

CONTROLLED BY RPG.

. . -
p _ ! {azu1iD-4 FLIPS FROM 15
1~ ANY QUTPUT ™ SET GC REFERENCE HIGH (R 415v) TO Low |
< CURRENT {WHETHER {TP3 TO OBS} TO =1 (20 -12V) AS CC REF 15§ P CHECK AZuli
, CORRECT OR s 0 VOLTS WITH RPG I VARIED NEAR O VOLTS |
S NOT) P N -
INo
2} &
SET CC REFERENCE
(TP3-0BS) TO 2.8V ) _ 15)
WiTH RPS. OUTPUTS OF ™ CHECK AMPLIFIERS
iﬁciﬁli';‘i” AND ASSOCIATED
7 i
! LOOP FLIP COMPONENTS
ARZE T CHECK VOLTAGE . ?
A POSITVE DIVIDERS N ]
VOLTAGE AZULIS INPUT 0}
~ ? CIRCUITS. :
SET €C REFERENCE
{TP3 TO OBS) TO O
4) VOLTS WITH THE RPG
TRACE SIGNAL THROUGH
ARUIID, UI4B, UG, OP
AMP OUTPUT SHOULD 17}
BE HIGH WHEN + INOUT CHECK A2R50
15 MORE POSITIVE THAN SRiT, U
— INFUT. IF NOT, CHECK
INPUT COMPONENTS,
AMPLIFIER AND OUT~
PUT COMPONENTS TO )
END OF LOOP, - : -
AZUIZ=3 A, CHECK A2RIZ3
< POSITIVE GOING ™3 n At mEe
5) "~ ROME 2 o €35, R40, B
G0 TO FIGURE 516
MAIN TROUBLE —
SHOOTING TREE )
CHECK A2UT
CHE CK
AZUIZ
Figure 5-26. CC Circuit




i

TURN OVP ADJUST FULLY COUNTER L0CKWISE
INCREASE QUTPUT VOLTAGE ABOVE 2V

14

CHECK
az U7

TURN OVP ABJUST
FULLY CW. TURM
LINE SWITCH OFF
FOR AT LEAST {
SECOND THEK
BACK 0N

6),~" ove
Lep oFF S

YES

18!

TURN UP QUTPUT
TO 60 VOLTS.

G0 TO FIGURE 5-16
MAIN TROUBLE-
SHOOTING TREE

{19}

PRESS THE OVP DISPLAY
BUTTON ANDREAD THE
VALUE DISPLAYED

CHECK
ALl

{20}

U3}~ Az i18-14
f0v INPUT PORT)
HIGH °

{14}

GO INTO SA MODE
AND CHECK OVP
INPUT PORT (A3
Yis-14} USING
FIGURE 5-18

Ali-8

Wy SN,
- ®

(25

CHECK INVERTER A4
B26-13,12 AND ALSO
CHECK CONNEGTIONS
AKD BOARD SEATING
AS SIGNAL GOES FROM
THE AI BD TQ THE A2
BH TO THE A3 BD.

26}

<" A8
HOH [+12)

s

TURN URIT GFF, THERN
OBSERVE THE QUTPUT
OF THE 60344 WiTH AN
0SCILLOSCOPE WHILE
TURNING UNIT BACX ON

DOES
PUT START
RISING 2

~wf(A2] WHICH COMES FAOM

TURN 8034 A POWER OFF
THEN DISCONNECY CABLE
FROM CONTROL BOARD

THE FRONT PANEL BOARD
AZ)L TURN POWER BACK
ON, OBSERVE LEVEL AT
J2-15, THE CABLE CONN.

27

32)

CHECK A3R43,
RiB7, R154

133}

EXAMINE THE INPUTS
OF AL THE POSITIVE
HPUY {L1-10) SHOULD
BE LARGER THAN THE
NEGATIVE INPUT (-9}

140

GO INTD 5A MODE AND
CHECK OvP RESET
QUTPUT PORT ARUI4 -6,

USING FIGURE 5-15.

THECK ANGE,
(3, RS1 R4T

{43)

CHECK THE DISABLE SWITCH
(A3G4, (5] AND THE DISABLE
OUTPUT PORT AMN4-4, Ui4 -4
s SHOULD BE HIGH. IF 8OT,
CHECK ADDRESSING AND
U4 WITH FISURE 5-15.
RECONNECT CABLE.

UNSOLDER ONE END OF
AJCRE, TURN UNIT ON.

WITH UNIT TURNED OFF,

44}

CHECK A4VRI,
R3, P2, R4

148}

CHEGK AlUE RSI
R4¥, C3LCR28

GHEGK AZCR3, UG
R43, RI53,RISA.RIGT

SET OUTPUT VOLTAGE
TO 30 YOLTS,

THE OVE CIRCUIT PROBABLY
WORKS, BUT THE QUTPUT IS

RISING UNCONTROLLABLY ON

TURN-ON USING THE $LOW

START SET-uP (FIGURE 5-19),
CHECK THE CY AND CC LOOPS
IN THE POWER MESH AT LOW
BUS VOLTAGE {20V] THE OVP

CIRCUIT CAN BE DISABLED BY

SMORTENg BASE TOEMITTER

QF AL-Q

(31}

G0 TO FIGURE 5-35
REMOTE OVP

RE SOLDER A3-CR2Z

{47 . _J
T RESOLDER
[ ARz

Figure 5-27.

Local OVP Circuit
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START

-8V AVAILABLE
ACROSS AIC3S 7
T s

NG CHECK AIG39, Alll4, AITS
PING 1 AND 13

H
1 CHECK ANVRI, AR44, AA43,
MRGZ, AllISA

CHECK AIQS, AIRJT, MIUS

)
CHECK AIQ6

Figure 5-28. Bleed Circuit

H ABJUST RPG FOR 0.5V CV

REFERENCE [MEASURED SE-

TWEEN TE AD-$ TEST

POINTS ON FRONY PANEL
ASS'Y A3}

CHECK AIQS, AIGIO

}
MEASURE VOLTAGE ACROSS
AlR3S

AUID-14
iOUTE; <

) , ' 3
SHORT AICR?8 ANODE 70 | 02 ] s f)
1A AND INPUT CHECK AIUID AND INPUT
BlAS CONNCR {-5i oF CHECK AIGS, AIQKD K CHECK AL,

AUih -

AUID-14
(ourlqv

uT) <
7

| CHECK AIVR4, R46, R4S,
"] RS0

CHECK AIIA AND INPUT
COMPONENTS

AR35 VOLTAGE BOES TO
1 OV 7 SECONDS AFTER
G0 10 FIGURE 5-16, MAlN AICR2B ANGBE 15 GROUNDED 7
TROUBLESHOOTING TREE

Figure 5-29. Down Programmer
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‘ START }

CONNECT 6024 AC iNPUT TO
VARIABLE AUTOTRANSFOR-
MER IF NOT ALREADY SC
CONNECTED (NOTE 4}

MONITOR +5Y UNREG ATAZP2
- 16 WITH DVM GRADALLY
INCREASE AC INPUT VOLT-
AGE FROM ZERD TO NOMN-
AL LINE VOLTAGE

NO

YES

e

DOES A206 COLLECTOR 60
TO AND REMAIN > 2V UNTIL
+5V UNREG REACHES mu+8.6V
TO 2+I0V, THEN DROP 10
<0AY 7 (NOTE 2

,-/

CHECK AZQ5, A2Q6, A2Q7,
A2QH4, A2VR2 AND ASSOC-
IATED COMPONENTS

YES

REMOVE A2Q84

CONNECT A SHORT ACRCSS
AIRIZ6

7

REMOVE SHORT FROM
AlRI26

3

Notes:

1. See Table 51 for recommended model

2. AC input voltage at which Bias Voltage Detectar trips:
= 70V for nominal 100VAC
= 84V for nominal 120VAC

i

164Y for nominal 220VAC

= 168V for nominal 240VAC

REPLACE A2Qi4 WITH
NEW COMPONENT

}
REINSTALL A2QI4, REFLACE
A2U4 AND A2uT

k4

A2U4C-8 (-INP} MORE NEGA-
TIVE THAN A2U4C-9 {(+INP)?

REMOVE SHORT FROM
AZRI26, REPLACE A2CH|

REMOVE SHORT FROM A2ZRI26, REPLACE A2U4

IF THIS TREE WAS ENTERED
FROM FIGURE 5-19, POWER
MESH SLOW TURN ON, RE-
CONMECT AICR!-CR4 AND
aE‘»gONNECT AUTOTRANSFOR]

GO TO FIGURE 5-16, MAIN
TROUBLESHOOTING TREE

Figure 5-30.
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INTERRUPTS TEST

AaLBY
32t
‘_ A4US2
aaura-s TR 3[ 0 2 THER nf,
— R 2 WIZ L quer-22
saqs-g B8 7 IR 2, .
i e —— L NTL jquzros
sauda-g MESHL U 10 PWRMESH 13,
J— e L AGUZT-24
aagia-c PONE 13 2 A V.
LATCH e 49
o5y PRIORITY

E ENCODER

™6 TPi I

VWhen an interrupt condition occeurs, itis latched into A4UBT, A code corresponding to the highest priority active inter-
rupt appears at the output of A4UB2, which is connected to the interrupt inputs of the microprocassor (A4UZ7).

H a self test interrupt error occurs, check the lines entering A4UB1. i a higher priority interrupt is stuck on, no lowsr
priority interrupt can occur; therefore, the real problem may not be the ong indicated by the self test, When self test
stops on an interrupt error, the arror state should continue to exist, so it can be examined. I the inputs to A4U51
are as expected according to the chart below, check A4UB1T, A4USB2, and A4UZ27 llow probability that microprocessor
Ad4U27 failure would lead user to this area).

INTERRUPT INPUTS INTERRUPT DUTPUTS
Type of Interrupt Us1-13 521 U511 Uhi6 Us1-3 U526 TH | U527 INTY | U528 INT2

(Highest Priosity) PONZ| L X X X X L ] L
Sig. Anal. H L X X X L H H

Pur. Mesh H H L X X h L L

HP 1B H Ho | H L X H L H

Fimer H H H H L H H L

None h T Y i H H H H

If an input to A4UB1T is wrong, trace the signal back to its originating circuit using the following guidelines.

Figure 5-31. Self Test Failures (Sheet 1 of 3)
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AT #f POWER MESH INTERRUPT (D NOT OCCUR

{3}

TRACE TV, &C, AND OV TO

| POWER MESH. INTERRUPT EN-

P ABLE [A41i44-5} AND LATCH

AND RESET {A4UZ-1) CAN BE

CHECKED WITH S.A. FIGURE 5-

5, CHECK IWTERRUPT ENABLE
: AT ABUS3-12 AND RESET AT

{2 ARG -12.

CHECK AQUSH, A4US2, AND

AGU2T

FULT %3 THER WTERRUPT DD WOT 0CCUR

SWITCH UNIT TG SIGNATURE
ANALYSIS MODE.

2T CHECK FOR THIS WAVEFORM
AT AJUTA-5
Pt} 50ms |
05ms < 1< 3ms
CHECK TMER TRIGGER AT
| A3L14-5 WITH SA, FIGS-15
CHECK ONE-SHOT A3UT4.
T RETURN TO SELF TEST

MODE AND CHECK A4USH,
A4USZ, AND A4UZT

FUAT 4 POWER MESH WTERRUPT WILL NOT CLEAR

{3

CHECK A3UI3-12 WITH S.A
FIGURE 5-6

A4U44-5
Low?

@) ' &
CHECK AGUSH, A4USZ, AND

AUFT CHECK AdU44.

{7}

{1

BT 5 WTERRUPT OCCURRED WHEN IT SHOULD NOT

1 8e CERTAN ISOLATED COM-
MONS ARE SHORTED TOGETH-
£R (A4TP! TG AGTPZ OR
TP

AAUSS-9
HiGH?

_ | CHECK Aduss, AdUb2, AND
"1 adu2T

B CHECK A4U3I, AJQI5.

SWITCH UNIT TO SIGNATURE
ANALYSIS MODE.

USING FI6.5-47, CHECK SIG-
NATURES AT A4U68-5 AND
A4U68-6.

USE S.A. TO TRACE INPUTS

&1 ACROSS ISOLATION. NOTE

THAT TEST SET-UP CHANGES

Al ISOLATION

RETURN TO MAIN TROUBLE-
SHOOTING TREE, F16 5-16
AT HP-IB SECTION.

FUAT #6 TIMER ITERRUPT TIMING WRONG

SWITCH UNIT TO SIGNATURE
ANALYSIS MODE.

CHECK WAVEFORM AT AGUA-S
(SEE FAULT #3 ABOVE). IF
INCORRECT, CHECK AdU74,

AdR26, A4CH

Figure 5-31.

5.-45

Self Test Failures {Shest 2 of 3)




POWER MESH MODE TEST

i)
ENSURE THAT THERE IS NO

LOAD ON BO34A
y
2 pRoGRAM
B owrt THS 18 OUTEUT 7Tas UM G
oo A EHD

{3}

MBS -6 SHOULD BE LOW.

(4}

18 GUTFJT 73 M2 G°

EHD

(5}
ABUIE-7 SHOULD BE LOW

k.

IF EITHER M! OR M2 IS IN
£RROR, USE 3.4 [FIG 5-15}
TG TRACE SIGNALS
TOWARD AdlI2T

(6)

{7H UNIT cAN BE PUT INTO CY
MODE BY PROGRAMMING AN
OUTPUT VOLTAGE WITH OUT-
FUT TERMINALS OPEN COIR-
CUITED, O INTO ©C MODE
WITH QUTPUT TERMINALS
SHORT CIRCUITED, CHECK
AdUZ AND A4 INPUTS
AND OUTPUTS.

(8}

USE 5.4 (FIG 5-45) TO
CHECK A3UIS INPUTS

READBACK COMPARATORS TEST

REFERENCES CAN BE CONTROLLED WITH RPG, OUTPUT CAN BE
VARIED FROM OPEN TO SHORT CIRCUIT. GUTPUT OF COMPARATOR
SHOULD BE HIGH WHEN NON-INVERTING INPUT (+) IS MORE

POSITIVE THAN INVERTING INPUT { -],

FAULT &7

CHECK A3U11 AND ASSOCIATED COMPONENTS. USE S.A. (FIG 5-15)

TO CHECK A3U15,

FAULTS #3 and 4

CHECK A3US AND ASSGCIATED COMPONENTS. USE 8.A. (FIG 5-15)

TO CHECK A3UG.

OVP TEST

GO TO FIGURE 5-35

HP-IB TEST
GO TO FIGURE 538

Figure 5-31.

Soif Test Failures {Sheet 3 of 3)
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i
TURN POWER OFF AND BACK
ON,

RMT LED
OFF?

CHECK LED DRIVER A3i2
AND ASSOCIATED CIRCUITS

CHECK LED DRIVER ABN3

| AND ASSCCIATED CIRCUITS.

@)

P

=

o]

“ uw
—

]

R

-}

L

I
-

e
B
3%

i

1@

DATRAT 785
END

N S-S LR

GH

2]
RMT LED NO
Oh?
YES
(4]

& CHECK AN TRANSCEIVER (FIG.
5-37). F OK, CHECK CIRCUITS
#,3,4,6,7 IN ACCOMPANYING
LIST

(14}

{15

CHECK TRANCEIVERS {F1G. 5~

P 371 IF ALL OK, CHECK AdUS,

TRACE REMOYTE SIGNAL
ACROSS ISOLATION {A4U37-2
SHOULD BE LOW, A4U37-4
HIGH) TO ABUI5-3 (HIGH). IF
OK, USE S.A. (FiB 5-5) TO
CHECK A3UIS ADDRESSING

CHECK TRANCEWERS {FIG. 5-

37} AND A4DSL IF ALL OK,
CHECK A4US.

CHECK LED DRIVER A3UI3
AND ASSOCIATED CIRCUITS,

CHECK OPTOCOUPLER A4qU32

CHECK CRCLETS ®2-5, TRE
N ACCOMPANYING LIST.

Figure 5-32.
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THE FOLLOWING CIRCUITS SHOULD BE CHECKED IN LISTED ORDER. AFTER ANY REPAIR, RETURN TG LISTEN
TEST SECTION OF MAIN TREE. NOTE THAT iF CHI (A4U5} IS CORRECTLY DECODING LISTEN COMMANDS,
A4DST WILL REFLECT LISTEN STATE REGARDLESS OF FRONT-PANEL LSN LED.

1. TRANSCEIVERS SEE FIGURE 5-37.

CHECK THAT DIO LINES, EOI, ATN, REN, IFC ARE GETTING TO CHI (A4UB}, AND THAT 3-WIRE HANDSHAKE
WORKS.

2. DEVICE CLEAR

PROGRAM:
#g: clr 7 18 CLERR 7
it 9to B 8 GaT0 14
28 END

CHECK FOR POSITIVE PULSES AT A4U71-3 AND NEGATIVE PULSES AT Ad4U71-4.
3. HP-IB INTERRUPT LOOP SEE FIGURE 5-38.

USE THE DC SIGNAL PROGRAM ABOVE.

4. LOAD/SHIFT PROTECTION CIRCUIT SEE FIGURE 5-39.

USE THE DC SIGNAL PROGRAM ABOVE.

5. LISTEN MONITOR SEE FIGURE 5-40.

WHILE RUNNING THE PROGRAM IN FIGURE 5-40, ALSO CHECK TO SEE IF RMT LED GOES ON. IF NOT, TRACE
REMOTE SIGNAL FROM CHI (A4U27) ACROSS ISOLATION TO 1/0 INPUT A3U15-3.

8, LISTEN HANDSHAKE/RECEIVE MONITOR SEL FIGURE 5-41.
7. MULTIPLEXERS AND DATA SHIFTER/OUTPUT BUFFER CIRCUITS SEE FIGURE 5-42,
8. iF ABOVE CIRCUITS ALL CHECK QUT, CHECK CRUIN RELATED COMPONENTS IN MICROCOMPUTER SECTION.

Figure 5-32. HP-IB Listen Tests {Sheet 2 of 2}
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61

“A4DS 2

TLK LED NO UINTERNAL CHECK TRANSCEIVERS
ON TALK LEDS {FI6 5-37) AND A4DSZ.
? ON F ALL OK, CHECK A4U5.
?
YES
2) 5)

CHECK CIRCUITS # 1~ 4,
6.7 IN ACCOMPANYING
LisT.

CHECK OPTOCQUPLER
A4U3R

3}

CHECK CIRCUITS #2-7
IN ACCOMPANYING LIST

THE FOLLOWING TESTS SHOULD BE DONE ONLY {F THE LISTEN FUNCTION

WORKS PROPERLY, AFTER ANY REPAIR, RETUHN TO TALK TEST SECTION OF

MAIN TREE. IF THE SYSTEM {8 HUNG UP, TESTS £ AND 7 MAY INDICATE STUCK
HANDSHAKE LiNES. NOTE THAT {F CHI{A4U5) IS CORRECTLY DECODING TALK
COMMANDS, A4D52 WILl REFLECY TALK STATE REGARDLESS OF FRONT - PANEL TLK LED.

I. TALK MONIiTOR SEE FIGURE 5 - 40

2. TRANSMIT ENABLE MONITOR SEE FIGURE 5 -40

3. HP - I8 INTERRUPT LOOP SEE FIGURE 5-38
USING THE PROGRAMS LISTED [N FIGURE 5 - 40, CHECK THAT AN INTERRUPT
CCCURS FOR BOTH TALK AND TRANSMIT ENABLE.

4. LOAD/SHIFT PROTECTION CIRCUIT SEE FIGURE 5 -39

5. TALK HANDSHAKE SEE FIGURE 5-43

6. MULTIPLEXERS AND DATA SHIFTER/QUTPUT BUFFER CIRCUITS SEE FIGURE 542

7. TRANSCEIVERS SEE FIGURE §5-37

Figure 5-33. HP-1B Talk Tests

THE FOLLOWING TESTS SHOULD BE DONE ONLY IF THE LISTEN AND TALK FUNCTIONS WORK PROPERLY,
AFTER ANY REPAIR, RETURN TO LISTEN TEST SECTION QOF MAIN TREE.

1. SRQ TRANSCENER SEE FIGURE 5-37.
IT 15 NECESSARY ONLY TO CHECK SRQ TRANSCEIVER

2. 5.P.T.E MONITOR 3EE FIGURE 5-44,

3. HP-IP INTERRUPT LOOP SEE FIGURE 5-38.
USE THE S P.T.E. MONITOR PROGRAM LISTED IN FIGURE 5-44,

4. LCAD/SHIFT PROTECTICON SEE FIGURE 5-39.
USE THE S.P.T.E. MONITCR PROGRAM LISTED IN FIGURF 5-44,

5. DATA SHIFTER SEE FIGURE 5-42.

Figure 5-34. Serial Poll Tests
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REMOTE OVP SHOULD BE TESTED AFTER PROPER
OPERATION OF LOCAL OVP HAS BEEN VERIFIED

1}

PROGRAM -
B owrt FAS. U

' 28 EHD

WHERE XX.XXX 18 THE SOFT VOLTAGE LIMIT ,

TIMES THE SOFT VOLTAGE LIMIT.

5 T i8 QuTRUT 7G5

PR LR

THE REMOTELY PROGRAMMED OVP LEVEL 18 2V +1.04

AR TAT SR ]

i; i

2) ¥

MONITOR THE REMOTE OVP REFERENCE
AMPLIFIER {A3U4) OUTPUT AT A3TPS6.
THE VOLTAGE AT A3TP6 SHOULD BE

1/ THE OVP TRIP VOLTAGE.

3) Y

CHECK THE DIGITAL INPUT TO THE
OVP DAC {A4US) IN SIGNATURE
ANALYSIS MODE USING SETUP IN FIGURE 5-15

4} ¥

MONITOR A3TPS WHILE VARYING
OVP FULL SCALE ADJUST A3R42.
IF A3TP6 DOES NOT VARY, CHECK
AMPLIFIER A3U4 AND ASSOCIATED
COMPONENTS.

5) ¥

THE LOWER OF TWO OVP REFERENCE
VOLTAGES { LOCAL OR REMOTE)
CONTRCOLS OVP. TO FORCE CONTROL
TO LOCAL OVP, REMGVE A3CRZ.

TO FORCE CONTROL TO REMCTE OVF
REMOVE A3CR3. REMEMBER TO
REPLACE COMPONENTS AFTER
TROUBLESHOOTING.

Figure 5-35. Remote OVP Test
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1)

PROGRAM :

—

OUTPUT 7Fas
EHD

B owrt TE5:TPEGY 18  HPSEY

UEBYE" 2

&0

dzay G

6034A SHGULD BE OVERVOLTAGE MODE

2) ¥

USING A LOGIC PROBE, MONITOR AtuUl~10, AND PROGRAM :

QUTFOT 78BS  uéay ¢ R
EHD

facu]
e

-

—+
et
a3
(%)

cEY 18
20

o

4}

LOW ™

PULSE AT

AlUL-1C
?

[YES

CHECK AlUl

6)

MONITOR AIQI2 ~-BASE AND
REPEAT BOTH PROGRAM LINES

l 9)

, HIGH

PULSE AT

AlQl2 -8
?

MCNITOR A3U!i4 -6 AND
REPEAT BOTH PROGRAM LINES

YES

8} 10}

12)

HIGH

CHECK AiQi2

PULSE AT
A3U14 -6

CHECK A3Ul4

?

It)

TRACE RESET SIiGNAL
FROM A3UI4 TO A3d2 -12,
AzZJdi-l2, AZPI-86, AIXAZ -8.
CHECK AICR30Q.

Figure 5-36. Remote OVP Reset Test
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For the DIQ lines, transceiver is controiled by the CHI DIO Enable ocutput {A4US-29;, IFC, REN, and ATN buffers are
always in receive mode, SRQ is always in send mode. EOI, DAV, NRFD, and NDAC transceiver direction is controlled
by DAV/EQ! enable; therefore, data will only flow in each direction at certain times. For example, the controiler can
never drive the SRQ line to the CHI, and if the CHI thinks that the 6034A is the talker, the conirolier cannot drive
the DIO lings. To check the fransceivers, test them in the listen direction first, The following program controis the
DIC lines individually. Note that the controller sends its talk address before setting the DIO line. When using HP-IB
register instructions it Is very important 1o follow this protocol. If pulses are not seen on the transceiver output for
the Di0 line being tested, check that the data is not baing lost in the interface, and that the enable line for that transceiver
is Jow. If all data lines check out but improper data transmission is suspected, run the program for each line again
and check that no other data line changes, which would indicate a short te the line under test.

HP-iB CONTROL LINES
Use logic probe or remove wait to use oscilloscope

gz oli T ig | DIO LIME TEST

1: epmd Te"UY 28 REORTIO 7 1 SEMOS IFC

2: ent "Which 3@ SEND 7 s MTR ! MUST BE TALKE
oIo lire® i1 P

Chrauah 517 48 RESUME 7 1 TURN OFF ATN

ar i Ll or S8 DISF “DI0 LINE TO BE MIGGLED
Lrgiato 2 58 DISF "ENTER R HUMEER,1 THROU
di owtl BeSiwnd GH v
4 211L-1] 78 ITHPUT L
£: ato 4 29 IF L<1 0OR L:*3 THEN GOTO &@
9@ CONTROL 7.3 5 2~ilL-1)
188 WAIT 288
118 CONTROL 7.3 ; @
120 WRIT 209
126 COTO 58
143 EHD
EQI
g1 ol 7 14 ¢+ E0I TEST
1t cad 7aU" 28 ABORTIN 7
Sy omti BeTiuti 3Im SEWD T NMTA
A4t EEA 43 ASSERT 7:8 ® WALIT 506
344 . SAA
Lo ldaihalh SN SG ASSERT 7:8 & MAIT S8
GowRL M erMil 68 GOTD 48
N l:lﬂ 1t S 70 EMD
4: 3to 2

tFC {ALSO TURNS ON REN}

B: il Tiuait 18 |V IMTERFHCE CLEARAR TEST
= 28 ¢ IFC BLIMKES
1: ato @ 26 | RATHER THAM A SET LEVEL
’ 43 AEORTIC 7
5@ WAIT S66
A3 GOTO 48
7@ EHD
18 1 ATH TEST
: 2% ABORTIO T
= IH ASSERT 718 & WAIT 586
e T 48 ASSERT 7.8 B WRAIT 500
o WR L s6 GaTo 30
RERT-:E 58 EHD
oAt o

Figure 5-37. Transceivers Circuit (Sheet 1 of 2}
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REMOTE ENABLE

g: cli 7 i ! REMOTE EMABLE TEST
1t cmd 727U 28 RBORTIN 7

Fropti BeTFiwid 8 ASSERT viad @ HRIT S5
FeiOBiwolt SEQ 48 ASSERT 7:8 B MAIT 5468
- e s i 5E G0To 38

@3t He St d 50 EHD

Feif8iuait BG4 -

4: 3to I

AV, NDAC, NRFD
All three handshzake ines should have movement

Br o ooceed TeUHT 19 ZEHO 7 ; MMLA
Iy gto @ 20 GOTD 18
28 EHD

60344 AS TALKER
The only difference between data readback and serial poll for the transceivers is DAV, The Serial Poll Monitor circuit

drives A4U47-2 low during serial poli to prevent the 6034A from sending not-DAV. When the serial poll data has been
put on the DIO lines AdU47-2 goes high. With the following program, the 6034A should drive the DIO lines, EOI, and
DAV. If DAV is not being sent by the transceivers, check the DAV Enable circuit and the Serial Poll Monitor circuit.

g red T8E.F im EMTER 785 5 H
3 END
SRO

To turn on SRQ, momentarily short A4Q2 collactor 1o emitter. If SRQ turns on, test the rest of the circuitry by turning
power off and back on. To turn off SRQ, program:

B: poz (TBESI2H 1R FA=SPOLLC7ES:
e EHD
n
MONITOR SRQ AT A4TPIT,
TURN POWER OFF AND BACK
ON.
51
SHORT A4Q2
COLLECTOR TO
EMITTER
MO i
9)
PROGRAM SERIAL CHEGK A4US3, zzggEaii?)sf;Hw
! 4UBs4, A4US N
POLL A48 Y ISOLATION AT A4US3
T4
SHORT A4QZ
BASE TO
EMITTER

REYURN TG
MAIN TREE

Figure 5-37.
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10 CHEGK THE WP — I8 INTERRUPT LDOP, GHECK
PULSE WIDTHS AT LISTED LOCATIONS ON THE ® ' 0w
ANNOTATED SCHEMATIC WHILE RUNNING THE

FOLLOWING PROGRAM

u 300 ns
groclr 7 1@ CLERF V © e 5000
1: ats B TE GoTo 18
@ EHD ® JUIITI T 160 70 5000s
() CHECK WiTH SIGNATURE ANALYSIS (SEE EISURE 5-47)
CLEAR NT. {19}
73 tgw“’sm-:ga ’"Sl" veBA & © urza
@@‘?—2_ 4} & 4 S i 3 l 8 1 13 NE
i 3 e @ 215
U4sA 2
o baTs . = e ; 5 . !
__JD f R e o — R
14
ox
N CLEAR INTERRUPT DECODER —nmonmcmmnd
sk
) _
ues T i5 4 Wp-BWLin @
QP, 5 a RX/CX
= T R30 R
SPTE VITALKARH] iz R3O
ALISTEN 5
. +5Y
alEL £ s ®
ATALK i
0T () 3
§¢ nn
TH i
\J
uss8
R @ wplo o 1R D@  pe-18 INTERAUPT
pii— TO MICROCOMPUTER
FLEAR T (L0 BL
2 J4
FoRE Lndg S

CD INPUTS FROM CHI AND MONITOR CIRCUITS NOTE
CHANGE ON HP-1B

(Z) GNE-SHMOT UT2A 1S TRIGGERED
{3} BuS - INTERRUPT FLIP FLOP U558 IS $£Y

@ MICROCOMPUTER |5 INFORMED OF HP 1B INTERRUPT
ViA OPTOCOUPLER.

{5y T2 AND T3 PULSES ARE DECGDED TO CLEAR NTERRUFT

(6) UBBA PREVENTS UTZA FROM BEING RE-TRIGEERED UNTIL
U558 IS RESET NOTE THAT IF U85 ATTEMPTS TO
TRIGGER UVZ2A WHILE UBBA -5 |5 HIGH, UTZA Witl
BE TRIGGERED AFTER UB8A-5 GOES LOW AGAIN

Figure 5-38. HP-IB Interrupt Loop
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TO CHECK THE LOAD/SHFT PROTECTION CHIRCUIT, CHECK
WAVEFORMS AT LISTED LOCATIONS ON THE ANNOTATED
SCHEMATIC WHILE RUNNING THE FOLLOWING PROGRAM

g colr 7 18 CLERRE 7
1t gta 0 28 G070 14
2@ EHD

® @ @ ®
® / i gﬁ,u.S/DiV
® eI’
© 1]

}‘,,

e
100 TO 500449

ua7c

E S—
8 LOAD/SHIFT
18]

HE -18 INTERRUPT
FROM UBEB-9

l'\E\) HP -IB INTERRUPT OCCURS , U47C -8 GOES HIGH (LOAD)

{(2) FIRST PULSE FROM T2 (WHICH LOADS THE DATA SHIFTER)
TRIGGERS ONE-SHOT UT28. U4TC-8 GOES LOW (SHIFT).
SUBSEQUENT HP-IB WTERRUPTS CANNOT CAUSE LOAD
CONDITION UNTIL U728 TIMES OUT

(3) SEVEN PULSES FROM T2 (WHICH SHIET DATA FROM DATA
SHIFTERS ACRGSS ISCOLATION TO CRUING RE- TRIGGER UTZ28
U728 MUST sSTay ACTIVE UNTIL AFYIR SEVEN SHIFT PULSES

(4) AFTER U728 TIMES OUT, HP-IB INTERRUPTS CAN CAUSE
LOAD CONDITION

Figure 5-39. Load/Shift Protection Circuit
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THE QUTPUTS OF THESE CIRCUITS GO LOW TO INDICATE A CHANGE IN THE SIGNAL FROM CHi. WHEN THE
HP-IB INTERRUPT PULSE IS SENT TO THE MICROCOMPUTER THE UB2 FLIP FLOPS ARE CLOCKED. THE “NEW"
DATA THEN BECOMES THE “OLD" DATA, AND THE MONITORS WAIT FOR THE NEXT CHANGE. TO CHECK
THE MONITORS, LOOKX FOR A STREAM OF PULSES AT BOTH MONITCR QUTPUTS (TO STATUS 8YTE MUX
AND TO INTERRUPT NAND GATE! WHILE RUNNING THE FOLLOWING PROGRAMS,

LISTEN
B oomd FatEted 18 SEHD 7 o UpL LISTEH =
" 2 GOTO 18
1: -_31- o l-:'l 3‘2‘ EHD
TALK
B red TOAS.T i SEMD 7 o UHT THLE S
1: =9to @ 28 L0700 18
EH EHMD
TRANSMIT ENABLE (T.E.1}
g eli ¥ 1@ SEND 7 o UHY THLE 5
1t cod 7o E" 15 RESUME 7
S bl BEaTFiwti 28 LOTO 19
= 12z 38 END
35 owti BrViuwtl
Tel32
41 dmp -2

Figure 5-40. Listen, Talk, Transmit Enable Monitor Circuits (Sheet 1 of 2}
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PO US

N

oHI ysd-12 0
T.E. B STATUS
[ TALK e ox
e UAS - 10 Mux
ADGRESSED TO LISTEN US4A
N
II ™~
L
i
TRANSMIT ENABLE |
+5Y
s W11
ADDRESSED TO TALK B a3
e rerem——— . i R28
j 245
.\V/v
us3 By ied
FE ! by i
LISTEN 4 3
1o . 2
o N0 B
TE :
E. 5 a " " 5 A
B NG
i
S ot 1 L. X i o
5 i A S
Hone © £

TO HF -1B
INTERRUPT
NAND GATE

Figure 5-40.

Listen, Talk, Transmit Enable Montior Circuits (Sheet 2 of 2)
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THE FOLLOWING TESTS ARE DONE IF THE 6034A WILL NOT LISTEN PROPERLY. THE TRANSCEIVERS, HP-IB
INTERRUPT LOOP, LOAD/SHIFT PROTECTION, AND LISTEN MONITOR CIRCUITS SHOULD BE CHECKED FIRST,
THEM, ATTEMPT TO 1SOLATE THE PROBLEM TO CHI, THE TRANSCEIVERS, OR ELSEWHMERE. IF CHI, THE
TRANSCEIVERS, OR ELSEWHERE. IF CHI IS CORRECTLY DECODING THE LISTEN ADDRESS, A4DS1 (LISTEN)
SHOULD BE LIT ON THE A4 BOARD, EVEN IF THE FRONT-PANEL L8N LED iS NOT ON. IF THE MICROCOM-
PUTER IS CORRECTLY DECODING THE LISTEN STATE, THE FRONT-PANEL LSN LED (A3DS18) SHOULD BE LIT.
TO TEST THE LISTEN CIRCUITS, FIRST RUN THE BASIC HANDSHAKE PROGRAM AND CHECK WAVEFORMS
AT THE LISTED LOCATIONS, IF CORRECT, THEN CHECK WAVEFORMS WITH THE SECOND PROGRAM.

BASIC HANDSHAKE PROGRAM -

B cmd FTao"UE"" 1 SENHD 7 5 MTA LIETEH =
: 28 OUTFUT 7 5
1t ato O 23 GOTD 1we
48 EHD
() 6034A IS READY TO
A4UTE-6 RECEIVE READY RECEIVE A BYTE
v R REA I [ (Z) BYTE 1S AVAILABLE ON
= 0.2 ms/DIV DIO AND EOI LINES
ASLTE -1 RECEIVE HANDSHAKE (3 60344 ACCERTS BYTE
U (@) BYTE NO LONGER AVAILABLE
(&) 6034A IS READY TO RECEIVE
ANOTHER BYTE
HANDSHAKE WITH UNLISTEN PROGRAM :
B: comd Tt TUHET. 18 SEND 7 & WML MTH LISTER 5
®oow & puTRUT 7o
{: ato @ 6 GOTO 16
43 EMND

A4UTE -6 RECEIVE READY ! I U ‘_l——\{
A4UTE- 11 RECEIVE HANDSHAKE I ! ] ] f G2 ms/DIV

|

A4U64 -1 ADDRESSED TQ LISTEN U J

\* - 60344 IS UNLISTENED

REPEAT BASIC HANDSHAKE PROGRAM TO CHECK RECEIVE HANDSHAKE MONITOR

A4U68~Il——l—‘ ]_—l_ AGU68-8 GOES LOW WHEN BYTE IS
} Q.2 ms/DiV

AVAILABLE FOR 6034A TO READ IN.

A4UE8-8 A4UGB-8 RETURNS HIGH WHEN RESET
5 Y 2Y HP-1B INTERRUPT LOOP.

\---- 2 B0 ns

Figure 5-41. Listen Handshake/Receive Monitor Circuit
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THE FOLLOWING TESTS SHOULD BE DONE ONLY AFTER THE HP-1B INTERRUPT LOOP AND LOAD/SHIFT PRO-
TECTION CIRCUHTS HAVE BEEN CHECKED. THEN, CHECK A STATUS INPUT {E.G., DC) BEFORE CHECKING DATA
INPUTS TO SIMPLIFY {SOLATION.

STATUS LINES
WHEN A MULTIPLEXER ENABLE INPUT GOES LOW, WHATEVER IS AT THE MULTIPLEXER INPUTS IS TRANSFER-

RED TO THE OUTPUTS. T.E.1, TALK, AND LISTEN ARE PROVIDED BY THE BUS FUNCTIONS CIRCUITS (CHI}.
DC, DT, SPTE, AND TRANSMIT HANDSHAKE ARE FROM THE MONITOR CIRCUITS. CHECK FOR THE FOLLOW-
ING SIGNALS WHILE RUNNING THE APPROPRIATE PROGRAM.

TRANSMIT HANDSHAKE, T.E.1 SEE FIGURE 5-43

LISTEN
B cme 7aomne 1@ TEHD 7 5 UHL LISTEH =
i ste @ 1% RESHME 7
28 LGUTO 1e
23 END
TALK
Br emd Tet EC e SEHD Y o UHT TALE S
1 ato o - = PE'SUHE ra
T Z8 GOTO 1w
38 EMD
SPTE
f: rosi7B51+H 18 A=SF0OLLI7a%
1 ato & 26 EMND
DC
g: o olr 7 i3 CLERR 7
1t ato o 2w LOTO 14
28 EMO
DT
G a7 18 TRIGGER ¥
1: ato B 28 GOTD 184

B Za EHD

Figure 5-42. Multiplexers and Data Shifter/Output Buffer Circuits {Sheet 1 of 2}
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DATA SHIFTER

IF 6034A FAILS HP-IB SELF TEST, CHECK DATA SHIFTERS

1. SEE FGURE 5-39 TO CHECK SHIFT CLOCK.

2. RUN A STATUS INPUT PROGRAM (£.G., DC) WHILE CHECKING BOTH SiDES OF OPTOCOUPLERS A4U38
AND A4U39 WITH AN OSCILLOSCOPE. CHECK FOR SIGNAL DEGRADATION OF PULSES ACROSS

OPTOCOUPLERS,

3. IF NG OTHER CAUSE FOR INCORRECT DATA BEING SHIFTED IN OR OUT, REPLACE A4U40 AND A4U41.

DIO LINES

USE A DUAL-CHANNEL OSCILLOSCOPE, WITH TRIGGERING CHANNEL CONNECTED TO ENABLE INPUT (PIN
1 OR 15) OF THE MULTIPLEXER BEING TESTED. IF THE ENABLE SIGNALS ARE NOT PRESENT, TRACE BACK
TO A4U71C, A4U76D, AND CHI {A4UB). USE THE SECOND CHANNEL TO MONITOR THE MULTIPLEXER IN-
PUT/CUTPUT IN QUESTICON. iF A DIO INPUT IS WRONG, CHECK THE BUS TRANSCEIVER. THE DIO LINES MAY
BE STIMULATED IN THE PATTERN OF ANY ASClI CHARACTER WITH THE FOLLOWING PROGRAMS. THE
CHARACTER “A” IS SENT IN THE EXAMPLE, AND IS DECODED AS 1000001,

ey ocmd FsmRUET 18 SEMD 7 o UML LISTEM 5 MTH
"R 20 QUTRUT 7 ;A"
1: 3te @ I8 GOTO 1@
N 48 EHD
Figure 5-42. Multiplexers and Data Shifter/Qutput Buffer Circuits (Sheet 2 of 2}
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IF CHI (A4US} IS CORRECTLY DECODING THE TALK STATE,

A4DS2 {TALK) SHOULD BE LIT ON THE A4 BOARD, EVEN IF

THE FRONT-PANEL TLK LED IS NOT ON. If THE MICROGOMPUTER
IS CORRECTLY DECODING THE TALK STATE, THE FRONT-PANEL
TLK LED {A3DS21) SHOULD BE LIT. TO CHECK THE TALK ) AAUTB-9 TRANSMIT READY A,
CIRCUITS, CHECK WAVEFORMS AT THE LISTED LOCATIONS WHILE

RUNNING THE FOLLOWING PROGRAM.

A4U75-9  TRENSMIT RANDSHAKE —I””” o 2 ms/ DIV
g: dinm H3L18] 18 QUTRPUT 783 Asf AGUB4 13 TRANSMIT ENA 1
1t red YHSRF 26 WAIT 14 BLE ” “
2 owait 5@ 28 LOTo 1i
Zroato 1 49 EHO

Figure 5-43. Talk Handshake/Transmit Monitor Circuit

SPTE PERFORMS THREE FUNCTIONS

@ PUTS DATA SHIFTERS INTO PARALLEL OUTPUT
MODE TO DRIVE HP-IB DIQ LINES

@ DISABLES DAV UPON RECEIPT OF SERIAL POLL

@ INFORMS MICROCOMPUTER {(ViA A4US4 AND STATUS
BYTE MULTIPLEXER) OF SERIAL POLL

A4UES ~|
CHECK LISTED WAVEFORMS WHILE RUNNING y ’r

THE FOLLOWING PROGRAM
A4UTI-I0 I I I i

A=5FOLLCTES)

gr rAAz(TAS)IAH 15
i ato o 28 GOTO 18 AGUSA -3 I I i I - 0.5 ms/0lv
I8 EHD

A4UB4 -5 1 ! i I
AGLS4 -6 I E | !

Figure b-44. Serial Poll/S.P.T.E. Monitors
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BC {1 FROM CHI

USING A LOGIC PROBE,

MONITOR A4U56~9 AND PROGRAM:

g: olr 7 1% CLEAR 7
e ozto i 28 GoTo 18
36 EMD
¥

MONITOR A44U7I-3 AND REPEAT PROGRAM

i

IF D.C PULSE IS BEING RECEIVED FROM
CHi BUT IS NOY BEING SUPPLIED TO

THE STATUS BYTE MUX USE THE ANNOTATED
SCHEMATIC TO DETERMINE WHICH PART
OF DC MONITOR CIRCUIT

1S MALFUNCTIONING

3

TO INTERUPY NAND GATE

U718

uses ..
1s nc

TO STATUS

BYTE MUX

s

S

bl H
Ci i
® ] 2 [y §

+5v uT7A
.............. .
LOAD R \]2
F
.3 T— o 3
usas @ i/ PONT —tR
5 3 9
+ 5y g ¥ ]——r—

SHIFT i .
DC FROM 2 |
STATUS BYTE MUX |

A

e

@ BULSE 'S PRODUGED AT CHi OUTPUT

(2) FLIP-FLOP UB68 15 SET, REMOVING FORCED RESET FROM US4B.

\,

©

MUX, U54B-9 WILL BE HIGH AFTER FiRST SHIFT PULSE.

HOWEVER,

AND US4B-9 WiLL NOT
NOT BF RESET

iF Cri PRODUCED DL PULSE AFYER AN HP-IB
INTERRUPT WAS N PROGRESS, US4B-i2 WILL NOT BE HIGH
60 HIGH

THEREFORE, US6H WILL

QNCE D.C STATUS 1S SHIFTED INTO STATUS BYTE MUX,

U568

G\ W R{ STATUS FROM UJ588~9 WAS CLOCKED INTO STATUS BYTE

Figure 5-45,
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THE DT MONITOR 15 SIMILAR TO THE D C. MOMITOR
(FIGURE 5-45) USE THE FOLLOWING PROGRAM TO
CHECK THE DT MONITOR

B: tra 793 18 TRIGGER 7&5
1: 3to @ 28 GOTO 14

DT (Lf) TO INTERRUPT NAND GATE

) muTIA (3) usea
(i g™~ 2 ! FF S5 DT TO STATUS BYTE Mux
DT FROM  CHI U [ gl s
rS5y —HUTTE g 2 ba
b O e |
US5A g7 PONI m‘“wbﬁ
ssy dn o FF S————
SHIFT 3 bo
LT FROM STIUS 2|
BYTE MUX
”

Figure 5-46. DT Monitor Circuit
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7 R2UAB-E
1Pl Lo CHECK ARIIB

|

CHECK A2R53, AZRS4, A2R47

REPLACE AZU4

Tyes

A2U4B-7 [+INF) 2
BETWEEN +06V
AND +0.8Y 7

{4}

60 TO FIGURE 5-16, MAIN
TROUBLESHOOTING TREE

Figure 5-48. Troubleshooting fp Limit Circuit

‘ START )

<
I COMPARE A2U12-3 (-WF) TO
CONTROL VOLTAGE AT A2ul2-
2 (+INP)

DOES A2Ui2-2 EVER A2UMA-| (QUT) MORE
EXCEED AZUI2-3 7

N0

{5) NO. _

Weo 10 roures-25,cv 1 ¥ 60 70 FIGURE 5-26, o0
CIRCUIT CIRCUIT

o1 CHECK AZUI2, A2U7,
A27IR4

GO TC FIGURE 5-16, MAIN
TROUBLESHOOTING TREE

AZUI4C-8{0UT) MORE,
NEGAEIVE THAN r3-Q.5V 2 NEGATIVE THAN ny-05V7Y

<7 )
NO | GHECK A2RS0, AZRSI,

AZRIOG, AZCT, AZUI2

Figure 5-49. Troubleshooting Contrel Voltage Comparator
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5-101

5-102

REPAIR AND REPLACEMENT

Repair and replacement of most components in the

6034A require only standard techniques that should be
apparent to the technician, The following paragraphs provide
instructions for removing certain assemblies and components
for which the procedure may not be obvious upon inspection.

WARNING

To avoid the possibility of personal injury, remove
the 60344 from operation before opening the
cabinet. Turn off ac power and disconnect
the line cord, HP-IB plug, load and remate sense
leads before attempting any repair or
replacement.

CAUTION

When replacing any heatsink-mounted com-
ponents except thermostat, smear a thin coating
of heatsink compound between the component
and the heatsink. }f a mica insulator is used,
smear a thin coating of heatsink compound on
bath sides of the mica insulator,

Do not use any heatsink compound containing
sificone, which can migrate and foul electrical
contacts efsewhere in the system. An organic zing
oxide cream, such as American Oif and Supply
Company Heatsink Compound #7006, s

recommended.
5-103 Front-Panel Assembly
5-104 To remove front-panel assembly:

1. Use 1/16" hex wrench to loosen two setscrews in
QUTPUT ADJUST knob, remove knob.

2. Loosen two front-panel screws that secure front
panet to instrument.

3. Remove four screws, one near each corner, that
secure calibration panel to unit.

4, Remove six screws that secure front-panel assembly
printed-circuit board to unit {three each across top
and bottom edges of printed-circuit board.

5. Carefully pull front-pane! printed-circuit assembly
away from unit.

6. To remove front-panel printed-circuit assembly com-

pletely from unit:

a. Unplug J3 from right side and J4 from left side of
front-panel printed-circuit assembly.

b. Unplug J2 from control board assembly and
carefully feed J2 cable through chassis. Be
careful not to bend pins on J2 plug.

c. Unplug J1 from HP- IB microcomputer assembiy.
Spread connector latches at each end of JT to
release J1 from printed-circuit assembiy.

5-66

5-105
5-106
1.

2.
3.

5-107

5-108

f. When

d. Unplug J5 {RPG} from back of printed-circuit

board. When reconnecting J5 be certain to
replace in correct position. As viewed from front,
black wire is to right.

e. To protect componenis from being bent, support

printed-circuit assembly in a vice designed for the
purHose.

replacing front-panel printed-circuit
assembly be certain to re-connect all five connec-
tors. Be especially careful that J2 pins are straight
and properly located in control board socket
before pressing J2 into socket. Remember 1o
squeeze connector latches in to secure J1 to HP-
1B microcomputer assembly sockst,
Some components that stand up from printed-circuit
assembly may be bent while handling printed-circuit
assembly. Therefore, when replacing calibration
panei be certain that all components that fit through
holes in calibration panel {switches, LEDs, some
capacitors} are properly aligned before fastening
calibration panel.

Control Board

To remove control board assembly:

Remove top cover.

Unplug J2 from control board.

Remove two screws that secure control board top-
support bracket to front chassis, and remove support
bracket from control board.

Grasp control board at top center and pull upward.
Be careful no to bend any components when grip-
ping board.

When replacing control board be careful to align
printed-circuit edge plug on bottom of control board
in socket on powsr mesh assembly before pressing
control board firmly into socket.

Remember to ioad J2 cable through support bracket
before re-connecting support bracket to control
board and front chassis.

Rotary Pulse Generator (RPG)

To remove the rotary pulse generator:

Remove RPG knob, front panel, calibration panel,
and front-panel printed-circuit assembly.
Disconnect RPG plug from back of front-panel
printed-circuit assembly.

Use a 1/16" hex wrench to loosen rear setscrew on
RPG shaft extension collar and remove shaft exten-
sion.

Use a %" socket wrench to remove RPG mounting
nut from front chassis.

When replacing RPG, rotate RPG so that wires are at
approximately 6 o'clock position as viewed from
front before tightening RPG mounting nut.
Reconnect RPG plug 1o back of front panel. As view-
ed from front, biack wire is to the right.



Remember o replace shaft extension before replac-
ing front-panel printed-circuit assembly, calibration
panei, and fromt panel. Be certain that all com-
ponents on printed-circuit assembly that fit through
holes in calibration panel are properly aligned before
fastening calibration panel.

5-109 Power Mesh Thermal
Resistors
5110 When replacing RT1 and BT2 on the power mesh

assembly, unsolder component leads from the standup ter-
minals on the printed-circuit board; do not remove the stand-
up terminals. Carefully preform the replacement-compoenent
leads. To avoid breaking leads off the component, do not
bend the leads at the component.

5-111 Current-Monitor Resistor
Heatsink
5112 A heatsink bar extends upward from the power

mesh printed-circuit board at the outboard junction of R28 and
R29. The top end of the bar is bent over into the top of B28 for
support. Remove the heatsink bar hefore replacing R28. After
replacing R28, replace heatsink bar with bent end fitted inside
the top of R28.

5-113 Ab Regulator

5-114 The A5 regulator assembly is mounted on the center
chassis, which acts as a heatsink for the two regulator tran-
sistors. Figure 5-50 shows how the regulator assembly is
mounted, if one or both of the regulator transistors has to be
replaced, remove only the transistors, not the printed-circuit
assembly, as follows:

1. Remove two screws that secure each transistor to
the unit.
2. The transistors plug into sockets on the printed-

circuit assembly. Carefully pull the transistor away
from the printed-circuit assembly. If necessary to pry
the transistor out, be very careful not to damage the
mica insulator between the transistor and chassis.
Do not forget to replace mica insulator when replac-
ing transistor. Use a small amount of heatsink com-
pound on both sides of mica insulator {see CAUTION
in paragraph 5-102 concerning heatsink compound).
Be certain pins are straight before replacing tran-
sistors. Be very careful that pins are properly aligned
in printed-circuit assembly sockets before pressing
tansistor into place.

5-1156 To remove the regulator assembly, first rermove the
two transistors. Proceed as follows:
1. Unsolder six wires from printed-circuit assembily.

2. Remove two screws that secure printed-circuit
assembly to center chassis.
3. When replacing assembly be careful to replace in-

sulator board and two plastic insulators. The in-
suiator board has an 1/8" square soldered hole in
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one comer. This square should be at the top front
when the insulator board is replaced. Piastic in~
sulators should be replaced with studs protruding
through insulator board and center chassis.

INSULATOR BOARD ~CENTER CHASSIS
PLASTIC INGULATORS (2] e
REGULATOR \ CABLE. CLAMP
PRINTED) GROUT ASSEMS.Y\
gemwm 4] i A= 158
G=m | BRI LB
AT ]
R ]
gmm | 1 E _\ﬂ
TRANSISTORS (2)
5 /
Gt 1] b
(W —t
] —
== | ajis \ B
== - =
i . 3 - \ MICA INSULATORS (2)
SPACERS{Z} THREADED INSERT

Figure 5-50. AL Regulator Assembly
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5-117 If any components are replaced in the HP-IB + 5 volt
or + 12 volt bias power supplies, the output of the +5 volt
supply should be checked. Proceed as follows:

1. Bias power supply output jumpers J5 should still be
removed from troubleshooting. Otherwise, remove
the three J5 jumpers from the HP-1B bias power sup-
ply on the A4 assembly,

HP-IB Bias Power Supply Repair

2. Turr on unit and check output of HP-IB + 5 volt bias
power supply; it should be 5% {+4.75 to
+5.28 volts). Turn off unit and disconnect line cord.

3. i +5 volt output is too high, remove jumper W16 in-
stalled on A4 assembly.

4. if +5 volt output is too low, install a jumper wire for
W16 on A4 assembly.

5. Replace bias power supply output jumpers only after
checking that bias power supply output voltages are
correct,

5-118 REPLACEMENT PARTS
5-119 Section V1 of this manual contains a list of replace-

rment parts. If a part does not have a standard manufacturer's
part number, it is a special part and must be ordered directly
from Hewlett-Packard.

5-120 Some compenents are mounted with spacers, in-
sulators, etc. on ieads. Be certain to note location of all moun-
ting pieces before removing a component, and replace all
pieces in proper location,
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5-121 CALIBRATION

5-122 Calibration procedures for the 6034A are of two
types, routine and service, Routine calibration consists of
those procedures which can be done at the front calibration
panel without removing the instrument from the rack. Routine
catibration can be done whenever it is desired io check the
unit’s calibration. No routine calibration interval is recom-
mended. Service calibration consists of all the routine calibra-
tion procedures plus procedures that can only be done by
removing the top cover of the instrument. The complete sar-
vice calibration should be done, in the order presented, after
any repair. Procedures that are to be done only for service
calibration are noted in the foliowing paragraphs,

b-123 tnitial Setup
a. Use 1/16" hex wrench 1o loosen two setscrews in
QUTPUT ADJUST knob, remove knab.
. To gain access to calibration panel, loosen wwo

screws that secure front panel to instrument.

c.  Turn OVP ADJUST control {A3R43} fully clockwise.

d. Strap unit for local sensing {rear panel +Sto +, ~ &
to -}

6. Disconnect all loads from output terminals.

f, Connect an HP-1B controller {HP9825 or HPBS
recommended) to the 6034A.

q. Turn on ac power.

h. Allow unit to warm up for 30 minutes.

i To perform service calibration, ramove top cover of
instrument.

j- Figure 551 shows the location of potentiometers
used for service calibration on the A2 control board,

A2 Control Board Calibration Potentiometers

k. To alow easy connection of test probes to control
board test points, remove control board top support
bracket, and plug test connector HP part no.
1251-8016 onto control board,

I Turn off ac power when making or removing con-
nections 1o 6034A.

Procedures described herein are performed with
power supplied to the instrument, and protective
covers removed. Such procedures should be per-
formed only by service-trained personnel who -are
aware of the hazards involved (for example, fire
and electrical shock). Where procedures can be
performed without power applied. the power
should be removed.

5124 Remote OVP Calibration

a. Ensure that front-panel OVP ADJUST control
{A3R43)} is turned fully clockwise.

b, Connect DVM between test points TPS and OBS on
front-panetl assembly.

C. Adjust A3R42 {OVP FULL SCALE) for +6.45 V

+0.02V,
5125 Ip Limit Calibration
5-126 ip limit calibration should be performed only during
complete service calibration.
a. Connect test setup as shown in Figure 5-2. Open
switch S1. The load resistor should be set for less
than 14.
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Connect B6034A ac input to a variable
autotransformer set for low-line ac input voltage (see
paragraph 2-20).

Turn AZR54 fully counterclockwise,

d. Turn A2R82 {17-turn potentiometer) fully
counterclockwise. Note that this puts constant cur-
rent circuit out of calibration, and constant current
circuit must be recalibrated after ip Hmit is
calibrated.

e, Press front-panel LCL pushbutton switch to put
6024A into local mode.

f, Use RPG to adjust output voltage to +24V 0.1V,

g. Connect DVM across shunt. Close switch S1.

h.  Use RPG to adjust output current so that DVM reads

100 mV £ 1mV {10 A 0.1 A through shunt}, 6034A
should be in CC {LIMIT) mode.

i. Turn A2R54 fully clockwise.

i Connect DVM across sense terminals,

k. Adjust load resistor for +23 V £0.1 V on DVM,
60344 should remain in CC {LIMIT) mode,

N Slowly adiust A2RB4 counterclockwise just until
UNREGULATED LED turns on,

m. DBVM should inidcate +23 V 0.3 V. If not, repeat
procedure with care.

5-127 Regulation Adjustment

a. Connect test setup shown in Figure 5-2.

b. Send string “P20V C10A M1 G” to 6034A. This sets
output voltage to 20 V with a 10 A current limit.
6034A should be in CV (NORMAL} mode.

c. Connect DVM across Ry,

d.  Adjust R1 untit DVM indicates 0.09 V £0.001 V (9 A
+0.1 A through shunt), 6034A should remain in CV
{NORMAL) mode.

8, Disconnect DVM from Rpg and connsct it to 6034A
sense terminals.

{. Open switch §1 to disconnect load.

g. Record the reading on DVM.

h, Close switch $1 to reconnect load.

i Wait a few seconds for 6034A to settle. Adjust
A3R78 (REGULATION) so that reading on DVM dif-
fors from reading recorded in step g by less than
+0.3 mV,

5-128 Constant Voltage Circuit Calibration
5-129 In the following procedure, only steps b, d, f, g, and

h should be done, in order, for routine calibration. If any repair
has been done, or if the routine calibration procedures are in-
sufficient to achieve the correct 1est results, perform the com-
plete service calibration procedure.
a. Connect DVM across points 1 and 2 on A2 control
board edge test connector.

b. Send string POV C1A M1 G’ to 6034A. This sets
output voltage to O V with a 1 A current limit. 60344
should be in CV {(NORMAL) mode.

c. Adjust A3R7 {CV ZERO) for less than £1.5 mV on
DVM.

d. Connect DVM across sense terminals.
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Adjust AZRE5 for less than + 1.5 mV on DVM.
f. Adijust A3R7 (CV ZEROQ) for less than £ 1.5 mV on
DVM.

g.  Send string P60V C1A M1 G” to 6034A. This sets
output voltage to 60 V with a 1 A current limit. 6034A
should remain in CV (NORMAL} mode,

h.  Adjust A3R81 {CV FULL SCALE} for80V £3mVon
DV,

5-130 Constant Current Circuit Calibration
5-131 in the following procedure, only steps ¢, d, e, f, g,

and j should be done, in order, for routine calibration. If any

repair has been done, or if the routine calibration procedures

are insufficient to achieve the correct test results, perform the

complete service calibration procedure.

a. Connect DVM across rear-panel terminals A1 and

A2,

Adjust A2R91 for less than £ 1 mV on DVM.

Connect 0.010 shunt across output terminals.

Connect DVM across shunt,

Send string “P1V COA M2 G” to 8034A. This sets

output current to 0 A with 1V voltage limit, 6034A

should be in CC (NORMAL} mode.

Adjust A3R96 {CC ZEROQ) for less than £6x V on

DVM (less than £0.5 mA through shuntl.

Send string “P1V C10A M2 G” to 8034A. This sets

cutput current to 10 A with a 1V voltage limit. 6034A

should be in CC (NORMAL) mode. Wait 30 seconds

for curreni-monitor resistors to settle,

Adjust A3RB2 (CC FULL SCALE) to approximate

center of rotation. Wait 30 seconds for current-

monitor resistors 1o settle.

i Adjust A2R92 for 100 mV £0.05 mV on DVM (10
+0.005 A through shunt}.

i Adjust AZR82 for 100 mV £0.01 mV on DVM (10
+0.001 A through shunt).

¢ oo

5-132 Front-Panel Voltmeter Calibration

NOTE

The following procedure for calibrating the front-
panel voftmeter requires a precision voftage
source. If one is not available, the voltmeter can
be calfibrated by programming 60 volts and ad-
justing A3R4 until the front-panel voltmeter
matches a DVM across the oytput. For many
systems applications, this adjustment will be ac-
curate enough, even though the front-panel
voltmeter will not be calibrated to specification.

Turn off the 6034A.

b. Remove strap between +sense and +output
terminals. ’

C. Connect a short between + ocutput and - output
terminals.

d. Connect positive output terminals of 6116A precision

voitage source to +sense terminal of 6034A. Con-
nect negative output terminal of 61164 to the
— sense terminal of 6034A. Do not turn on 6116A.
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5-134

5-135

Connect DVM across sense terminals of 6034A.
Send string P60V C1A M2 G" to 6034A. This sets
output current to T A with a 60 V voltage fimit. 6034A
should be in CC {NORMAL) mode.

Turn on 6116A. Adjust output of 6116A for 19 V
+0.001 V on DVM.

Adjust A3R4 (VOLTMETER FULL SCALE) for 18.00
on front-panel voltmeter.

Turn off 6118A. Turn off 6034A. Disconnect test
setup and reconnect strap between +sense and
+ output terminals of 6034A.

Front-Panel Current Meter
Catibration

Disconnect all loads from output terminals.

Adjust A3R3 (CURRENT METER ZERQ) for a
reading of 0.00 A on front-panel current meter.
Connect a 0.010 shunt across output terminals.
Connect DVM across shunt.

Send string “P1V C10A M2 G’ 1o 6034A. This set
output current to 10 A with a 1V voltage fimit. 6034A
shouid be in CC (NORMAL) mode.

Adjust R8 (CURRENT METER FULL SCALE)} so that
front-panel current meter reading equals DVM
reading divided by resistance of shunt. For a 0.010
shunt, simply shift the DVM reading decimal point
two places to the right,

Remote Current Meter Calibration

Connect 2 1 k 1% 1/8 W metal fiim resistor (or
equivalent) across output terminals.

Send string "P3.75 V C0.1 A M1 G to 6034A. This
sets output voltage to 3.76 V with a 0.1 A current
limit. 6034A should be in CV (NORMAL} mode.
Run test program shown in Figure 5-52. Controller
will display NAxx.xxx, where xx.xxx is current
reading returned by the 6034A over the HP-IB.
Adjust A3R90 {REMOTE CURRENT METER ZERO!}
so that current reading displayed on the controller is
NAD0.002.

Remote Voltmeter Zero Calibration

Connect a one-foot length of AWG #26 solid copper
wire {0.41mm diameter} across output terminals. The
exact length and size of the wire is not critical; the
object is to obtain approximately 25 milliochms load
resistance.

Connect DVM across 60344 sense terminals.

Press froni-panel LCL pushbutton switch to put
6034A into local mode.

Use RPG to increase output voltage until 60344
switches to CC (LIMIT) mode.

Use RPG to adjust output current so that DVM in-
dicates 22.5 mV +0.1 mV.

Run test program shown in Figure 5-52. Controiler
will display NAxx.xxx, where xx.xxx is current reading
returned by the 6034A over the HP-IB.

Adjust A3R8Y9 {(REMOTE VOLTMETER ZEROQ) so
that reading displayed on controlier is NV00.015.
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Figure b-62. Calibration Test Programs

Remote Voltmeter Full Scale
Calibration

NOTE

The following procedure for calibrating remote
voltage readback requires a precision voltage
source. If one is not available, follow steps a, ¢,
e 1, g i f andkin the following procedure. For
many applications, this adjustrment will be ac-
curate enough, even though the voftage readback
will nat be calibrated to specification.

Turn off the 6034A.
Remove strap between +sense and + output ter-
minals,
Connect a short between + output and — output
terminals.
Connect positive output terminal of 6116A precision
voltage source to + sense terminal of 6034A. Con-
nect negative output terminals of 6116A to the
- sense terminal of 6034A. Do not turn on 6116A.
Connect DVM across sense terminals of 8034A,
Turn off 6034A,

Send string “P80V C1A M2 G” to 6034A. This sets
output current to 1 A with a 60 V voltage limit, 6034A
should be in CC {(NORMAL) mode.

Turn on B116A. Adjust output of 6116 for 54.0075 V
4+ 0.00 on DVM.

Run test program shown in Figure 5-52.

Adjust A3RB0 (REMOTE VOLTMETER FULL
SCALE) so that reading displayed on controller is
NV5H4.000 (or matches DVM reading if precision
voltage source is not used}.

Turn off 6116A. Turn off 6034A. Disconnect test
setup and reconnect strap between +sense and
+ output terminals of 6034A.



Section VI
REPLACEABLE PARTS

§-1 INTRODUCTION

6-2 This section contains information for ordering replace-
ment parts. Table 6-4 lists parts in alpha-numeric order by
reference designators and provides the following information:

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

b. Hewlett-Packard Part Number.

¢. Total Quantity {TQ} used in that assembly {given the
first time the particular part number appears}.

d. Description. Refer to Table 6-2 for abbreviations.

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

f. Manufacturer’'s Part Number or Type.

6-3 Parts not identified by reference designator are listed

at the end of Table 64 under Mechanical and/or
Miscellaneous.

Table 6-1. Reference Designators

Assermnbly

Blower

Capacitor

Diode

Signaling Device light)
Fuse

Fiker

Pulse Generator

Jack

Relay

inductor

Transistor

Resistor

Thermistor Disc
Switch

Transformer

Terminal Block
Thermal Switch
Integrated Circuit
Voltage Regulator {(Zener dicde)
Wire {Jumper)
Socket®

Oscillator

IC Resistance Netwaork

[ [T =]

—i

<C3$—IU’)IXJI’DF—7¢<—D'¥T‘“UOQW>

X

N-<><§

*Reference designator following "X’ {e.g. XA2)
indicates assembly or device mounted in socket.

g-4 ORDERING INFORMATION

6-5 To order a replacement part, address order or inquiry
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 function, and its location.

Table 6-2. Description Abbreviations

ADDR Addressable
ASSY Assembly
AWG American Wire Gauge
BUFF Buffer
CER Ceramic
COMP Carbon Film Composition
CONV Converter
DECODER/DEMULT!I  Decoder/Demultiplexer
ELECT Electrolytic
EPROM Eraseable Programmable Read-
Only Memory
FET Field Effect Transistor
FF Flip-Flop
FXD Fixed
iC Integrated Circuit
iNP Input
LED Light Emmiting Diode
MET Metalized
MOS Metal-Oxide Silicon
QP AMP Operational Amplifier
OPTO Optical
OVP Over Voltage Protection
pCB Printed Circuit Board
PORC Poreelain
POS Positive
PRIOR Priority
ROM Read-Only
Memory
RAM Random Access Memory
RECT Rectifier
REGIS Register
RES Resistor
TBAX Tube Axial
TRIG Triggered
UNJ Universal
VAR Variable
VLTG REG Voitage Regulator
WwW Wire Wound




Table 6-3. Code List of Manufacturers

Code Manufacturer Address

00853 Sangamo Electric Company Pickens, Sc

01121 Allen Bradley Company Milwaukee, Wi
01295 Texas Instruments lne, Semicon Comp Div. Dallas, TX

03508 G.E. Company, Semicon Prod. Dept. Auburn, N.Y.
04713 Motorola Semiconductor Products Phoenix, AZ
07263 Fairchild Semiconductor Div. Hicksviile, N.Y.
14936 General Instruments Corp, Semicon Prod Hicksville, N.Y.
16299 Corning Glass Works, Component Division Raieigh, NC

19701 Mepeo/Electra Corporation Mineral Wells, TX
20840 Micro-Ohm Corporation El Monte, CA
24546 Corning Glassworks Bradford, PA
27014 National Semiconductor Corporation Santa Clara, CA
27167 Corning Glassworks Wiimington, NC
28480 Hewilett-Packard Palo Alto, CA
32997 Bourns Inc. Riverside, CA
55576 Synertek Santa Clara, CA
LS ] Sprague Electric Company North Adams, MA
71400 Bussman Division of McGraw Edison Co, S5t. Louis, MG
75042 TRW Ing, Philadelphia Division Philadelphia, PA
82877 Rotron Inc Woodkstock, N.Y,
1B546 Varo Semiconductor inc Garland, TX
30585 RCA Corporation, Solid State Div Somerville, N.J,
HO027 Schurter AGH Luzern, Switzerland
30545 Nippon Electric Company Tokyo, Japan
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Table 6-4. Repiaceable Parts List

Fef. HP Mfr.
Desig. Part No. TQ Description Code Mfr. Part No.
Al Power Mesh Assembly
C1 0160-4962 1 fxd porc 1uf 250 VAC 28480
C2-.5 0180-2968 4 fxd elect 590uf 200 V 28480
Ce, 7 0160-0269 2 fxd cer 0.1xf 500 V 28480
8,9 0160-4960 2 fxd film 2200pf 1.6 kV 28480
Ci0 Not Used
C11 0160-3969 1 fxd porc. 0.016uf 250 VAC 28480
€12, 13 0150-0012 6 fxd cer 0.0%1uf 1 kV 55289 CO23A102J103MS538-CDH
Cci4 Not Used
Cib 0160-5022 1 Txd filrm 2200pf 1.6 kV 28480
16-18 0180-2971 3 ixd elect 1700uf 75 V 28480
19-20 Not Used
c21 0160-4966 2 fxd met film 1xF 100 V 28480
C22-25 0150-0012 fxd cer 0.01uf 1k V 56289 C023A102J103MS38-CDH
26 0160-4966 fxd met film 1af 100 V 28480
c27 Not Usad
c28 0160-0127 1 xd cer 1uf 26V 28480
C29, 30 Not Usad Not Used
C3t 0160-0938 1 fxd mica 1000pf 100 V 5% 28480
€32, 33 Not Used
Ci4 0180-0155 1 fxd elect 2.2uf 20 V 56289 150D225X0020A2
C35 0180-0693 1 fxd elect 1000uf 26 V 54473 ECE-AZBV1000
C36, 37 0180-2628 2 fxd elect 220uf 50 V 28480
C38 Not Used
C39 0180-0500 1 fxd elect 330uf 26 V 28480
C40 0180-1954 1 fxd elect 4.7 6 V 56289 1500475X5006A2
C41 Not Used
42 0160-4722 1 fxd cer 0.1pf 60 V 28480
CR1-4 19010759 4 diode 3 A 600 V 14936 INB406
CR5, 6 1901-1087 2 power rect 3 A 8§00 V 04713 MR856
CR7, 8 1901-1065 2 power ract 1 A 400 V 149036 IN4936
CR 9, 10 Not Used
tCR11, 12 19071-0050 9 diode switching 200 mA 80 V 28480
CR13 1901-0888 1 power rect 30 A 300 V 28480
CR14 1801-0496 1 power rect 12 A 100 V 04713 MR1121
CR15, 16 1901-0G50 diode switching 200G mA 80 V 28480
CR17-20 Not Used
CR21 1801-0050 diode switching 200 mA 80 V 28480
CR2z2, 23 19010327 2 power rect 1 A 200 V (03508 A48
CR24-27 1901-0050 diode switching 200 mA 86 V 28480
CRZ8-30 1901-0033 3 diode 200 mA 180 V 28480
F1 Not Usad
F2 2110-0084 1 fuse 1.25 A 250 V 28480
L1, 2 choke assy, consists of:
$170-0721 2 core, magnetic 23480
06024-80034 2 coil 28480
1.3 06024-80096 1 inductor 3 A 28480

1These components should all ba replaced together; service kit contains all components.
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Table 6-4. Replaceable Parts List (cont.}

Ref. HP Mir.
Desig. Part No. TQ Description Code Mifr. Part No.
14,5 2 Not Used
L6 06024-80097 1 inductor 12 A 28480
L7 choke assy 3uH, consists of;
9170-G707 1 ferrite core 28480
06024-80095 1 coil 28480
L8, 9 Not Used
L10 9170-1134 1 magnetic core 28480
Q1,2 5080-2017 2 FET 28480
T Q3 4 1854-0477 3 NPN Si 04713 2N2222A
05 1854-0755 1 NPN Si 31585 2N6254
Q6 1854-0644 1 NPN Si 31585 29C
7, 8 Not Used
Q9 1854-0823 1 NPN Si 28480
Q10 1854-0585 1 NPN Si 04713 MJE182
anl 1854-0477 NPN Si 04713 IN2Z22A,
Q12 1854-0215 1 NPN Si 04713 ZN3904
R1 0757-0433 1 fxd film 3.32 k 1% 1/8 W 24546 C4-1/8-TO-3321-F
R2 0683-1035 3 fxd comp 10 k 5% 1/4 W 01121 CB-1035
R3 0757-0438 1 fxd film 5.11 k 1% 1/8 W 24546 C4-1/8-TO-5111-F
R4 Not Used
R5, 6 0811-1867 2 fxd ww 16k 8% 5 W 28480
R7, 8 0698-3547 2 fxd comp 1 5% 1/2W 01121 EB-10G5
R3, 10 Not Used
R11 0698-3601 2 fxd film 108} 5% 27167 FP42-2-TOO-10R0O-J
R12 0811-1857 2 fxd ww 4000 5% 5 W 28480
R13 0683-1055 3 fxd comp 1M 5% 1/4' W 01121 £B-1055
t R14 0698-3378 2 fxd comp 510 5% 1/8 W 01121 BB-5105
R15 0683-3915 2 fxd comp 380 5% 1/4 W 01121 CB-3915
t R16 0683-1015 2 ixd comp 1000 5% /4 W o121 CB-1015
R17 Not Used
R18 0698-3601 fxd film 100 5% 27167 FP42-2-TOQ-10R0-J
R1g 0811-1857 fxd ww 4000 5% bW 28480
R20 (1683-1055 fxd comp 1M 5% /4 W 01121 CB-1055
t R21 0698-3378 fxd comp 511 5% 1/8 W 01121 BB-5105
R22 0683-3915% fxd com p 39041 5% 1/4 W 01127 CB-3915
t R23 0683-1015 fxd comp 1001 5% 1/4 W 01121 CB-1015
R24-26 Not Used
R27 0698-3628 1 fxd film 2200 5% 2wW 28480
R28, 29 0811-1094 2 fxd ww 0.45} 5% 28480
R30 0698-3225 1 fxd fiim 1.43k 1% 1/8 W 24545 C4-1/8-TO-1431-F
R31 0811-1865 1 fxdww 2k 1% bW 28480
R32 0689-6225 1 fxd film 6.2 k 5% 1 W 28480
R33 0683-1025 3 fxd comp 1k 5% 1/4 W o1121 CB-1025
R34 0698-0084 i frd film 2,15 k 1% 1/4 W 24546 C4-1/8-T0-2151-F
R35 0812-0019 1 fxd ww .33 5% 3 W 28480
R36 0757-0391 1 fxd film 39.2 1% /8 W 24546 C4-1/8-TO-39R2-F
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Table 6-4. Replaceabie Parts List {cont.)

Ref. HP M¥r.

Desig. Part No. TOQ Description Code Mfr, Part No.
R37 0683-1025 fxd comp 1k 5% 1/4 W o1 CB-1025

R38 0683-2725 1 fxd comp 2.7 k 5% 1/4 W 01121 CB-2725

R39 0757-0442 3 fxd film 10 k 1% 1/8 W 24546 CA4-1/8-TO-1002-F
R40 0683-1025 fxd comp 1 k 5% 1/4 W 01121 CB-1025

R41 Not Used

R42 0757-0442 fxd film 10 k 1% 1/8 W 24546 C4-1/8-TO-1002-F
R43 0757-0459 1 fxd film 56.2 k 1% 1/8 W 24546 C4-1/8-TQ-5622-F
R44 67570317 1 fxd film 1.33 k 1% 1/8 W 24545 C4-1/8-TO-1331-F
R45 Not Used

R46 0757-0472 1 fxd film 200 k 1% 1/8 W 245486 C4-1/8-T0O-2003-F
R47 0698-6342 1 fxd film 90 k 0.1% 1/8W 28480

R43 Not Used

R49 0757-0123 1 fxd film 34.8k 1% 1/8 W 28480

R50 0698-3496 1 fxd film 3.57 k 1% 1/8B W 24546 C4-1/8-TO-3571-F
R51 0698-4157 1 fxd film 10k 0.1% 1/8 W 28480

R52 Not Used

Rb3 0757-0288 1 ixd film .09 1% 1/8 W 19701 MF4C1/8-TO-8091-F
Rb4 Not Used

REB5, 56 0683-1035 fxd comp 10k 5% 1/4 W 01121 CB-1035

R57 Not Used

R58 0698-3181 1 fxd film 2.87 k 1% 1/8 W 28480

RB9, 60 Not Used

R61 0686-4715 1 fxd comp 4708 5% . W 01121 EB-4715

R62 0683-3305 1 fxd comp 330 5% 1/4 W 01121 CB-3305

R63,163, 0683-0275 3 fxd comp 2.7 5% 1/4 W 01121 CB-027%

263

R&4 0683-1055 1 fxd comp 1M 5% 1/4 W 01121 CB-1055

R65 0757-0442 fxd film 10k 1% 1/8 W 24546 C4-1/8-T0-1002-F
R66 0683-5150 1 fxd comp 510 5% 1/4 W ELEPY CB-5108

R&7, 68 0698-4132 Z fxd comp 620} 1% 1/8W 28480

RT1, 2 (839-0006 2 thermistor disc 10% 28480

31 Not Used

52 3101-1914 switch, stide, 2-DPDT 28480

Ti 060624-80090 H power transformer 28480

T2 5080-1937 H current limit transformer 28480

73, 4 5080-2018 2 driver transformer 28480

75 06024-80031 1 bias transformer 28480

TB1 (360-1903 1 barrier block, 7 term 28480

T51 3103-0017 1 thermal switch +193°F 28480

U1 18268-0161 i IC, op amp quad 04713 MELM324P

Uz, Ui2 1820-1050 2 IC, driver nor dual 2 inp 01295 SN75454BP

U3, 4 1906-0006 2 full wave bridge rect 1A 400 V 13546 VEA4S

U5 1826-0346 1 IC, op amp dual 27014 LM358N

VR1 1802-0575 2 zener 6.5V 2% 28480

VR2 1802-3002 1 zener 2.37 V 5% 28480

VR3 1602-0067 1 zener 8,49 V 5% 28480

VR4 1902-0575 zener 6.5V 2% 28480
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Table 6-4. Replaceable Parts List (cont.}

Ref. HP Mifr.
Desig. Part Mo, TQ Description Code Mfr. Part No.
VRbE 1802-3180 1 zener 11.8 V 2% 28480
VREG 1902-0064 1 zener 7.5 V 5% 28480
W1 8150-2943 wire 18 AWG, 1 inch 28480
XA Not Used
XA2 1251-1886 1 PCB edge connector 28480
A1 Power Mesh Assemblv-Mechanical and Miscsllaneous
0340-0170 H Insulated bushing for CR14 28480
0340-0171 1 Insulated bushing for CR13 28480
0340-0174 2 Insulator for Q1, 2 28480
0340-0503 2 Insulator for Q1, 2 28480
0340-0784 1 insulated bushing for 71 28480
0360-1843 8 Single stud terminal for RT1, 2, R14, 21 28480
0360-1979 8 Terminal stud for Q1, 2, 5 28480
1205-0282 1 Haatsink for Q6 28480
1251-0600 1 Contact connector 28480
2110-0288 2 Fuseholder clips for F2 28480
06024-00009 2 FET heatsink for Q%, 2 28480
06024-00010 1 Heatsink for CR13, 14, OB 28480
B80034-60003 i Cable assembly 28480
06034-80001 1 Heat dissipator 28480
0362-0265 2 Single-contact connector for fan 28480
A2 Control Board Assembly
C1, 2 0180-0291 3 fxd elect 1uf 35 V 56289 1500105X3035A2
C3, 4 0160-1074 2 fxd cer 0.47,t 25 V 28480
Cb 0160-2215 1 fxd mica 750pf 300 V 5% 28480
C6 0140-0200 1 fxd mica 390pf 300 V 5% 28480
Cc7 0160-4722 5 fxd cer 0.1uf 50 V 28480
€8 Not Used
€9, 10 0160-3070 2 fxd mica 100pf 300 V 5% 28480
c11 0180-0291 fxd aelect 1uf 35 V 56289 1HOD 105X 0835A2
€12, 13 0140-0193 4 fxd mica 240pf 300 V 5% 28480
C14-186 0160-4722 ixd cer 0.1:F 50 V 28480
C17 0140-0199 ixd mica 240 pf 300 V 5% 28480
18 0160-0155 2 fxd fiirn 6800pf 200 V 28480
C19 0160-0153 1 xd filrm 1000pf 200 V 28480
C20 0170-0040 1 fxd film G.047f 200 V 28480
Cc21 0160-0159 fxd film 6800pf 200 V 28480
czz 0140-0203 1 fxd mica 30 pf BOO V 5% 28480
C23 01605377 1 fxd film 2.2 6.3 V 28420
Czd 0160-0127 1 fxdd cer 1uf 26V 28480
c25 1060-4741 1 fxd cer 0.22uf 50 V 28480
(26 0160-4557 3 fxd cer 0. 1uf 50V 16299 CACH4XTR104MO504
c27 0160-0154 1 fxd film 2200pf 200 V 28480
C28 0180-3056 1 fxd elect 390uf 20 V 28480
c29 0160-4722 fxd cer 0. 1uf B0V 28480
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Table 6-4. Replaceable Parts List (cont.}

Ref, HP fr,

Desig. Part No. TG Pescription Code Mifr. Part No.
C30 0160-3490 2 fxd cer 1uf 50 V 28480

C31.,32 0160-4557 fxd cer 0.1uf B0 V 16299 CAC04XR104MO50A
C33 0160-0162 1 fxd film 0.022uf 200 V 28480

C3y4 0160-3420 fxd cer Tuf 650 V 28480

C35 0140-0199 fxd mica 240pf 300 V 5% 28480

C36 0160-0161 1 fxd film 0.01uf 200 V 28480

CR1 1901-0050 10 diode switching 200 mA 80 V 28480

CRz2-4 Not Used

CRS, 6 1901-0050 diode switching 200 mA 80 V 28480

CR7-10 1901-0033 8 diode 200 mA 180 V 28480

CR11-14 Not Used

CR15 1901-0033 dicde 200 mA 180 V 28480

CR1s, 17 Not Used

CR18-20 1901-0050 diode switching 200 mA 80 V 28840

CR21-22 Not Used

CR23 1901-0050 diode switching 200 mA 80 V 28480

CR24 1901-0033 diode 200 mA 180 V 28480

CR25-27 190:1-0050 diode switching 200 mA 80 V 28480

CRZ28, 29 Not Used

CR30, 31 1901-0033 diode 200 mA 180 V 28480

J1 1200-05G7 1 16 contact IC socket 28480

Q1 1854-0448 1 NPN Si 28480

02 1853-0041 1 PNP Si 28480

Q3 Not Used

Q4.8 1854-0823 6 NPN i 28480

Q9-13 Not Used

Q14 1864-0823 NPN Si 28480

R1 0683-2025 1 fxd comp 2 k 5% 1/4 W 01121 CB-2025

R2 0757-0436 1 fxd film 4.32 k 1% 1/8 W 24546 C4-1/8-TO-4321-F
R3 0698-4435 1 fxd film 2.49k k 1% 1/8 W 24546 C4-1/8-TO-2491-F
R4 07567-0290 1 fxd fiim6.19k 1% 1/8 W 19701 MiF4C1/8-TO-6191-
R& 0698-4196 1 fxd film 1.07 k 1% 1/8 W 24546 C4-1/8-TO-1071-F
Ré, 7 Not Used Not Used

R8 0767-0440 1 fxd ilm 7.5k 1% 1/8 W 24546 C4-1/8-TG-7501 ¢
Rg (1698-4484 1 fxd film 191 k 1% 1/8 W 24546 C4-1/8-TG-1912-¢
R10 Q7h7-0446 1 fxd film 15 k 1% 1/8 W 24546 C4-1/8-TO-1502-F
R11 06984470 1 fxd film 6.98 k 1% 1/8 W 24546 C4-1/8-TO-6981-F
R12-14 Not tsed

R15 0757-0442 4 fxd Hilm 10 k 1% 1/8 W 24545 C4-1/8-TO-1002-F
R16 0757-0416 1 fxd film 5116 1% 1/8 W 24546 C4-1/8-TO-511R-F
R17 0698-3449 1 fxd film 28.7 k 1% 1/8 W 24546 C4-1/8-TQ-2872-F
R18 0698-0084 8 fxd film 2,15 k 1% 1/8 W 24548 C4-1/8-TO-2161-F
R19 0757-0449 4 xd film 20k 1% 1/8 24546 C4-1/8-TO-2002-F
R20 0757-0442 xd fitm 10k 1% 1/8 W 24546 £4-1/8-TO-1002-F
R21 0757-0449 fxd fitm 20 k 1% 1/8 W 24546 €4-1/8TO-2002-F
R22 Not Used
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Table 6-4. Replaceable Parts List {cont.}

Ref. HP Mifr,

Desig. Part No. TQ Description Code Mfr. Part No.
R23, 24 0698-0084 fxd fim 2.156 k 1% 1/8 W 24548 C4-1/8-TO-2151-F
R25 G757-0413 1 fxd film 3920 1% 1/8 W 24546 C4-1/8-TO-392R-F
R26, 27 6757-0433 3 fxd film 3.32 k 1% 1/8 W 24546 C4-1/8-TO-3321-F
RZ28 Q757-0427 1 fxd fiilm 1.5 % 1% 1/8 W 24546 C4-1/8-TQ-1501-F
R29 0698-0084 fxd film 2,15 k 1% /8B W 24546 C4-1/8-TO-2161-F
R30, 31 Not Used

R3z, 33 0757-0451 fxd film 24.3 k 1% 1/8W 24546 C4-1/8-T0-2432-F
R34 0698-0084 fxd film 2,15 k 1% 1/8 W 24548 C4-1/8-T0O-2151-F
R35 0683-1055 2 fxd comp 1 M 5% 1/4 W 01121 CB-1055

R36 0683-3335 1 fxd comp 33 k 5% 1/4 W 41121 CB-3335

R37-39 Not Used

R40 (698-3488 1 fxd fim 8.66 1% 1/8 W 24546 €4-1/8-TQ-8661-F
R41, 42 Not Used

R43 0683-2225 1 fxd comp 2.2k 1% 1/8 W 24548 C4-1/8-TO-220%-F
R44 0683-1045 3 fxd comp 100 k 5% 1/4 W o1 CB-1045

R45, 46 0683-4725 2 fxd comp 4.7 k5% 1/4 W 01121 CB-4725

R47 07570418 1 fxd film 619¢ 1% 1/8 W 24546 C4-1/8-TO-619R-F
148 Not Used

R49 0698-0084 ixd film 215 k 1% 1/8 W 24546 C4-1/8-TQ-2151-F
RBO 0757-0442 fxd film 10k 1% 1/8 W 24546 C4-1/8-TG-1002-F
R51 0757-0424 1 txd film 1.1k 1% 1/8 W 24546 C4-1/8-TO-1161-F
R&2 0757-0280 2 fxd film 1k 1% 1/8 W 24646 C4-1/8-TO-1001-F
R53 0757-0447 2 fxd film 16.2 k 1% 1/8 W 24546 C4-1/8-T0O-1622-F
R54 2100-3351 H var res 5000 5% 28480

Rb5B g757-0270 2 fxd film 249 k 1% 1/8 W 24546 C4-1/8-TO-2493-F
R56 0757-0473 1 fxd film 221k 1% /8 W 24548 Ca4-1/8-TO-2213-F
R57 Not Used

RG8 0698-4536 1 fxd film 340 k 1% 1/8 W 28480

R59 (0683-6835 1 fxd comp 68 k 5% 1/4 W 013zt B-6835

RGO 0757-0461 1 xd film68.1 k 1% 1/8 W 24548 C4-1/8-T0O-6812-F
R61 0683-1045 txd comp 100 k 5% 1/4 W 01121 CB-1045

R62 0757-0270 fxd film 249 k 1% 1/8 W 24546 C4-1/8-T0O-2493-F
R63 0683-1065 i fxd comp 10 M 5% 1/4 W o1 CB-1065

R64 0698-5094 1 fxd ilm51Mb5% 1/4 W 01121 CB-5155

R85 2700-33583 1 var res 20 k 10% 28480 C4-1/8-TO-2002-F
R66 0757-0278 2 fxd film 1.78k 1% 1/8 W 28480 C4-1/8-TO-1781-F
RB7 07570447 fxd fitm 16.2 k 1% 1/8 W 24546 C4-1/8-TO-1622-F
R68 Not Used

RE69 0757-0449 fxd film 20k 1% 1/8 W 24546 C4-1/8-TO-2002-F
R70 0698-7497 1 fxd film 100 k 0.1% 1/8 W 19701 MF4C1/8-T-1003-8
R71 0698-6343 1 fxd film 9 k 0.1% 1/8 W 24546 C4-1/8-TO-9001-F
R72 0757-0400 1 fxd film 90982 1% 1/8 W 24546 C4-1/8-TO-90R9-F
R73 0686-6225 1 fxd comp 8.2k 5% 1/2 W o112 EB-6225

R74-76 Not Used

R77, 78 0686-1035 2 fxd comp 10k 5% 1/2 W o121 EB-1035

R79 (883-1055 fxd comp T M B% 1/4 W o2 CB-1085




Table 5-4. Replaceable Parts List {cont.}

Ref. HP Mfr.

Desig. Part No. TQ Description Code Mir. Part No.
R30 0757-0458 2 fxd film B1.1 k 1% 1/8 W 24546 C4-1/8-TO-b112-F
R81 0757-0442 fxd ilm 10k 1 % 1/8W 24546 C4-1/8-T0-1002-F
Rg2 0683-1645 1 fxd comp 160 k 5% 1/4 W cn21 CB-1645

R83, 85 2 Jumpers 28480

R84, 86,87 Nat Used

R83-88 Not Used

R89 0757-0280 fxd film 1k 1% 1/8 W 24546 C4-1/8-TO-1001-F
R90 0757-0344 3 fxd film Tt M 1% 1/4 W 24546 C5-1/8-TO-1004-F
RN 2100-3970 1 var res 28480

R92 2100-3969 H var res 28480

R93 (698-6341 1 fxdd film 7500 1% 1/8 W 28480

Rg4 0698-3274 1 fxd film 10k 1% 1/8 W 28480

R95 0757-0344 fxd film 1T M 1% 1/4 W 24546 C5-1/8-T0-1004-F
Ra6 0757-0433 fxd film 3.32 k 1% 18 W 24546 C4-1/8-T0-332%1-F
Rg7 0757-0344 fxd film TM 1% /4 W 24548 C4-1/8-T0-1004-F
RY98, 99 Not Used

R100 0683-5105 1 fxd comp 510 5% 1/4 W 01121 CB-5105

R104 0683-0275 1 fxd comp 2.70 5% 1/4 W 01121 CB-0275

R102 0757-0438 3 fxd film 5. 11 k 1% 1/8 W 24546 C4-1/8-TO-5111-F
R10G3-107 Not Used

R108 (698-4121 1 txd film 11.3 k 1% 1/8 W 24546 C4-1/8-TG-1132-F
R103 Not Used

R110 0757-0436 fxd film 4.32 k 1% 1/8 W 24546 C4-1/8-T0Q-4321-F
R111 0698-4014 1 fxd film 7870 1% 1/8 W 24546 C4-1/8-TQ-787R-F
R112 0757- 0458 fxd film 51.1 k 1% 1/8 W 24546 C4-1/8-TF0-5112-F
R113, 144 0698-0084 fxd film 2,15k 1% 1/8 W 24546 C4-1/8-T0O-2151-F
Ri15, 116 Not Used

R117 0757-0449 fxd film 20 k 1% 1/8 W 24546 C4-1/8-TO-2002-F
R118 0698-3430 1 fxd film 21.52 1% 1/8 W 24548 C4-1/8TO-2152-F
R119 Not Used

R120 0757-0438 fxd filmB5.11 k1% 1/8 W 24546 C4-1/8-TO-B111-F
R121 0757-0421 fxd film 8250 1% 1/8 W 24546 C4-1/8-TQ-825R-F
R122 0757-0282 1 fxd film 22192 1% 1/8 W 24546 C4-1/8-TQ-221R-F
R123 (757-0438 fxd film 5,11k 1% 1/8 W 24546 Ca-1/8-TO-5111-F
R124 0683-1045 fxd comp 100 k 5% 1/4 W o121 CB-1045

RiZ5 Not Used

R126 (757-0278 fxd film 1.78 k 1% 1/8 W 24546

Ut 1828-0144 1 IC, vitgreg, +5V 04713 MC7805CP

Uz, 3 1820-0493 2 iC, op amp 27014 LM307N

U4 1826-0138 1 {C, comparator guad 01295 LMVI339N

us 1820-1443 1 IC, counter bin 01295 SN74LS293N

us 1826-0065 2 IC, comparator 50545 UPC311C

u7 1820-1203 1 {C, tri 3-inp pos-and gate 61295 SN74L.ST1N

us 1820-1209 1 IC, quad 2 inp pos-nand buff op coll out 01295 SN74L.538N

U9 1820-1112 1 iC, dual D-type pos-edge trig FF 01295 SN74L.574AN
U10 1820-1437 1 IC, dual monos multiv 01295 SN74L5221N

U1t 1826-0524 1 IC, op amp quad 27014 LM324AN




Table 6-4. Replaceable Parts List {cont.)

Ref. HP Mfr.
Desig. Part No., TQ Description Code Mfr. Part No.
12 1826-0065 IC, comparator S06 545 UPC311C
U13 1820-0477 1 IC, op amp S0 b45 UPC301AC
u14 1826-0161 1 IC, op amp quad 04713 MLM324P
VR1 1802-0777 1 zenar 6.2 V 5% 04713 IN825
VR2 1902-0575 1 zener 8.5V 2% 28480
VR3 1902-0057 zener 6,49 V 5% 28480
Y1 0960-0586 ] ceramic resonator 28480
Z1 1810-0231 1 res, network 01121 2084222
Z2 1810-0279 1 res, network 01121 2104472
A2 Control Board Assembly-Mechanical and Miscellansous

1200-0181 2 Insulator for QF, 2 28480

1205-0282 1 Heatsink for U1 28480

0590-0199 1 Hex nut with lockwasher for U1 28480
A3 Front Pansl Assembly
C1 0140-0190 2 fxd mica 39pf 300 V 5% 28480
cz, 3 0160-4722 15 fxd cer 0.1pf BO V 28480
C4-6 0160-4761 16 fxd cer 0.01xf 100V 28480
Cc7 0180-0032 1 ixd elect 10uf 12 V 56289 30D106G0O12BA2
Cc8 0160-4761 fxd cer 0.01uf 100V 28480
o 0180-0059 3 fxd elect 10uf 25 V 56289 3¢Db106GO25BB2
C10 0160-4761 fxd cer 0.01uf 100V 28486
C11 0180-0059 fxd elect 10uf 25 V 56288 30D106G0O26BB2
C12, 13 0170-0040 2 fxd filrm 0.047uf 200 V 28480
C14, 15 0160-0166 2 fxd film 0.068uf 200 V 28480
Cc16 Not Used
C17-19 0160-4722 fxd cer 0.1 BO V 28480
20 Not Used
c21-23 0160-4722 fxd cer 0.14f B0V 28480
C24 Not Used
€25 0160-4722 fxd cer 0.14f B0V 28480
Cc2¢ 0160-4801 2 fxd cer 100pf 100 V 5% 28480
C27 0160-4722 fxd cor 0. 1pf 5O V 28480
C28, 29 0160-4761 fxd cer 0.01pf 100 V 28480
C3¢, 3 0160-4722 fxd cer 0.1uf 50 V 28480
C3z 0160-5101 2 fxed met film 1uf 83 V 28480
C33 0160-4722 fxd cer 0.1, 50 vV 28480
C34 0160-4801 fxd cer 100pF 10 V 5% 28480
35, 36 0160-4761 fxd cer 0.0tuf 100 V ' 28480
Cc37 0166-0174 1 fxd cer 0.47,f 25 V 28480
C38 Q160-4761 #xd cer 0.01uf 106 V 28480
C39, 40 0160-4722 fxd cer 0.1, B0 V 28480
c41 0140-0190 fxd mica 38pf 369 V 5% 284380
Caz 0160-4761 fxd cer 0.01uf 100V 28480
Cca3 0180-0059 fxd elect 10uf 25 V 56289 30D106G025BB2
C44-48 0160-4761 fxd cer 0.0%uf 100V 28480
C49 0160-5101 fxd met film 1pf 63 V 28480




Table 6-4. Replaceable Parts List (cont.)

Ref. HP Mifr.

Desig. Part No. TQ Description Code Mfr. Part No.

CR1, 2 1901-0461 3 dicde 200 mA 10V 28480

CR3 1801-0033 4 dicde 200 mA 180 V 28480

CR4 1801-0461 diode 200 mA 10 V 28480

CRb, 6 Not Used

CR7, 8 1901-0376 2 diode BO mA 35 V 28480

CRY, 10 1901-0033 diode 200mA 180 V 28480

CR11 Not Used

CR12 1901-0033 diode 200 mA 180 V 28480

DS 1990-0681 2 display, single digit, & 28480 B082-7656

D&z4 1990-0540 6 7-segment display 28480 5082-7650

D355 1990-0681 display, single digit, + 28480 K082-7656

D36-8 1980-0540 7-sagment display 28480 5082-7650

b59 1950-0772 1 LED 28480 HLMP-2655

DS10-25 1990-0831 16 I.ED 28480

Gl ~06034-60006 1 rgtary puise generator assembly b 28480

41 A&B 06034-60004 1 J1 Cable Agsampy™ T 28480

J2 06034-60005 ] J2 Cable Assembly ' 28480

43, 4 1251-7217 2 connector 28480

Js 1251-7690

K1 0490-1013 1 relay 28480

L1 9100-1618 1 coil 5.6aH 10% 28480

Q1,2 1853-0281 2 PNP Si 04713 2ZN2807A

Q3 1853-0036 1 PNP Si 28480

04 1863-0099 1 PNP Si 28480

Q5-8 1854-0823 4 NPN Si 28480

"1 0757-0465 3 fxd fibm 100k 1% 1/8 W 24546 C4-1/8-TG-1003-F
- Rz 0698-6351 2 fxd film 133k 1% 1/8 W 28480
*R3 2100-3214 3 var res 100 k 28480

R4 2100-3659 2 var res 20 k 0% 32997 3292W-1-203

R5 0658-7845 2 fxd film21.5 k 1% 1/8 W 19701 MF4C1/8-T9-2152-F

R6 0698-6351 fxd fitm 133 k 1% 1/8 W 28480

R7 2100-3097 2 var res, 100 k 10% 32997 3292W-1-104

83 2100-3659 var res, 20 k 10% 32997 3292W-1.203

A9 0698-7845 fxe fiim 21,5k 1% /8 W 19701 MF4C1/8-T9-2102-F

R10 0698-6342 2 fxd film 90 k 1% 1/8 W 28480

RN 0811.3164 1 fxd ww 9 k 0.05% 20840 114-1/32-9001-A

R12 0811-3198 1 fxd ww 1 k 0.06% 28480

R13-16 Not Used

R17 0683- 8205 1 fxd comp 820 6% 1/4 W 0121 CB 8205

R18 0686-7515 1 fxd comp 7800 5% 1/2W onz EB-7515

R19 0698-4157 1 fxd film 10k 0.1% 1/8W 28480

R20 0698-6342 fxd film 80 k 1% 1/8 W 28480

R21 0698-55563 1 fxd film 26 k 1% 1/8 W 28480

R22 0698-7961 ¥ fud film 806k 1% 1/8 W 24648 C4-1/8-TO-8062 F
~ R23 0683-4315 3 fxd comp 4300 5% 1/4 W 01121 CB-4315

R24 0683-1035 3 fxd comp 10k 5% 1/4 W 01124 CB-1035

R25 (683-3935 3 fxd comp 39 k 5% 1/4 W 01121 CB-3935

RZ6 0757-0439 1 fxd film 6.81 k 1% 1/8'W 24546 C4-1/8-70-6811-F




Table 6-4. Replaceable Parts List {cont.)

Ref. HP fvifr.

Desig. Part No. TGQ Description Code Mifr. Part No.
R27 0698-6960 1 fxd film 27 k 1% 1/8 W 28480

R28 0683-3935 fxd comp 39 k 5% /4 W 01121 CB-3935

R29 0698-4500 i fxd film 57.6 k 1% 1/8 W 24546 C4-1/8-TO-B762-F
R30 0757-0433 1 fxd film 3.32 k 1% 1/8 W 24546 C4-1/8-TO-3321-F
R3t 0698-5449 1 fxd fiim 5 k 0.1% 1/8 W 19701 MF4C-1/8-T2-5001-8
R32 0698-6863 1 fxd film 1.537 k 0.26% 1/8 W 28480

B33, 34 (683-4315 fxd comp 43081 5% 1/4 W o021 CB-4315

R35 0683-1015 3 fxd comp 1002 5% /4 W 01121 CB-1015

R38, 37 (757-0481 2 fxd film 4765 k 1% 1/8' W 19701 MF4C1/8-TO-47563-F
A38 0757-0270 1 fxd §ilm 249 k 1% 1/8 W 24546 C4-1/8-TO-2493
R39 0883-6225 1 fxd comp 6.2 k 5% 1/4 W 01121 CB-6225

R40 (683-3625 1 fxd comp 3.6 k 5% 1/4 W 01121 CB-3625

R4t 0698-0085 1 fxd flm 261k 1% 1/8 W 24546 C4-1/8-T0-2611-F
R4z 2100-3211 1 var res 1 k 10% 28480

R43 21001775 1 var res 5 k 5% 32997 3292W-1-502

R44 0683-3935 fxd comp 39 k 5% 1/4 W 01121 CB-3935

R45, 48 0683-1035 fxd comp 10k 6% 1/4 W 01121 CB-1035

R47 0757-0344 4 fxd film 1M 1% 1/4 W 24546 C5-1/8-TO-1004-F
R48, 49 0683-1055 2 fxd comp 1M 5% 1/4 W o2 CB-1005

RBO, 51 07670344 fxd film 1M 1% 1/4 W 24546 C5-1/8-TO-1004-F
R&2 0757-0289 1 fxd film 13.3k 1% 1/8 W 19701 MF4C1/8-T(Q-1332-F
R53 0698-8751 1 fxd film 147 k5% 1/8' W 28480

R54 0683-2225 3 fxd comp 2.2 k5% 174 W o121 CB-2225

R55, 56 0757-0395 2 fxd film 56.2 &k 1% 1/8 W 24546 C4-1/8-TO-5622-F
RG7 0757-0934 1 fxd film 2.7k 2% 1/8W 24546 C4-1/8TO-2701-F
R58 0698-6318 txd film 1.5 K 1% 1/8B W 28480

R59 0757-0442 5] fxd film 10k 1% 1/8 W 24546 C4-1/8 TO-1002-F
R60 0698-4121 1 fxd film 113k 1% 1/8W 24546 C4-1/8TOQO-1132-F
B61-70 0683-3018 15 fxd comp 3004 5% 1!4 w 01121 CB-3015

R71 0698-7082 1. fxd fitrn 100 k 1% 1/8 W 28480

R72 0698-3226 i fxqd fiim 6.49 k 1% 1/8 W 24546 Ca-1/8-TO-6491-F
R73 0698-8184 1 fxd film 7.5k 1% 1/8 W 19701 MF4C1/8-T9-7501-F
R74 (0698-3493 2 fxd film 412k 1% 1/8' W 24548 C4-1/8-TC-MN21-F
R75 0683-3015 fxd comp 3000 5% 1/4 W o CB-3015

R76 0683-5115 1 fxd comp 5100 5% 1/4 W 01121 CB-5115

R77 0698-3493 txd fitm 4.12k 1% 1/8 W 24546 C4-1/8TO-4121-F
R78 2100-3089 2 var res 5 k 10% 32997 3292wW-1-502

R79 0699-0236 1 fxd film 2.5 kK 1% 1/8 W 28480

R80 2100-3089 var res b k 0% 32997 3292W-1-802

R81, 82 2100-3214 var res 100 k 10% 28480

RB3-86 0757-0467 4 txd film 121 k 1% 1/8 W 24548 C4-1/8-TO-1213-F
RB7, 88 0757-0278 2 fxd ilm 1.78 k 1% 1/8 W 28480

RB9, 30 2100-3210 2 vat res 10 k 10% 28480

RS Q7570200 2 fxd film 562 k 1% 1/8W 24546 C4-1/8-TO-5621-F
ROz, 23 0683-2735 2 fxd comp 27 kK 5% 1/4 W 01121 CB-2736

R84 0757-0465 fxd film 100k 1% 1/8 W 24546 C4-1/8-70-1003-F
R95 0757-0344 fxd fim 1M 1% 1/4 W 24546 C4-1/8-T0-1004-F
R96 2100-3097 var res 100 k 10% 32997 3292W-1-104
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Table 8-4. Replaceable Parts List {cont.)

Ref. HP Mfr,

Desig. Part No. TG Description Code Mfr. Part No.
R97-99 0683-3015 fxd comp 3000 5% 1/4 W 01121 CB-3015
R100-120, _

122-142 0683-2015 44 fxd comp 2000 5% 1/4 W 012 CB-2015
R121, 145 0683-1015 2 fxd comp 1000 5% 1/4W 01121 CB-1015
R143 0683-4325 1 fxd comp 4.3k 5% 1/4 W 01121 CB-4325
R144, 146 0683-2015 fxd comp 2000 5% 1/4 W 01121 CB-2015
R147 0683-3015 fxd comp 30011 5% 1/4 W 01121 CB-3015
R148 0683-1026 1 fxd comp 1tk 5% 1/4 W 01121 CB-1025
R149 0683-2225 fxd comp 2.2k 5% 1/4 W 01121 CB-2225
R150 0683-4715 1 fxd comp 4700 6% 1/4 W 01121 CB-4715
R1ib1 0683-6845 1 fxd comp 680 k 5% 1/4 W 01121 CB-6845
R152 0757-0279 1 fxd film 3.6k 1% /8 W 24546 C4-1/8-TO-3161-F
R153-156 0757-0442 fxd film 10k 1% 1/8W 24546 C4-1/8-TO-1002-F
R157 0757-0465 fxd film 100 k 1% 1/8 W 24548 C4-1/8-TO-1003-F
R158 Not Used .
R159 0757-0442 fxd film 10 k 1% 1/8 W 24546 C4-1/8-TO-1002-F
R160 0698-4444 fxd film 4.87 k 1% 1/8 W 24546 C4-1/8-TO-4871-F
R161 0683-2025 1 fxd comp 2 k5% 1/4 W o1 CB-2025
R162 $757-0438 1 ixd film 5.11 k 1% 1/8 W 24548 C4-1/8-TO-5111-F
R163 G757-0200 fxd fim 562k 1% 1/8 W 24546 C4-1/8-TQ-6621-F
R164 0683-2225 fxd comp 2.2 k 5% 1/4 W 01121 CB-2226
51 3101-2628 1 switch, pushbutton, OQVP DISPLAY 98480
52, 3 5060-9436 2 switch, pushbutton; QUTPUT ADJ LCiL 28480
ut.,2 1826-0876 2 IC, A/D Converter
U3 1826-0138 1 IC., comparator quad 01295 { M339N
U4 1820-0493 2 IC, op amp 27014 LM307N
ub 1820-1112 1 IC, dual D-type pos-edge-trig FF 01295 SN74L.574AN
LJg 1820-1298 3 IC, data select muttiplex 1295 SN74L.5251N
L7 1826-0493 2 IC, op amp 27014 LM30BAN
U8 1826-0183 2 IC, comparator 07363 UA7344C
Usg 1820-1298 1€, data select multiplex 01295 SN74LS251N
Uto 1826-0493 IC, op amp 27014 LM308AN
Uit 1826-0183 tC, comparator 07263 UAT34HC
U12-14 1820-1729 3 iC, B-bit addr latch 01295 SN74LS259N
s 1820-1298 G, data select multiptex 01295 SN74LS251TN
u1e 1820-0493 IC, op amp 27014 LM307N
VR1 1802-3092 1 zener 4.99 V 2% 28480
VA2 1902-0575 2 zener 6.5V 2% 28480
VR3 1902-3148 1 zener 9.08 V 5% 28480
VR4 1902-0575 zener 6.5V 2% 28480
VRS Not Used
VRE 1902-3104 1 zener 562 V 5% 28480

A3 Eront Panel Assembly-Mechanical and Miscellaneous
1200-0508 8 14 contact IC socket for DS1-8 28480
120G-0564 1 8 contact IC socket for DS9 28480
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Table 6-4. Replaceable Parts List {cont.)

Ref. HP Mfr.
Desig. Part No. TQ Description Code Mifr. Part No.
1200-0840 1 Multi contact connector, SA socket 28480
1251-7401 2 Single contact connector 28480
4040-1815 16 LED standoffs 28480
06034-60004 1 Cable assembly for J1A, 1B 28480
06034-60005 1 Cable assembly for J2 28480
5020-5786 1 Coupler for G1 28480
1251-2615 16-pin mode conn.
A4 HP-1B/Microprocessor Assembly
c1 Not Usad
cz 0160-4722 11 fxd cer 0.1uf 5OV 28486
C3 4 0180-0291 4 fxd elect 1uf 35 V 56289 1500106 X9035A2
Ch 0146-0191 1 fxd mica 56pf 300 V B% 28480
Cé 0160-4761 14 fxd cer 0.01,F 100 V 28480
C7.8 0160-4722 fxd cer 0.1uf BO V 28480
Cs, 10 Not Used
Ctt, 12 0180-0291 fxd elect 1uf 35V b6283 150D 105X9035A2
C13-17 0160-4722 fxd cer 0.1 50 V 28480
18, 19 0160-2197 3 fxd mica 10pf 300 V 5% 28480
C20 0160-4761 fxd cer 0.07xf 100 V 28480
c2 Not Used
c22, 23 0160-4751 fxd-cer 0.01.f 100 V 28480
C24, 25 Not Used
C26 0160-4761 fxd cer 0.01uf 100 V 28480
c27 Not Used
C28 0180-0634 2 fxd elect 180f 50 V 00853 300ER181UCB0OB
€29, 30 0160-4722 fxd cer 0. 1uf BO V 28480
c3 0160-4781 fxd cer 0.01uf 100 V 28480
€32, 33 0180-0230 4 fxd elect 1uf B0V 56289 150D150X0050A2
C34 0180-0634 fxd elect 180uf B0 V 00853 300ER1BTUOS0B
C35 01806-0230 fxd elect Tuf 50V 56289 150D105X0050A2
C36 0160-4761 fxd cer 0.01xf 100 V 28480
C37 Not Used
C38-41 0156-0121 4 fxd cer 0.1pf B0V 28480
42 0160-0263 4 fxd cer 0.22uf 50 V 28480
C43 Naot Used
C44-47 0160-4761 fxd cer 0.01:f 100 V 28480
48 0160-2735 1 fxd rmica 1000pf 100 V 6% 28480
C49 0180-1893 2 fxd elect 1460uf 46 V 28480
CB0 0180-2796 2 ixd elect 8300pf 20 V 00853 B00632U020AA28
Ch1 0170-0019 1 fxd fitm 0.14f 200 V 5% 28480
€62, 53 Not Used
Cs4 0180-2685 2 fxd elect 1000aF 12 V 00853 301TAERTIIUO1ZR
Chh 0160-6127 3 fxd cer 1uF 2BV 28480
C56 Me0-2197 fxd mica 10pf 300 V 5% 28480
Cs7 0180-1883 fxd elect 1460uf 45 V 28480
C58 0186-2796 fxd elect 6300uf 20 V 00853 500632U020AA2B
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Table 6-4. Replaceable Parts List {cont.}

Ref, HP wifr,

Desig. Part No. TQ Description Code Mfr. Part No.
Chg 0160-0263 fxd cer 0.22uf 50 V 28480

€e0 Not Used

81 0160-0263 ixd cer 0.22uf 50 V 28480

C62 0180-2695 fxd elect 1000xf 12 V 00853 30TAERT02U012B
63 0810-0230 fxd slect 1uf 50 V 56289 150D 105X0050A2
64 Not Used

Ce5 0160-4761 fxd cer 0.01uf 100 V 28480

C66 Mot Used

C67, 68 0160-4761 txd cor 0.01.F 100 V 28480

69 0160-0263 fxd cer 0.22uF 50 V 28480

c7m Not Used

Cc71, 72 0160- 3070 2 #xd mica 100pf 300 V 5% 28480

C73, 74 0160-0127 fxd cer Tpf 26V 28480

C75, 76 0160-0804 2 fxd cer 0.05uf 1k V 28480

C77 0160-4722 fxd cer 6. 1uf B0V 28480

CR1, 2 1801-0033 6 diode 200mA 180 V 28480

CR3 Not Used

CR4-7 19010327 11 power rect, 1 A 200V 03508 AdB

CR8, 9 1901-0418 2 powar rect, 1.5 A 400 V 28480

CR10-13 19010327 power rect. 1 A 200V 03508 Atl4B

CR14, 15 19010418 power rect. 1.5 A 400V 28480

CR16, 17 1901-0327 power rect. T A 200 V 03508 Al14B

CR18 Not Used

CR19 1901-0327 power rect. T A 200 V 03508 Al4B

CR20-23 1901-0060 4 diode switching 200 mA 80 V 28480

CR24 Not Used

CR25-28 1901-0033 diode 200 mA 180 V 28480

DSt 2 1990-0488 2 LED 28480

F1 2110-0063 1 fuse 0.70 A 280 V 28480

J1 1251-5722 1 50 pin connector 28480

J2 12580189 2 connector 28480

J3 1251-4303 1 15 pin connector 28480

J4 1251-3283 24 pin connector 28480

J5 1258-0189 connector 28480

a1, 2 1854-0823 10 NPN Si 28480

Q3 1853-0036 2 PNP Si 28480

Q4 Not Used

Qb 18530036 PNP Si 28480

Q6, 7 Not Used

Q815 1854-0823 NPN i 28480

R1 Not Used

Rz 0757-0279 2 fxd film 3.16 k 1% 1/8 W 24546 C4.-1/8-TO-3161-F
R3 0757-0422 1 fxd fiim 8098 1% 1/8 W 28480

R4 0757-0279 fxd fim 316 k 1% 1/BW 24546 C4-1/8-TO-3181-F
R5 0683-3315 4 fxd comp 3900 5% 1/4 W 01121 CB-3918

RE 0683-3615 3 fxd comp 3600 5% 1/4 W 01121 CB-3615

R7 0683-1025 4 fxd comp 1tk 5% 1/4 W 01121 CB-1025
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Table 6-4. Replaceable Parts List (cont.}

Het. HP Mifr.

Desig. Part No. TQ Description Code Mfr. Part No.

R8 0683-3015 2 fxd comp 3002 5% 1/4 W 61121 CB-3015

R9 0683-3915 fxd comp 3802 5% 1/4 W (Hi Ve CB-3915

R10, 11 0683-7515 3 fxd comp 75002 5% 1/4 W 01121 €B-7515

R12 0683-3615 fxd comp 36012 5% 1/4 W 01121 CB-3615

R13 0683-7515 fxd comp 7508t 5% 1/4 W 01121 CB-7515

R14 0683-2025 3 fxd comp 2k 5% 1/4 W 01121 CB-2025

R15 0683-3915 fxd comp 39042 5% 1/4 W 0112 CB-3915

R16, 17 0683-1035 3 fxd comp 10k 5% 1/4 W 01121 CB-103%

R18 (683-3615 fxd comp 36001 5% 1/4 W 01121 CB-3615

R19 0683-3015 fxd comp 3008 5% /4 W 01121 CB-3015

R20 0683-1025 fxd comp 1k 5% 1/4 W 01121 CB-1025

R21 0683-2025 fxd comp 2 k 5% 1/4 W 01121 CB-2025

R22, 23 Not Used

R24 0698-3162 1 fxd film 46.4 k 1% 1/8 W 24546 C4-1/8-TO-4642-F
RZb 0698-5808 2 fxd film 4 k 1% 1/8 W 24546 C4-1/8-TO-4001-F
R26 07570289 1 fxd film 13.3 k 1% 1/8 W 19701 MF4C1/8-TO-1332-F
R27 Not Used

R28 0757-0408 2 fxd film 2432 1% 1/8 W 24546 C4-1/8-TO-243R-F
R29 0757-0280 2 fxd film 1 k1% 1/8 W 24546 €4-1/8T0O-1001-F
R30 (698-5089 1 fxd film 33k 1% 1/8 W 24546 C4-1/8-TO-3302-F
R31 0698-3327 2 fxd fitlm 3.92 k 0.5% 1/8 W 28480

R32 0757-0404 2 fxd film 1302 1% 1/8 W 24546 C4-1/8TO-131-F
R33 0683-1025 fxd comp T k5% 1/4 W 01121 CB-1025

R34-38 0683-4725 5 fxd comp 4.7 k5% 1/4 W o2 CB-4725

R39 Not Used

R40 0757-0408 ixd film 24300 1% 1/8 W 24546 C4-1/8-T0-243R-F
R41 0698-3159 i fxd fim26. 1k 1% 1/8W 24546 C4-1/8-TO-2612-F
R42 07570280 fxd film 1% 1% 1/8 W 24546 C4-1/8-TO-1001-F
R43 0757-0404 fxd film 1300 1% 1/8 W 24546 C4-1/8-TO-131-F
R44 0698-0064 1 fxd film 9.31 k 1% 1/8 W 24546 C4-1/8-TO-9311-F
R45 0698-6631 1 fxd film 2.5k 0.1% 1/8 W 28480

R46-50 Mot Used

R51 0683-1025 fxd comp 1k B% 1/4 W 01121 CB-1025

R52 0757-0413 5 fxd film 39202 1% 1/8 W 24546 C4-1/8-TO-392R-F
R53 Not Used

R54 (698-3202 3 fxd film 1.74 k 19% 1/8'W 24546 C4-1/8-701741-F
R55 Not Used

R56 0757-0413 fxd fitrm 3920 1% 1/8 W 24546 C4-1/8-TO-392R-F
R&7 0757-0436 4 fxd film 4.32 k 1% 1/8 W 24546 C4-1/8-TO-4321-F
R58 0757-0439 2 fxd fim 6.81 k 1% 1/8 W 24548 C4-1/8-TO-6811-F
R5S 0757-G436 fxd film 4.32 k 1% 1/8 W 24546 C4-1/8-TO-4321-F
RE0 0757-0413 fxd film 3820 1% /8 W 24548 C4-1/8T0O-392R-F
R6&1 0757-0458 2 fxd film 51.1 k 1% 1/8 W 24546 C4-1/8-TO-B112-F
R62 0757-0400 1 ixd film 90.9 1% 1/8 W 24646 C4-1/8-TO-S0R0-F
RE3 0698-5868 fxdd film 1902 1% 1/8 W 24546 C4-1/8-TO-190R-F
R64 0757-0413 fxd film 3920 1% 1/8 W 24546 C4-1/8-TO-392R-F
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Table 6-4. Replaceable Parts List {cont.)

Ref, HP Rifr.

Desig. Part No. TQ Description Code Mir. Part No,
R65 0698-3202 fxd film 1.74 k 1% 1/8 W 24546 C4-1/8-TO-1741-F
RE6 Not Used

R67 0698-3202 fxd film 1.74 k 1% 1/8W 24548 C4-1/8-TO-1741-F
R68 0757-0413 ixd film 3920 1% 1/8 W 24548 C4-1/8-TQO-392R-F
R6% G757-0436 fxd film 4.32 k 1% 1/8W 24546 C4-1/8-TO-4321-F
R70 0757-0432 fxd film 6,81k 1% 1/8 W 24546 C4-1/8-TO-6811-F
R71 0698-5808 fxd filmd k 1% 1/8W 24548 C4-1/8-TO-4001-F
R72 0757-0436 fxd film 432k 1% 1/8W 24546 C4-1/8-TO-4321-F
R73 0757-0421 1 fxd film 8258 1% 1/8 W 28480

R74 0767-0458 fxd film B1.Tk 1% 1/BW 24546 C4-1/8-TO-5112-F
R75 0698-3444 1 fxd film 3180 1% 1/8 W 24546 C4-1/8-TO-316R-F
R76 0698-7961 1 fxd film 80.6 k 1% 1/8 W 19701 MFAC1/8-T9-BOB1-F
R77 Not Used )

R78 0698-3327 fxd film 3.92 k 0.5% 1/8 W 28480

R79 Not Used

R8O 0683-1035 fxd comp 10k 5% 1/4 W 01121 CB-1035

R81-85 0757-0283 5 fxd film 2k 1% 1/8 W 24546 C4-1/8-TO-2001-F
R86, 87 0757-0438 2 fxd film 5,11 k 1% 1/8 W 24546 C4-1/8-TO-5111-F
R8s 0683-2025 fxd comp 2 k 5% 1/4 W 01121 CB-2025

RBY 0683-3915 fxd comp 33081 5% 1/4 W 01121 CB-3915

81 3101-0447 1 switch 28480

s2 3101-1860 1 switch 28480

T1-3 5080-1924 3 pulse transformer 28480

TP1-17 1251-0646 17 contact connector 28480

Ui 1820-1112 7 IC, dual D-type pos-edge-trig FF 01295 SN74LS74AN

Uz 1820-1144 1 IC, quad 2 inp pos-nor gate 01295 SN74L 502N

u3 1820-1208 5 IC, guad 2 inp pos-or gate 01295 SN74LS32N

U4 Not Used

U5 1AAT7-6002 1 IC, chi ¢hip 28480

us 1826-0188 1 IC, conv 8-bit D/A 04713 MC1408L-8

u7 1820-1858 4 IC, octal D-type FF 01295 SNI74LS377N

us 1820-1729 4 IC, 8-bit addr. iatch 01295 SN74LS5260N

u9, 10 1813-0094 2 IC, conv 12-bit D/A 28480

un 1820-1208 IC, quad 2 inp pos-or gate 01295 SN74LS32N

u12 1820-1195 3 IC, quad D-type FF 01295 SN7ALS175N

u13 1820-1208 IC, quad 2 inp pos-or gate (1295 SN74LS32N

U4 1820-1858 IC, octal D-type FF 01295 SN74LS3I7TIN

Uts 1820-1729 iC, 8-bit addr. latch 01295 SN74L5259N

U16 1820-1858 iC, octal D-type FF 01295 SN74LS377N

ut7 1820-1729 iC, 8-bit addr. latch 01295 SN74LS259N

Ui 1820-1858 iC, octal D-type FF 01295 SN74LS377N

Ui9 1820-1729 IC, 8-bit addr. latch 01295 SN74LS268N

U20 1820-1201 3 iC, guad 2 inp pos-and gate 01295 SN74L.S08AN

u21 1820-1199 6 IC, hex inverter 01295 SN74L.504N

u22 1820-1427 1 IC, decoder/demulti 01295 SN74LS 156N

U23 uz24 Not Used

Uuzb 1818-3113 1 IC, 84K ROM 28480
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Table 6-4. Repiaceable Paris List {cont.}

Ref. HP Mfr.

Desig. Part No, 7O Description Code WMifr. Part No.
126 1820-1199 IC, hex inverter 01295 SN74LS04N
uz27 1820-2747 1 1C, microprocessor

128 1820-1207 2 IC, 8 inp pos-nand gate 01295 SN74LS30AN
U29, 30 1820-1216 2 IC, 3 to 8 line decoder/demulti 01295 SN74LS138N
U 1820-1491 4 IC, hex bus drivers 01295 SN74LS367N
U3z, 33 1818-0140 2 iC, N mos 1 k ram stat 55576 SYPZ112A
u3s4 1820-1419 1 iC, 4-bit mag comp. 01295 SN74LS8BN
u3s 1820-1195 IC, quad D-type FF 01285 SN74L.S175N
U36 1820-1568 2 IC. quad bus buff gate 3-out 01295 SN74L.5125N
U37 19380-0593 5 IC, opto isolator 04713 S0C-156
U3sg, 39 1990-0429 2 IC, opto isclator 28480

u40, 41 1820- 1446 2 IC, 4-bit uni shift regis. 01295 SN741.539E5N
42 1820-1204 1 IC, dual 4 inp pos-nand gate 01295 SN74L.520AN
U43 1820-1282 1 IC, dual J-K pos-edge-trig FF 01295 SN74L5109N
U44 1820-1197 1 IC, quad 2 inp pos-nand gate 01295 SN74LS00N
45 1820-1203 2 IC, trip 3 inp pos-and gate 01295 SN741.511N
U46 1820-1199 IC, hex inverter 01295 SN741.504N
uaz 1820-1201 IC, quad 2 inp pos-and gate 01285 SN74L50BAN
148-50 1820-149 IC, hex bus driver 01295 SN741.5367N
Ust 1820-1196 1 IC, hex D-type FF 01295 SN74L.5174N
152 1820-1851 1 IC, 8 10 3 line octal prior. encoder 01295 SN741.5148
us3 1990-0583 1€, opto isolator 04713 SOC-166
U54-56 1820-1112 IC, dual D-type pos-edge-trig. FF (1295 SN74LST4AN
U57-59 Not Used

Uso 1826-0277 1 IC, viig reg. 27014 LM320T-15
U6t 1826-0147 2 IC, vitg reg. 04713 MC7812CT
ue2 1820-1195 IC, quad D-type FF 01295 SN74LST7BN
UG3 18201211 1 HC, guad 2 inp ex-or gate 01295 SN74LS86N
us4 1820-1199 tC, hex inverter 01295 SN74L504N
[§]525] 1820-1207 iC, 8 inp pos-nand gate 01295 SN74LS30AN
ue6 1826-0607 1 iC, vitg reg 27014 LM340AT-15
Us7 Not Used

Uos 1820-1112 iC, dual D-type pos-edge-trig FF 01295 SN74LS74AN
169 1820-1208 iC, quad 2 inp pos-or gate 01295 SN74LS32N
u7o 1820-1112 iC, dual D-type pos-edge-trig FF 01295 SN74L574AN
U7 1820-1199 iC, hex inverter 01295 SN74L504N
72 1820-1437 2z IC, dual monostable multi-vibrator 01295 SN74L5221N
U73 1826-0144 1 iC, vitg reg 04713 MC7805CP
74 1820-1437 1C, dual monostable multi-vibrator 01295 SN74LS22IN
U7b 1820-121 iC, guad 2 inp pos-and gate (1295 SN74LS0BAN
u7e 1820-1208 iC, quad 2 inp pos-or gate 01295 SN74L532N
u77 1820-1203 iC, trip 3-inp pos-and gate 01295 SN74L31IN
u78 1820-1112 IC, dual D-type pos-edge-trig FF 01295 SN74L.574AN
ur9 1820-1568 1C, quad bus buff gate 3-out 01295 SN74L.5125N
Ug0-83 1820-2058 4 {C, quad bus transceiver 28480

Us4 1820-1199 IC, hex inverter 01295 SN74LS04N
ugs 1826-0147 IC, vitg req. 04713 MCT7812CT
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Table 6-4. Replaceable Parts List {cont.)

Ref. HP Mfr.

Desig. Part No. TQ Description Code Mfr. Part No.
Li36 Not Used

ug7 1820-0493 1 IC, op amp 27014 LM307N
1gs, 89 1980-0593 IC, opto isolator 04713 50C-156
Uso Not Used

Ugi 1990-0593 {C, opto isolator 04713 S0C-156
VR1 1902-0761 1 zener 6.2 V 04713 INB21
VR2, 3 Not Used

VR4 1902-0575 2 zener 6.5V 2% 28480

VR5 1902-0671 2 zener 13.35 V 28480

VRE Not Used

VR7 1802-0871 zener 13.36 V 28480

VRS Not Used

VR9 1902-0575 zener 6.5V 2% 28480

W1-18 7175-0057 jumper wire :

Y1 1 0410-1033 1 crystal 9.216 MHz 28480

Z1 1810-0125 1 resistor network 28480

A4 ‘HP—IB/Micmprocessor Board-Mechanical and Miscellaneous

0340-1067 4" insulating bushings for CR8, 9, 14, 15 28480
0590-0199 7 Hex nut with lockwasher for 28480
Uso, 61, 66, 73, 85, J4

1200-0485 1 14 contact IC socket for §2 28480

1200-0507 1 16 contact IC socket 28480

1200-0624 1 40 contact IC socket for U27 28480

1200-0634 3 IC socket for U24, 25, 80 28480

1200-0847 1 Socket for US 28480

1200-0844 2 Clip for Ub 28480

12050348 5 Heatsinks for UBQ, 61, 66, 73, 85 28480

1251-4787 1 8 position shunt 28480

1251-7397 1 Multi contact connector for JUS 28480

1251-7400 1 Multi contact connector for J2 28480

1530-1098 1 Clevis fastener for J4 28430

2110-0269 1 Fuseholder for F1 28480

4330-0145 2 Beaded glass insulator for Y1 28480

06034-60001 1 Cable Assembiy 284380

1251-7401 Single-contact connector for J4
A5 Regulator Assembly
Q1-5 Not Used
Q6 1854-0611 1 NPN Si 04713 2ZNB055
Qi 1853-0059 1 PNP Si 04713 2N3791
R1 0811-0929 1 fxd wwv 0.51Q0 6% 2 W 75042 BWH2-R61-J
RZ 0683-1005 1 fxd comp 1001 5% 1/4 W 01121 {4 CB-1005
R3 0812-0018 1 fxd ww 0.330 5% 3 W 28480




Table 6-4.

Replaceable Parts List (cont.}

Ref. HP MNifr.
Desig. Part No. TG Description Code Mfr. Part No,
A5 Regulator Assembly-Mechanical and Miscellangous

0340-0167 4 Insulated bushings 28480

1251-2913 4 Single contact connsctor 28480

0340-0181 2 Insulator for Q6, 7 28480

0340-0795 2 Insulator for 06, 7 28480

Chassis Components-Electrical
B1 3160-0343 1 Fan-tbax 82877 SUZAS
F1l 21106-0056 1 Fuse-6A, 260 V {100 or 120 Vac input) 71400 MTH-6
F1 2110-0055 1 Fuse-4A, 2580 V (220 or 240 Vac input) 71400 MTH-4
FL1 91350124 1 RFI filter and ac input connector 28480
T 06034-80090 1 power transformer 28480
Chassis-Mechanical

0360-0523 2 Barrier block jumper 28480

0370-1303 1 Knob for G1 28480

2110-0564 1 Fuseholder body H3027 031.1657

2110-0565 1 Fusheholder cap H3027 031.1666

2110-0569 1 Fuseholder nut 75915 272005

4040-1954 1 Window Display 28480

4208-0382 4 Foam pad, top cover 28480

5020-8803 1 Front frame 28480

50410202 1 Line switch cap 28480

5041-6300 1 OVP Display switch cap 28480

5041-0309 1 Voltage QUTPUT ADJUST switch cap 28480

5041-2089 1 LCL switch cap 28480

06034-00009 i Rear panel 28480

60034-00008 i Front panel 28480

06034-00010 1 Front chassis 28480

06034-00011% 2 Side chassis 28480

06034-00012 1 Baffle 28480

06034-00013 ] Bottom cover 28480

06034-00014 1 Top cover 28480

0603400015 1 Safety cover, barrier block 28480

06034-00016 2 Side Cover 28480

06034-00018 2 Bar insutator 28480

06034-00019 1 P.C. bracket 28480

7120-1264 1 Nameplate 28480

7120-7659 1 104-127 V Label 28480

7120-7661 1 191-233 V Label (Option 220} 28480

7120-7660 1 208-250 V iabel {Qption 240) 28480

7120-8572 1 Information label 28480

7121-1967 1 Serial number label 28480

9211-3487 1 Corrugated container 28480

9220-1401 2 Fioater pad 28480

9220-3390 2 Fitler 28480
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Section Vil
COMPONENT LOCATION ILLUSTRATIONS AND CIRCUIT DIAGRAMS

7-1 This saction contains component location diagrams,
schematics, and other drawings and tables useful for
maintenance of the B034A power supply. Included in this sec-
tion are:

&. Component location illustrations (Figures 7-1 through
7-5}, showing the physical location and reference
designators of almost all electrical parts. (Componsnts
located on the Ab Regulator Assembly are easily iden-
tified by lettering on the printed-circuit board.)

. Notes (Table 7-1} that apply to all the schematic diagrams.
. Microprocessor Input/Output Pins table {Table 7-2)

describing each of the pins on microprocessor A4U27.

. Memory Device Jumpers and Components table {Table

7-3} ingicating which jumpers are installed for each com-
hination of memaory components.

. Schematic diagrams {Figures 7-6 through 7-10}. Logic

symbols used on the schematics are dascribed In
Appandix B.

AC line voftage is present on the A4
HP-IB/Micracomputer Assembly
whenever the power cord (s con-
nected tc an ac power SQUICS.
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Table 7-1.

1. [:::] denotes front-panel marking.

2. e e denotes rear-panel marking.

Schematic Diagram Notes

3. Complete reference designator consists of component reference designator prafixed with assembly number {e.g.: AZR14}.

4. Resistor values are in ohms. Unless otherwise noted, resistors are either % W, 5% or 1/8 W, 1%. Parts list provides power

rating and toierance for all resistors,

5. Unless otherwise notad, capacitor vaiues are in microfarads.

&. Square p.c. pads on A1 power mesh, and white silkscreened dots on other assemblies indicate one of the following:

a. pin 1 of an integrated circult or connactor,
b. the cathode of a diode or emitter of a transistor.
¢. the positive end of a polarized capacitor.

7. Some components that connect two circuits, such as connectors, transformers, and optical connectors, dre shown in mare
than one location. In each case, the dashed-line portion represents part of the componant that is shown solidly in another circuit.

represented by the line.

indicates multiple paths repressnied by only one line. Reference designators with pin numbers
indicate destination, or signal names identiy individual paths. Numbers indicaie number of paths

9. For dual in-line integrated circuit packages, pin 1 is either marked with & dot, or pin 1 is to the left {as viewed from top)

of indentation at end of integrated circuit package, e.g:

Pin locations for other semi-condusctors are shown below:

TOP VIEW TOP VIEW COPEER
L) ?i L
¢ K
TOF VIEW T
@ BLE

O E o [
B ®Bo g
S G G
B BE &
S
W
ole
N ANDDE ANGDE
) O p A
O CATHODE -
i INPUT -
UUU 3 COMMON LED
i 32 Z oUTPUT
A2
ALUB0 AICRI4
A4UGH
Aduigs
AALTS AICRIS
AJ1185
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Table 7-2. Microprocessor Input/Qutput Pins

SIGNATURE PIN o DESCRIPTION
ADDRESS BUS
AD{MSB) 17 | ouT AD through A13 comprise the address bus.
Al 16 | OUT This 3-state bus provides the memory-
A2 15 | OUT address vector to the external-memory sys-
A3 14 | OUT tem when MEMEN is active and |/0-bit
Ad 13 | oUT addresses and external-instruction
AS 12 | OUT addresses to the 1/0 systemn when MEMEN
Ag it | OUT is inactive. The address bus assumes the
A7 10 | OUT high-impedance state when HOLDA is
A8 g | ouUT active, TMS 9981 PIN ASSIGNMENTS
AB 8 | OuUT
A0 7| ouT s 1 [] e wewen
Al 6 1 ouT HoiDA  2[] 39 READY
A12 5| out e 3 138 WE
A13/CRUQUT 4 | OUT CRUOUT AIB/CRUUT 4 ] []37 CRUGLK
Serial 1/Q data appears on A13 when an mz 5[ N36 Vpp
LDCR, S$SBZ and SBO instruction is ex- A el 135 Vgg
ecuted. This data should be sampled by the a0 7 134 CKIN
1/0 interface logic when CRUCLK goes ac- ae 8[] (133 oscouT |
tive (high). One bit of external instruction a9 ( 132 D7 :
code appears on A13 during externat instruc- ar 1ol 131 D6
tion execution. a6 11 130 D5
as 12 ] 29 D&
DO(MSB} ‘ 2% 1 1o DATA BUS as 13l] 28 03
D1 2% | 1/0 DO through D7 comprise the bidirectional A3 14[] o HEmooe
D2 27 | 1o 3-state data bus. This bus transfers az 150 126 o
D3 | vo menoty data to {when writing} and from a6 ] 125 00 0
: a0 47 ] [(jz4 INTC
D4 29 /0 {when reading} the external-memory DBIN 18 [] Q23 INT |
D& 30 1O system when MEMEN is active. The data cRUN 19 [] N2z INT 2
D6 Ky 1O assumes the high-impedance state when vee 20 [] Nat &5
D7 (LSB} 32 170 HOLDA is active,
POWER SUPPLIES
Ve 20 Supply voltage (8 V NOM;}
Vpp 36 Supply voltage {12 V NOM)
Vgg 35 Ground reference
CLOCKS
CKIN 34 iN Clock In and Oscillator Out. These pins may be used in either of two modes to generate
QSCOUT 33 | oUT the internal 4 phase clock. In mode 1 a crystal of 4 times the desired system frequency is
connected between CKIN and OSCOUT. In mode 2 OSCOUT is left floating and CKIN
is driven by a TTL compatible source whose frequency is 4 times the desired system
frequency.
>3 21 1 ouT Clock phase 3 (213} inverted.
BUS CONTROL
DBIN 18 | GUT Data bus in. When active {high), DBIN indicates that the TMS 9981 has disabled its out-
put buffers 1o allow the memory to place memory-read data on the data bus during
MEMEN. DBIN remains iow in ali other cases when HOLDA is active.
MEMEN 40 | ouT Memory enable. When active {low), MEMEN indicates that the address bus contains a
memory address.
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Table 7-2,  Microprocessor Input/Qutput Pins (cont.)

SIGNATURE PIN | 1/0 DESCRIPTION

WE 38 | QUT Write enable. When active (low}, WE indicates that memuory-write data is available from
the TMS 9981 to be written into memory.

CRUCLK 37 § QUT CRU clock. When active {high}, CRUCLK indicates that external interface logic should
sample the output data on CRUQUT or should decode external instructions on AD, A1,
A13.

CRUIN 19 IN CRU data in. CRUIN, normally driven by 3-state or open-collector devices, receives in-
put data from external interface logic. When the processor executes a STCR or TB in-
struction, it samples CRUIN for the level of the CRU input bit specified by the address
bus (A2 through A12).

INTZ 22 IN iterrupt code. In the format INTO, INT1, INT2, 111 is level 4, 101 is levet 3, 100 is level

INT1 23 IN 2, and 011 is level 1 (highest priority). Reset function is encoded 000,

INTO 24 IN

MEMORY CONTROL

HOLD 1 N Hold, When active {low}, HOLD indicates to the processor that an external controller
{e.g., DMA device} desires to utilize the address and data buses to transfer data to or
from memory. The TMS 9981 enters the hold state following a hold signal when it has
completed its present memory cycle.* The processor then places the address and data
buses in the high-impedance state (along with WE, MEMEN, and DBIN} and responds
with a hold-acknowledge signal {HOLDA). When HOLD is removed, the processor
returns to normal operation,

HOLDA 21 OUT Hold acknowledge. When active (high), HOLDA indicates that the processor is in the
hold state and the address and data buses and memory control outputs {WE, MEMEN,
and DBIN) are in the high-impedance state.

READY 38 IN Ready. When active {high), READY indicates that memory will be ready to read or write
during the next clock cycle. When not-ready is indicated during a memory cperation,
the TMS 9981 enters a wait state and suspends internal operation until the memory
systems indicate ready.

TIMING AND CONTROL
1AQ 31 ouUT Instruction acquisition. IAQ is active (high) during any memary cycle when the TMS

9981 is acquiring an instruction. 1AQ can be used to detect iliegal op codes. It may also
be used to synchronize LOAD stimulus.

*If the cycle following the present memory cycle is aiso a memory cycle it, too, is completed before TMS 9981 enters hold state.

Reprinted with changes, courtesy Texas Instruments Incorporated.
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Table 7-3. Memory Device Jumpers and Components

Li25 uz24 uso Wi W2 W3 W4 W5 wWe W13 Wi4 W15
64 K .
ROM X X X X X X
18K
EPROM X X X X X X
W7 wWsg W9 W10 W11 W12 32 U33
1K
RAM X X X X X
256
RAM X X X X X

X" SHOWS WHICH COMPONENTS ARE INSTALLED FOR EACH MEMORY-DEVICE CONFIGURATION.,
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Appendix A
100 Vac INPUT POWER OPTION 100

A1 GEMEBRAL INFORMATION
A-2 Description
A-3 Option 100 is a modification of Model 6034A that in-

volves adding a resistor, and changing five others in the OVP
Remote and Local Circuits, the CV Reference Circuit and the
CV Comparator Circuit. The unit is also recalibrated and the
Front Panel is changed for the Option 100. These changes allow
the unit to operate at a fower line voltage of 87 to 106 Vac,
whiie operating on the sama line frequency of 48 to 63 Hz. The
reduced input voltage #imits the cutput power to 150 W and
the output voltage from 0 to 50 V, while retaining the standard
unit's output current rating. Other parameters that change due
to Option 100 include the Overvoltage Trip Range and the
Remote Programming Specifications.

A4

A-B This appendix contains all the information necassary
to support Mode! 6034A power supplies that are equipped with
QOptienh 100, The appendix describes only the changes pertain-
ing to Option 100 and how they affect the other portions of

Scope of Appendix A

this manual. Unless otherwise specified in Appendix A, ali other
portions of the manuat apply t0 both the standard unit and the
Option 100 unit,

A-B

A7 The Option 100 changes are listed sequentially, star-
ting with Section { in the main body of the manual and work-
ing back through Section Vil, it is recommended that the user
mark all the necessary changes directly into his manual. This
will update the manual for Option 100 and eliminate the need
for constant referrals back to Appendix A.

A-8

A-S In paragraph 1-11 change the cutput power from 200
Woatts"' to 150 Waits."”

A-10

Suggestions for Using Appendix A

Section | Manual Changes

Specifications Changes

A-11 Table A-1 provides all the specifications changes for
Option 100. Specifications not listed in Table A-1 are the same
as those in the main specifications, Table 1-1,

A-12 INSTALLATION
A-13 Section il Manual Changes
A-14 Line Voltage Option Conversion. In paragraph

2-28, ¢; jumper W1 is already soldered in place at the factory
for 100 V operation. In paragraph 2-26, d; the 6A fuse is already
installed for Option 100. It is possible to convert the Option 100

A-1

units to other line voliages by following the directions in
paragraph 2-26, but the unit wili maintain its derated 150 V,
50 V output.

| warNING ©

No attempt should be made by the user to updats
the Option 100 unit above its calibrated output
voltage and power limits. To do so could result in
severe damags to the unit and a fire hazard.

A-16 Section Il Manual Changes
50V
faa POLOCUS 3 324 OVERRANGE
50V . La : :
R=ISELT CYERAANGE
CONSTANT VOLTAGE™, e
OPERATING REGIONS
Rigag > fe!
Egpl . . f. ¥ wocusz
B0V
| Rczidﬁﬂ'/
Il
Fgl . ALotus | Feo6678
20V * :
-] By
1 CONSTANT CLRRENT i 10 A
| OPERATING i 1Locts ¥ sn
Eout 1 HEGIONS ' 3 U
i (RLGﬁEi(RC) ; i
H e H
e 1 -y
e A !
1 i H
i 1 i
[ e [PERTY
3A B.54 854
IOUT ——mme
Es= YOLTAGE CONTROEL SETTING
Ig = CURRENT CONTROL SETTING
RC: EI—: = GROSSCOVER VALUE OF LOAD RESISTANGE
Figure A-1. Overall Output Range with Three Sampie
Operating Loci (Replaces Figure 3-2).
A7 In paragraph 3-7 {which refers to Figure 3-2 in the

manuall the reference llustration is now Figure A-1 instead of
Figure 3-2. Also change “6.58 (' to "6.67 €.

A-18 In paragraph 3-8 change 356 V" to "30 V' and
“5.4 Q7 1o 4.6 (L7



Table A-1.

Specifications and Supplemental Characteristics

DC Output: Voliage and current can be programmed via HP-
I8 or front panel control over the following ranges:
Yoltage: 0-50 V Current: 0-10 A. See graph for maximum out-
put power. {This power is avaitable at load with up te 6.5 V
drop in each load lead.}

1 £ ¢ 1 E i P
[ER R 50 32 180
9 B 62 45 40 180
8 22 |76 40 4.7 ie8
727 189 45 55 193
5 32 192 30 €5 195
sov BOW 5 35 190 25 7.3 183
X 4 a5 180 20 8% |70
...... FSVURO VRS S 5 0 180

TRV S S IR
F v

\ & 54

QUTRUT ¥OLTAGE

#0Y

\ 5OW
l

K

B ZA 34 4n SA BA TA BA BA 104
QUTPLT CURRENT

Programming Resolution: Voitage: 12.5 mV Current: 2.6 mA

Programming Settability: Voltage: 25 mV Current: 5.0 mA

Programming Response Time: Maximum time for output
voitage to change from 0 to 50 V or B0 to 2 V and settle within
a 60 mV band (0.116% of maximum rated output):

80 mV {*) B omv (F)
Ugp: Full Load {15.6Q) 200 ms 225 ms
No Load 200 ms 225ms
Down: Full Load (15.65) 300 ms 450 ms
No Load 60C ms 750 ms
*Max, **Typical

Typical response time for excursions other than full scale can
be calculated as follows:

Up Programming: On graph, read time for change in
otitput voitage.

: L] 1
I

. I

4 VOUT VOLTS!

g

o 20 40 =) B¢ 00 20

<

UP PROGRAMMING TIME (mE)

Down Programming: On graph, read difference iy time
between initiai-output-voltage
point and final-output-voltage
point; add settling time of 125 ms
if final voltage =2 V, or 500 ms if
final voltage <2V, to settle within
60 mV band.

50

a0 SR E IS B
. \\ FULL . i
1)

Vo (VOLTS)

TS M e
0o 200 300 400 SO0 800 YOO 800
BOWN PROGRAMMING TIME {mS}

Readback: Output Voltags: Range: 0-50 V
Resolution: 12,5 mV
Accuracy: £0.08% 35 mV
Temperature Cofficient:
£0.07%/°C £0.35 mv/°C

Overvoltage Protection: The lower of the two OVP
trip points will dominate,

Local OVP Adjustment: Range 1.7 V to 545 V
Resolution: 0.20 V

Remote OVP Adjustment: Range: 2.0V t054.5V (the

OVP trip point = 2V + 1.05 X soft voltage limit}
Resolution: 0.20 V

Accuracy: £0.7 V. The OVP circuit

will trip when the voitage between

the + output and the outboard side

of the current monitoring resistor

squals the set voltage. This could be

as much as 1.35 V above the voltage

between the + 5 and — S terminals.
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A-19 in paragraph 3-10 change " 11.90" 10 "'15,60," "2.90"
to 2.4 and 26 V" 10 "20 V."

A-20 In paragraphs 3-11 and 3-36 change ""200 W' 10
150 WL

A-21 In paragraph 3-15, b; 3-28, and 3-121 change "'64.5
V' 1o 545 V.

A-22 in paragraph 3-25 change the third sentence to read:
“The approximate trip voltage range is from two volts to 54.5
volts at Remote and 1.7 voits to 54.5 voits at Local.

A-23 in paragraphs 3-28 and 3-117 change "1.04" 10 "1.05."
A-24 In paragraph 3-28 change "33.2 V.” 10 33.5 V",
A-25 fn paragraph 3-28 and 3-88 change ""60 V"' to "50V."

A-26 in paragraph 3-79 change "'60%)"" to "'BO{Y’" to 1200
to 71000, and "30 W' to "2Z5 W.”

A-Z7 In Figure 3-13, Programming syntax, change
“VOLTAGE” and “"SOFT VOLTAGE" to '00.000 to 50.000 V.”

A-28  In paragraphs 3-111 and 3-121 change "'60.000" to
'50.000."

A-29 PRINCIPLES OF OCPERATION

A-30 Section IV Manual Changes

A-31 in paragraph 4-28, note that the O-volt to S-volt
reference amplifier output given in paragraph 4-74 for the CC

Circuit is attenuated to O-voit to 4.17-volt for the CV Circuit.

A-32 In paragraph 4-74, the reference iflustration is now
Figure A-2 instead of Figure 4-6.

A-33 In paragraph 4-92, note that the input fiiter charges
to approximately 250 volts dc.

A-34 MAINTENANCE
A-35 Section V Manual Changes
A-36 in paragraphs 5-9; and 5-34{; change "2Q"" 10 ”1.5Q."

A-37 In paragraphs 5-9; 5-17, ¢; 5-34, b,ef.h; 5-44, e; 5-48,
f: 5-52, b; and 5-127, b; change 20 V" to 715 V."

A-38 In paragraph 5-9 change "18Q" to "15.60Q."

A-39 ini paragraphs 5-9: 5-29, ¢; change "3.3 A;; 0o 3.2 A"

A-40 in paragraphs 5-9; 5-15, ¢,h; 5-19, e; 5-29, ¢; 5-38 ¢;
6-41, c; 5-46, d; 5-129, g,h; 5-132, f; and 5-136, g; change "'60
V''to B0 V.

A-41 In paragraph 5-9 change 230 W" to 7185 W."
A-42 In paragraph 5-15, d; change "'60.0" to ""50.0."

A-43 In paragraph 5-15, f: 5-19, g; 5-38, e; 5-41, e; and 5-46,
b; change "33 mV" to "32 mV and "3.3 A" to "3.2 A"

A-44 In paragraph 5-25, ¢; change "40 V and 5.7 A" 10 30
V and 6.5 A"

A-45 in paragraph 5-34, ¢; change "2.220" 1o "1.660."
A-86 In paragraph 5-34, f; change ""20.20)" to " 15.66¢."

A-47 In paragraph 5-38, | change "70 mVdc™ to "60
mvyde.”

A-48 In paragraph 541, h; change "21 mVdc” to 718
mvyde.”

A-49 in Table 5-2, under "OVP TEST”, numbers 3 and 5,
change "64.5" 10 "54.5."

MAX Pouy

3
1
200W ! > 200W
\
!
b

MAX Pryuyt

MAX Poyyr

200W e i

MAX P
40v soowW 0T 40V
20v
g 5A 0
A TYPICAL CV/CO B, DUAL-RANGE CV/ G
SUPPLY SUPPLY

{0A ] 334 10A

C. MODEL 60344
AUTORANGING SUPPLY

Figure A-2. Qutput Characteristics: Typical, Dual-Range, and Autoranging Supplies



A-50 In paragraph 5-68, b; WARNING; and 5-132, NOTE;
change 760" to "'50."”

A-B1 In Figures 5-12 and 5-15, the signature at A3U9-3
should be 0000,

A-B2 On Figure 5-16, sheet 2, block 4, change 0-60 volts
10 0-50 volis; biocks 19 and 23, change O to b volts to 010 4.17
volts, On Figure 5-16, sheet 7, block 2, change "U80 V GR”
in each program to "UB0V GR".

A-53 On Figure 5-27, block 7, change 60 volts to 50 volts.

A-b4 On Figure 5-35, block 1, the remotely programmed
OVP levet is 2V + 1.05 times the soft voltage fimit.

A-BB On Figure 5-36, block 1, change P60V U20 V G”
in each program to P50V U20 V G"'. In block 3, change "UB0
V GR’ in each program to "US0 V GR",

A-BG in paragraph 5-124, ¢; change " +6.45 V"' 1o
+5.45 V.

A-BY In paragraph 5-126, f; change "+ 24 V" to " + 19 V."
A-b8 In paragraph 5-126, k,m; change " +23 V" to "'
+17.5 V.

A-53 in paragraph 5-127, b; change "P20V..."” 1o "P15V..."
A-B0 In paragraphs 5-129, g; 5-132f; and 5-136, g; change

“PEOV..." to "PBOV..."

A-4

A-81 in paragraph b-135, €; change ""22.5 mV"' to

"18.5 mv.”
A-B2 In paragraph 5-135, g; change “NV00.015" to
“NVOG.012.
A-63 In paragraph 5-136, h; change '"54.0075 V"' to
44,0063 V.
A-64 in paragraph 5-138, |; change "NV54.000" 1o
““NV44.000.”
A-85 REPLACEABLE PARTS/SCHEMATIC
DIAGRAMS
A-66 Section Vi and VIl Manual Changes
A-67 In the replaceable parts list and on the schematic

diagram for the Front Pane! Assembly A3, change:

816 to 0698-8184 7.5k
R38 to 0757-0472 200k
R41 to 0698-0084 2.15k
871 to 0698-6600 75k
R72 to 0598-6276 12.5%

R183 10 a jumper wire



Appendix B
LOGIC SYMBOLOGY

The iogic symbols used in this manual are based on the
American National Standard institute (ANSI) ¥32.14 and cur-
rent discussions in the Institute of Electrical and Electronic
Engineers (IEEE} and the International Electrotechnical Com-
mission (IEC). The following paragraphs and illustrations pro-
vide a brief description of the symbology to aid in interpreting
the symbols. When referring to the symbols, it should be
remembered that:

1. Power supply and ground connections usually are not
shown on the symbols, but are listed separately on the
schematic.

2. Hemsin brackets [ ] ara not part of the symbol, but are
inciuded to help the user interpret the symbol.

3. Unless arrows indicate otherwise, inputs are eon left, out-
puts are on right, and signal flow is from left to right.

4. In an array of two or more identical elements, only the
first (top) elerment is shown in full detail.

5. When shown individually on a schematic rather than as
part of an array, basic logic gates {AND, OR, buffer) are
shown by distinctive-shape outlines (see Figure B-1).

Qualifier and Functiona! Labels. Figure B-2 shows qualifiers
and functional labels. Qualifiers denote basic logic functions.
For example, “'&" denotes the AND function. Functional labels,
such as DEMUX {for a demultiplexer, identify compiex devices.
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Figure B-1. Distinctive-Shape Qutlines




FF

XY

CTR

Flip-Flop- Binary element with two states, set
and reset.When the flip-fiop is set, its outputs
will be in their active states. When the flip-flop
is reset, its outputs will be in their inactive
states,

AND - All inputs must be active for the cutput
1o be active.

OR - One or more inputs being active will cause
the cutput to be active.

EXCLUSIVE OR - Quiput will be active when
one {and only cne) input is active.

Buffer or Inverter Without

amplification.

special

m and ondy m - Qutput will be active when m
{and only m) inputs are active {m is replaced
with @ number}.

Logic kdentity - Output will be active only
when ail or none of the inputs are active {i.e.,
when ali inputs are identical, output will be
active).

Amplifier - The output wili be active only when
the input is active {can be used with polarity or
logic indicator at input or output to signify
inversion}.

Signal Level Converter or Code Converter
Input levelis) are different than output level(s),
or input code {X} is converted to output code
(Y} per weighted values or table.

Counter- Produces one output pulse each time
it receives a specific number of input puises.

MUX
DEMUX

REG

SRG*

COMP

BIN/OCT

HPRI/BIN

#/1

RAM

ROM

EPROM

Multiplexer - The output is dependent only on
the selected input.

Demuitiplexer - Only the selected output is a
function of the input.

Register - Array of unconnected flip-flops that
form a simple register or latch.

Shift Register - Register in which data can be
shifted from one stage to the next, the asterisk
indicates the number of stages.

Comparator - The active output indicates
which of two or more sets of inpuis s of
greatest magnitude.

Maonstable (One-Shot} Multivibrator - Out-
put becomes active when the input becomes
active. Output remains active (even if the input
becomes inactive) for a period of time that is
characteristic of the device and/or circuit.

Binary-to-Octal Decoder - Converts a three-
line binary code to eight-line octal code.

High-Priority-to-Binary Encoder - Encodes
the address of the highest active of eight inputs
to three-line binary code.

Digital-to-Analog Converter - Qutput current
is a linear product of a digital word.

Random Access Memory - Addressable
memory with read-in and read-out capability.

Read Only Memory - Addressable memory
with read-out capability only.

Erasable Programmable Read Only
Memeory - Similar to a ROM in normal use, but
can be erased and programmed with special
equipment.

Figure B-2. Qualifiers and Functional Labels
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Indicator Symbols. Indicator symbols identify the active state of a device's input or cutput, as shown in Figure B-3.

implied Indicator - Absence of
polarity indicator {see below) implies
that the active state is a relative high
voltage level.

Polarity Indicator - The active state
is a relatively low voitage level.

Dvynamic indicator - The active state
is @ transition from a relative low to a
relative high voltage level, or from a
high to a low voltage level if a polarity
indicator is shown outside symbol,

Mon-Logic Indicator - Input or cut-
put does not carry logic information
{e.g., RC inputs to a one-shot
multivibrator),

Open-Circuit Qutput, general

symbol .

Open-Circuit Output, H Level -
NPN open emitter, PNP open coliec-
tor, P-channel FET open drain, N-
channel FET open source.

Open-Circuit Qutput, L Level - NPN
open coliector, PNP open emitter, P-
channel FET open source, N-channel
FET open drain.

Analog Input or Output - Used
only when necessary to distinguish
analog signals.

Digital Input or Qutput - Used only
when necessary to distinguish digital
signals.

Data Input - Always enabled by
anocther input (generally a £ input-see

Dependency Notation). Any D input is
associated with storage.

CT

Shift Right (Down} Input - When
active, causes the contents of a shift
register to shift to the right or down
“m" places (m is replaced with a
number}.

NOTE
if m=1 it is omitted.

Postponed Output - Qutput delayed
until input returns to its initial state,

Three-State Qutput - Indicates out-
puts that can have a high-impsedance
{disconnect} state in addition to the
normai binary logic states.

Bithreshold Input input
characterized by hysteresis; one
threshold for positive-going signals
and a different threshold for negative-
going signhals.

Greater-Than Input or Output of a
magnitude comparator.

Less-Than Input or Output of a
magnitude comparator,

Equal Input or QOutput of a
magnitude comparator.

Extension Input or Extender Qut-
put - Connecied between devices 1o
extend the number of inputs.

Muitiplier Input Analeg  input
used to contrel a variable
characteristic of a function {e.g.,
range).

Content - Indicates the value of an in-
put or output when active,

Binary Grouping - m is highest
power of 2.

Input Line Grouping - Two or more
terminals implement a single logic
input.

Figure B-3. Input and Output Indicators
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Contiguous Blocks. Two symbols may share a common boun-
dary paraliel or perpendicular to the direction of signal flow,
Note that in the examples shown in Figure B-4 there is generally
no logic connaction across a horizontal fine, but there is always

an implied logic connection across a vertical line. Notabie ex-
ceptions to this rule are the horizontal fines beneath control
blocks and between sections of shift registers and counters.

] JE—— —} \1 ¥* * ¥
3 # S * i
N H# j i % — .
NO LOGIC / ‘i
CONNECTION /
LOGIC
P N CONNECTION
= >
=) \ FF ! 1 & Fr
i — ’
| g =
h}.—. LA_—_
I N
Figure B-4. Contiguous Blocks
Common Control Block. The Control block is used in con-
junction with an array of related symbols in order to group com-
[ mon logic lines. Figure B-5 shows how the Control block is e
usually represented. Figure B-8 shows a quad D-type flip-flop ) r j
with reset. This can be redrawn as shown in Figure B-7. Note RESET R £F 3
“that the more complex representation shown in Figure B-6 can 9 l ——f——
: i ) CLOCK cl b
- be usad when the flip-flops are functionaily scattered around 4 {
the schematic {L.e., not used as 2 quad unit). DATA i 1D |
| ~ |
A FF T
§ l ¢ 6
DATA l D I
+ CONTROL BLOCK
i R FE l”}
Ct 11
2 L—i—-———
DATA i 0
ARRAY = 5
FF I i5
] 13' >Ci 14
OATA —e——yp }

Figure B-5. Common Control Block
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Figure B-8. Quad D-Type Latch (Individual)
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RESET —I>j g
g
CLOCK —— >t
REG
4 FE -
- | <
—d 4D L3
5 Fr S
et {D) B
DATA W - 10
FF
—1D L1
15
13 ; EF e
| D [ 14

Figure B-7. Quad D-Type Latch {Combined}

Dependency Notation. Dependency notation simplifies sym-
bols for complex integrated circuit elements by defining the in-
terdependencies of inputs or outputs without actually show-
ing all the slements and interconnections involved. {See Figura
B-8 and B-9 for examples of AND dependency and enable
dependency.)

The input that controls or gates other
inputs is igbeled with a C or a G,
followed by an identifying number.

The controliad or gated input or out-
put is labeled with the same number,
This example, 1 s controlled by G1.

Gl

When the controlled or gated input or
output already has a funetional label
(X is used here), that label will be
prefixed by the identifying number.

Gt

If the input or output is affected by
more than one gate or control input,
then the identifying numbers of sach
gate or control input will appear in the
prefix, separated by commas. In this
axample, X is controlied by G171 and
G2.

— 61
62
2%

Figure B-8. AND Dependency Notation

When an EN input is active, the out-
put is enabled to function normally.

. When an EN input is inactive, the out-
put becomes & high impedance, effec-
tivley removing that device from the
circuit.

<1

ed |

——<EN2

2V

Figura B-9. Enable Dependency Notation
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Application of dependency notation is accomplished by:

1. {abelling the input affecting other inputs or outputs
with the letter symbol denoting the relationship involy-
ed followed by an appropriately chosen identifying
number, and

2, labelling each input or output affected by the affec-
ting input with that same number.

If it is the complement of the internal logic state of the affec-
ting input or output that does the affecting, a bar is placed over
the identifying number at the affected input or cutput.

If the affected input or output requires a label to denote its func-
tion, this label shall be prefixed by the identifying number of
the affecting input.

If an input or output is affected by more than one affecting in-
put, the identifying numbers of each of the affecting inputs shall
appear in the label of the affected one separated by commas.
The left-to-right reading order of these identifying numbers is
the same as the sequence of the affecting relationships.

Two affecting inputs labelled with different letters shall not have
the same identifying number, unless one of the letters is A.

If two affecting inputs. have the same letter and the same iden-
tifying number, they stand in an OR relationship to each other.

If the labels dencting the functions of affecting inputs or out-
puts must be numbers (e.g., outputs of g coder), the identify-
ing numbers to be associated with both affecting inputs and
affected inputs or outpuis shall be replaced by another character
selected to avoid ambiguity (e.g., Greek letters),

An affecting input affects only the corresponding affected in-
puis and outputs of the symbol.

Note that dependency notation is usually indicated by numbers,
The numbers themselves have no value; they simply reiate two
or more points having the same number. However, sometimes
an input or output has a weighted value {e.g., 1,2,4,8); in these -
cases a non-numeric symbol (e.g.,=<} may be used to avoid
confusion between a weighted value and the dependency
notation.

Eleven types of dependencies are defined, as listed below:
A Address - Identifies the address inputs of a memaory,

C  Control - ldentifies an input, such as a timing or clock
input, that produces action, and indicates which other
inputs are controiled by it. Used for seguential
slements (flip-flops, registers), and may imply more
than a simple AND relationship.

EN  Enable - ldentifies an input that enables outputs, and

indicates which outputs are affected by it. Acts as a

connect switch when active, and a disconnect swiich

whean nactive.



G Gate [AND]- Identifies an input having an AND rela-
tionship with other inputs or outputs having the same
identifier number {or symbol).

M  Mode - ldentifies an input that selects the mode of
operation, and indicates which inputs and cutputs de-
pend on that mode.

N  Negate - Identifies an input that when active, com-
plements other inputs or outputs, and identifies which
inputs and outputs are affected.

R Reset - When active, causes a flip-flop 1o reset.
S Set - When active, causes a flip-flop to set.

v OR - ldentifies an input having an OR relationship
with other inputs or outputs having the same iden-
tifier number {or symbol).

X Transmission - Identifies an input that makes or
breaks bidirectional connections between affected in-
put/output ports.

Z Interconnection - kdentifies a point that is internally
connected to another input, cutput, intemal input, or
internal output having the same identifier number {or
symboi}.

Connections to Discrete Components, Discrete com-
ponents that are a functional part of the logic device connect
10 pins marked as shown in Figure B-10.

Bias components
Current - Monitor components
Divider components

Fxternal components, miscellansous

>PbbDbPb

Frequency, Freguency Compensation, Timing
components

Gain-Determining components
Null componants

Terminating components
Differentiating components

Integrating components

>R

Miscellaneous Terms and Symbolis. Figure B-11 shows
miscetlanecus terms and symbols that are used in conjunction
with the logic symbols, function tables, and truth tables used
in this section.

H High - The more positive algebraic value.

L Low - The more negative algebraic value.

Qg The level of G {output] before steady-state input.

Q

n  Theievel of Q {output) before control-signal transition.

Transition from low to high.

Transition from high to fow.

—aae—  Bidirectional signal flow.

Internal Connection - Connection between two cir-
cuit areas within a device.

Active Active State - A binary physical or logicat
state that corresponds to the true state of
an input, an ouiput, or a function. The
opposite of the inactive state.

£nable  Enabled Condition - A logical state that

occcurs when dependency conditions are
satisfied. Functions are assumed to be enabl-
ed when their behavior is described. A con-
venient way to think of it is as follows:

A function becomes active when:

1. 4sexternal stimulus (g.9., voltage level)
enters the active state.

2. Its external stimulus {e.g., voltage level}
anters the active state.

Figure B-10. Connections to Discrete Components

Figure B-11. Miscellaneous Terms and Symbols

Basic Logic Symbols. Figure B-12 shows the symbols for each
of the basic jogic devices used in this instrument. Also includ-
ed are the HP part number, the part number of the device from
a typical manufacturer, and the reference designators for each
use of the device in this instrument.




Quad Z-Input AND Gate
18201201 T.1. SN74L508N

Vee pin 14 Gnd pin 7

s ofe o |
|

™

|

e

A4U20
A4L47
A4UT5

Dual 4-lnput NAND Gate
1820-1204 T.1. SN74LSZ0N

Vee pin 14 and pin 7
R Py
M«% A L6
5

3

{0 B

12| 8

i3

A4Li42

Quad 2-Input OR Gate
1820-1208 T.I. SN74L532N
Vee pin 14 Gnd pin 7

oL

2! -
A

+»

i
W

Elm
lm

|

I

[
o]

A4J3

Ad4UN
A4U13
A4UGS
AdUT6

CQuad 2-Input NAND Gate
1820-1197 7.1 SN74LS00N

Vee pin 14 Gnd pin 7
S & 3
— A

&
B B .
9
121 o
13 D
AdU44

Tripte 3-Input AND Gate
1820-1203 T.L. SN7ALSTIN

Vee pin 14 Gnd pin 7
I
2 A 2
13
—2]
— 4 s
— 3 B
9
19 8
11 c
A445
AdUTT7

Quad 2-Input NOR Gate |
1820-1144  T.1. SN74LSO2N

Vee pin 14 Gnd pin 7
__ 5 4
& B

8 10
L) ¢
T
B
12 D P
A4U2

Quad 2-input NAND Gate
with Open-Collector Output
1820-1209 T.i. SN74LS38N

H
et 8
2 A Q 2
2
€
-3 8
12
a— 1
13 p QM
AZU8

8-lnput NAND Gate
1820-1207 T.1. SN74L.530N

Vee pin 14 Gad pin 7

1
s &
3
— 5
8,
i
2
A4UZ8
A4UBH

Dual 2-input NOR Driver
with Open-Collector Output
1820-105¢  T.1. SN75454BP

Vee pin 8 Gnd pin 4
I
: o o b
§ 5
7 B ,Q .
ATU2
ATU12

Figure B-12, Basic Logic Device Symbols
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Quad 2-Input Exclusive OR Gate Hex Inverter Quad Bus Buffer with 3-State Quiput

1820-1211 T.1. SN74LS86N 18201199 T.I. SN74LS04N 1820 1568 T.I. SN74LS125N
Vee pin 14 Gnd pin 7 Veo pin 14 Gnd pin 7 Voo pin 14 Gnd pin 7
I !
— a } 1 2 iD 3
2 N P R A P — el L vE—
A s 3 e ~ L
] a8 B To-- B
9 5 L] —Dx 8
19 c B B C P — c v
12 " 5 g I EE-N i
13 5 — D —12] D v
_y L9
. E
A4UB3 SSE] . 2 ﬁigg
A4UZ1
AdU26
A4U46
Adlios
A4UT
A4i)B84
Optocoupler 1990-0429 Optocoupler
Vee pin 8 Gnd pin & 1990-0593
INPUT EM . .
2 |

Lot
[*]

L s A4U38 Juna (
p = }"0‘” A4U39
2

A 3T

Truth Table A4U53

A488

input Enable Output A4LI89
A4t

— s (D)

1
0
1
o

[N = QN

Figure B-12. Basic Logic Device Symbols {cont.}
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D-Type Flip Flop. D-type flip flops are used for temporary
storage of one bit of binary data. Figures B13 through B-16
show four varieties of D-type flip flops. In each, the D input
is stored and transferred to the output when the control input,
C, goes from low to high. The C input in Figure B-16 is gated

by a low level at the G input. Note that Figure B-13 contains
two identical flip flops, each with its own control, set, and reset
inptits, while the others have common control inputs. The flip
flops in Figures 8-13 and B-14 have inverting as well as non-
inverting outputs,

182C-1112 ¢ T.L.SN74LS74N

Voo pin 14 Gnd pin 7
Ar, E]
oot W A2u9
2110 A3US
Anig A ke A4l
1PNy Gll—  A4UB4USS
Mg-w A4LiB8
T e A4U70
R I VTP
INPUTS OUTPUTS
SET  RESET CONTROL DATA t
L H X X MWL
H L X X LM
L L X X H*  H*
H H § H H L
H H f L L H
H H L X 0, 0,

*Non-stable condition, wili not persist when SET and
RESET become inactive.

Figure B-13. Dual D-Type Flip Flop

1820-1195 T.1. SN74L5175N

Ve pin 16 Gnd pin 8
38
_Indg
i [,
4 FF i
] 1} 3
AT ) | VIRT
— 5 .5 A4U35
2 10 A&UB2
| C Dadb
15
i3] . T
INPUTS CUTPUTS
RESET CLOCK DATA o Q
L X X L H
H { H H E
H } L L H
H L X Qo To

1820-1196  T.1.SN74LS374N

Vee pin 16 Gnd pin 8
2E¢
Lis{ R
— 3w FF 2
4 5
B == A4Ub}
__§] 7
4 io
B Iz
. 18
INPUTS OUTPUT
RESET CLOCK DATA Qi
L X X L
H { H H
H t L L
H X X Qg

Figure B-15. Hex D-Type Flip Flop

, 1820-1858
) e T.1.SN74LS377N
fca 1__ Voo pin 200 Gnd pin 10
A._‘.‘.M__s_za F? ,_g,,_m__“_
4 5 ASU7
A4U14
1 LI VIFITS
. s AdUB
13 2
4 s INPUTS | OUTPUT
24 %
—1! G ¢ D
i3 o
H X X Qg
H ot H H
L } L L
X L X% Qg

Figure B-14. Quad D-Type Flip Flop

Figure B-16. QOctal D-Type Flip Flop



J-K Fip-Flop. J-K fiip-flops have two conditioning inputs, J
and K, which determine the state the flip-flop assumes upon
receipt of a positive-going clock pulse, C. in Figure B-17 the
J input is active high and the K input is active low.

1820-1282 T1.1.SN74LS109N

Vee pin 16 Gnd pin 8

Sar FF

2] 1 A fa] AN

. %

—%h 1K (BRI

— R A4U43

Hafs 5

dB g Lo

12k o

Bk K

LTS

INPUTS CUTPUTS

SET RESET CONTROL J K i a
L H X X X H L
H L x X X L H
L L X X X 1 HY H¥
H H t L L iiL H
H H ! H L Toggle
H H t L Hla, 0
H H f H H H L
H H L X X Q, Qo

*Non-stable condition, will not persist when SET and
RESET become inactive.

Figure B-17. Dual J-K Flip-Flop

Shift Register. Figure B-18 shows a four-bit shift register. In
mode 1, data is parallel ioaded into the four registers {pins
3,4,5,61 when the C inputis low. In mode 2, data Is serial load-
ed into the first register {pin 2} when the C input is low. Note
that the € input also shifts data from the first register to the
second, etc. when in mode 2 (2-+ indicates that the shift func-
tion is dependent on mode 2}. When enabile is inactive thigh},
3-state outputs are high impedance, but sequential operation
of the registers and the output at pin Il (cascade output) are
not affected.

Binary Counter.Figure B-19 shows a four-bit binary counter
consisting of a divide-by-two section and a divide-by-eight sec-
tion. When both inputs to the control block are active, the con-
tent of both sections equals zero. ¥ the output of the divide-
by-two section is connected to the input of the divide-by-eight
section, the device operates as a divide-by-16 counter.

B-10

1820-1446 T.1.SN74L.S395N
Vee pin 16

Gnd pin 8

i
(T
v 15
=] 12
H
A4U40
Ad4U41

Figure B-18. Shift Reqgister

1820-1443 T.1.SN74LS293N
Ve pin 14 Gnd pin7

8 CTR

Dwv 2

DIv & @
1, CT{

2

I0t>+

rer

AUL

RESET/COUNT FUNCTION

RESET INPUTS QUTPUTS
PIN 12 PIN 13 PINS PING5 PIN4 PINB
H H L L L L
L X COUNT
L COUNT
Figure B-19. Binary Counter




Addressable Latch. Figure B-20 shows an eight-bit ad-
dressabie latch. The mode inputs (M) determine which iatch
is loaded when the G inpui is active. Data enters via the 79
input, and is internally connected to the addressed latch. For
example, consider the first latch. 8,00 indicates that data (D)
from 79 is ioaded when in made 0. 10,0R indicates that reset
(R) from Z10 resets the latch when not in mode 0.

Reset can only operate on a latch when that latch is not ad-
dressed. Note that device may be in another mode (G8 active
but mode 0 not active), in which case device operates as a
demuitiptexer {only the addressed latch is not reset}, or G8 may
be active (no latches can be addressed), in which case
laiches reset together,

Data Selector/Multiplexer. Figure B-22 shows a data selec-
tor/multiplexer. The three input lines that comprise G deter-
mine which of the eight data input lines is connected to the
complementary outputs,

1820-1729
T.). SN741.S2539N
Vee pin 16 Gnd pin 8

2
]
]»BN".;—
2

G8

Z9{DATA}
ZIC(RESET)

[l |-

o

I

L5l

-

L~ 9,80 4
10,88
3,10 5
10,18

3 2p 6
A A3U12-U14

5.5 7 A4US
10,38 A8U15
19,40 £ ASU17

1-10,3R
By 0 Adi)19

410,58
+9,6D LN
410,88
19,70 iz
%

PR TN NOE S0 DO 1

Figure B-20. Addressable Latch

Magnitude Comparator. A magnitude comparator compares
two sets of digital data. Figure B-21 shows a four-bit magnitude
comparator. If the cascade input P <Q is active, the cascade
output P<Q is active. if the P>Q input is active, the P>0Q
output is active. |f the P = Q input is active, the P and Q inputs
determine which output is active.

ore COME 1820-1419

iz T.1SN74LS85N
JVEY I : -
8], Vee pin 16 Gnd pin 8
—Zpea peqpl —

P2 [ L.

—Alr>q P>aE—

1 P

- e A4U34

—1

1820-1298
T.1 SN74LS251N
Ve pin 16 Gnd pin 8

_LQ
m
P4

IEIﬁliL_ﬂ[-—iN Iul-t-iw El
~N M RN &N

{Q} 7 _5._..._
[mv 56..__..
A3U6
A3U9
A3U15
INPUTS QUTPUTS
£N 0 1 2 Q a
H X X X HizZ HiZ
L L L L 0 0
L H L L 1 1
L L H L 2 2
L H H L 3 3
L L b H 4 4
L H L. H 5 5
L L H H 6 6
L H H H 7 7

Figure B-21. Magnitude Comparator

Figure B-22. Data Selector/Multipiexer

Monostable (One-Shot! Muitivibrator. The one-shot
multivirator, when triggered, produces a pulse whose length
is determined by an external RC circuit. The one-shot in Figure
B-23 can be triggered by a negative-going transition at input
A when both input B and reset are high or by a positive-going
transition at input B when input A is Jow and reset is high. This
device can also be triggered by a positive-going transition at
reset. The external timing components are connected to the
RX and RX/CX inputs.




1820-1437
T..SN74l.3221N
Vec pin 16 Gnd pin 8

o2 7s [ rL
2 g AT > A ] £
BN
- ex rap— A2010
F- 12w Rx7EX AdU4
P ey T A4UB7
_ 1o g IT Db B ) 5 A4U72
A4U74
)Wy
G5 ox O
<f}—u-7 RX/CX
INPUTS QUTPUTS
Reset A B Q Q
L X X L H
X H X L H
X X L L H
H L } J TLF
H ¢ H L
¢ L H JL

*Either A or B input must be inactive when RESET goes low,
both A and B inputs must then be active when RESET goes
high.

Three-to-Eight Line Decoder. The device shown in Figure
B-24 selects one of eight output lines corresponding to the value
of the hinary input, All three inputs o the enable block must
be active for the output to be active.

1820-1216
T.A.SN74LS138N
Voo pin Gnd pin 8
—dl BIN/OCT Rl
-l 2 1 LI_".’__
—2s 2B
BNE
N
&8 58
. N P N
-1 7 bt
A4U29, U30

Figure B-23. Monstable Multivibrator
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Figura B-24. Three-to-Eight Line Decoder



1820-1851
T.1.SN741.5148

Voo pin 16 Gnd pin 8
HPRI/BIN
~AUverzio 0TS
Al przn t
rlasziz 124
Belzszmz 13-
wibdaszia 14 B[R
gz 154 aplo
Snlgrzie 164
S T
Tog
vig aariL
E’i; EN achS
A4l)52
Inputs Cutputs
Vil ENec ! 1 pi 3 4 5 6 7 4 2 t |jpinl5 pintd
L H X X X X X X X X H H H H H
H L H H H H H H H H H H H L. H
H L X X X X X X X L L L L H L
H L X X X X X X L H L L H H L.
H L X X X X X L H H L H L H L
H L X X X X L H H H L. H H H L
H L X X X L H H H H H L. i H (N
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Figure B-25. Highest Priority to Binary Encoder
Priority Encoder. Figure B-2b shows a highest priority to binary
encoder, The three-ine binary output indicates the line number 1820-1491 el g
. L L - . T.1.SN74L.8367N
of the highest priority active input. V18 indicates that the pin Voo pin 16 Grd oin 8
5 input has an OR relationship with the output markad 18. cc pin nd pi —] A
Therefors, if any of the eight input lines are active {low) or if _—3 3
pin 5 is high, the output at pin 15 will be active (high). The out- 4 =
put at pin 14, which can be used to cascade devices, and the ]
binary outputs are enabled by a low at pin 5. The alpha symboi 8] 7
(=<} is used instead of a number to avoid confusion with the
weighted values of the binary outputs, -9 LA
A4U3Y
Bus Driver. The bus driver shown in Figure B-26 contains six A4U48-ULBD ! i
three-state drivers, four of which have one enable input, and 5 oy en
two of which have a separate enabile input. B
Random Access Memory (RAM). Figure B-27 shows a 256 2 > L
word static memory. Each word is four bits in length and is ad- % 3
dressed via the address lines. Figure B-28 shows a similar RAM e
with & capacity of 1024 words. The G1 input must be low 1o
enable the device, either read or write. C2 {active low) is the Figure B-26. Bus Driver
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controt signal that allows data (D) to be written inte the ad-
dressed location. EN {active high) is the enable for the three-
state outputs. The addressed output {on the right) is internally

connected to the /0 pins en the left.

1818-0140
AMD AMI112APC
Vec pin 16 Gnd pin 8
—;— @ RAM 256 x 4
2
— o
15] A=
s 127
1
S
[SELECT]HIE’M Gt
{READIWRITE}K 1ENTRE AD]
1cz [WRITE] A4U32, U33
—Eg K20 azsl
v3 !
10
It
12
]
FUNCTION TABLE
SELECT | READ/WRITE I MODE
L L Valid Data Write
i H Data Gutput Read
X High Z Device Disabled

Read Only Memory {(ROM). Figure B-29 shows a ROM with
8-bit word length and 8182 addressable memory locations.
Figure B-30 shows an erasable programmabile read only memory
(EPROM} with 2048 memory locations. Each device has three-
state outputs controlled by an enable input. The EPROM has
an additional bias voltage input used for programming.

1818-3113
Voo pin 24 Gnd pin 12
M_% 2] 8i92x8 ROM
-1
5 9
4 2:7 10
3 AT
S I 1E
o[ e AopE
23 AT
2] aor [€
19 i
B AV
__2|_|3J
22 en
A4i25
Figure B-29. Read Only Memory {ROM}

Figure B-27. 256 x 4-bit RAM

1818-0443
T1LTMS2114
Vee pin 18 Gnd pin 8

% rami024x4

" AMozs

lukelsls oo

i7

:

&

|

9
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{EN {READ]
ez [wWrITE]

|

s
s

A, 20

w3 4,234

3

Figure B-28. 1024 x 4-bit RAM
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1818-0498
Vee pin 24 Vpp pin 21 Gnd pin 12
— 812 2048%8 EPROM
1
J—c1
-1 AT ;
___3" @ AV
2| [Mzosr LTI
1 o fld
23 15
—23 R -
22 AT W_m'f;
—B e A P
1a
%0 & |EN
A4U24, U25
A4U90

Figure B-30.
(EPROM)

Erasable Programmable Bead Only Memary :




Bus Transceiver. Figure B-31 shows a bus transceiver that
provides bidirectional interfacing between the unit and the HP-
iB. The device contains four transceivers; the following
describes the section connected between pins 3 and 2. [ in-
dicates that the bus receivers have bithreshold {Schmitt Trig-
geri inputs. Enable 3 {active high) and enable 4 {active low)
enable either the transmitter output at pin 3 or the receiver out-
put at pin 2. The transmitter output is either three-state active
pullup {mode 1} or open collector {mode 21.

Digital-to-Analog Converter (DAC). The analog cutputof a
digital-to-analog converter is a current that Is proportional to
the maximum possible current divided by the binary value at
the digital input. Figure B-32 shows an eight-bit DAC that also
includes an analog multiplier input (range). The 12-bit DAC
shiown in Figure B-33 includes two feedback resistors provid-
ed for use with an external op amp.

1820-2058
Mot.M{C3448
Vee pin 16 Gnd pin 8
t Mi [3-5TATE]
‘ M2 [OPEN COLL]
_I: EN3[ TRANSMIT)
. EN4 [ RECEIVE]
»—t; ENS[ TRANSMIT]
ENG [ RECEIVE]
TO/EROM 3 2 TO/FROM
8BS = D 4V INSTRUMENT
307223 <]
3 T > ev:f’—
Lad5(19/2 21
I f
t2
R
M2
e
EN4
e
ENG
il o D> 47 iC
E 31v/2Q) <
I3
——E I > sv a
spveo) <
A4UB0-UB3
FUNCTION TABLE
ENABLE MODE DATA FLOW BUS DRIVER
L X Bus — Instrument Hi Z
H H Instrument —- Bus| Active Pullup
H i Instrument — Bus| Open Collector

1826-0188
Mot. MC1408

o

IVaer 41 Yoo Ve
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64
a2 #*#/N

13 AL S
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4
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i

]

[Vrer—] COMP  GND

&

A4UB

Figure B-32. 8-Bit Digital-to-Analog Converter
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i 3k 2K
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Figure B-31. Bus Transceiver

Figure B-33. 12-Bit Digital-to-Analog Converter



LINEAR DEVICES

Cperational Ampiifiers. The source of gain in an operationai
amplifier can be characterized as an ideal, differential voltage
amplifier having low output impedance, high input impedancs,
and very high differential gain. The output of an operational
amplifier is proportional to the difference in the voitages ap-
plied to the two input terminals. In use, the amplifier output
drives the input voltage difference close to zero through a feed-
back path.

When troublesheoting an operaticnal amplifier circuit, measure
the voltages at the two inputs; the difference between these
voltages should be less than 10 mV. (Note: This troubleshooting
procedure will not work for operational amplifiers which are con-
figured as comparators.) A differsnce voltage much greater than
10 mV indicates trouble in the amplifier or its external circuitry.
Usuaily, this difference will-be several volts and one of the in-
puts will be very close to one of the supply voltages (e.g., +15
Voor —15 V).

Next, check the ampiifier's output voltage. it will probably also
be close to one of the supply voltages {e.g., ground, + 15V,
or - 15 V}. Check to see that the output conforms to the in-
puts. For example, if the inverting input is more positive than
the non-inverting input, the output shouid be negative; if the
non-inverting input is more positive than the inverting input,
the output should be positive. |f the output conforms to the
inputs, check the amplifier's external circuitry. if the ampiifier's
output does not conform to its inputs, it is probably defective.

Figures B-34, B-35 and B-36 show typical operational amplifier
configurations. Figure B-34 shows a non-inverting buffer
amplifier with a gain of 1. Figure B-35 is a non-inverting amplifier
with gain determined by R1 and R2. Figure B-36 is an inverting
amplifier with a gain determined by R1 and R2.

INPUT

V- A

QuUTPUT
o

s

INPUT IMPEBANCE-VERY HIGH
QUTPYUT IMPEDANCE-VERY LOW

Figure B-34. Non-inverting Amplifier {Gain=1)

o

-~ QUTPUT

o P

Ri

A
INPUT IMPEDANCE-R2
OUTPUT IMPEDANCE~-VERY LOW

Figure B-36. Inverting Amplifier {Gain -~ -~ R1/R2)

Cormparators.Comparators are used as level sense amplifiers,
switch drivers, puise height discriminators, and voltage com-
parators. A voltage reference is connected to one of the
ampiifier's inputs as shown in Figure B-37 and B-38. When
the input signal voitage crosses the refarence, the output goes
positive; the output remains positive until the signal re-crosses
the reference.

llv

VsigNal

+V

[y
bwuv

VRes, Your =V
VRer Vour = +V

Vaer

VeignaL
VSIGNAL

Figure B-37. Non-lnverting Comparator

+V - Y
N eV
Vour
o VSIGNAL
QUTPUT -V
"%‘ VsignaL “VREF, VouT - Y
R1 Vaignat ZVRes, Vout© -V
AN~
INPUT IMPEDANCE-VERY HiGH
GUTPUT IMPEDANCE~VERY LOW
Figure B-35, Non-Inverting Amplifier {Gain =1+ Rq/B2} Figure B-38. Inverting Comparator
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Appendix C
MANUAL BACKDATING CHANGES

This appendix describes changes that must be made to ths
manual to adapt the manual to instruments with serial numbers
tower than 2231A-00831, Look up the serial number for your
instrument in the foliowing table, and make only the manual
changes listed for your instrument. Note that some changes
require modification of the instrument. These changes should
be done only if the components listed in the change must be
repaired or repiaced. HP Service Notes are available from your
nearest Hewlett-Packard Service Center.

SERIAL MAKE

PREFIX NUMBER CHANGES
227224 00751-00830 1
2222A 00591-00750 1.2
2141A 00271-00590 1-4
2138A 00221-00270 1-5
2134A 00151-00220 1-6
2118A 00101-00150 17

CHANGE 1

On the schematic diagram for Power Mesh/Control Board,
replace ATRE7 and ATR68 with A1L4 and A1L5, 22pH : change
A2R32 and AZR33 1o 20 k; and delete ATU12B, ATR163, and
ATR262.

If any of the following components must be replaced, the unit
should be modified with Service Kit 5080-2021 according to the
instructions in HP Service Note 6034A-6: ATCR11, AICRI12,
AlL4, ATLE, A1Q1, A1Q2, A1Q3, A104, ATRiI4, AIRIG,
ATRZ1, ATR23, A1T3, A1T4. Make note of the unit’s modifica-
tion so that subsequent repair of A1Q1, A102 and asscciated
components can be done with HP Service Kit 5080-1853.

CHANGE 2

These units have three 16k EPROMSs (A4U25, L9G, U24) instead
of one 64 k ROM (A4U25). Figure C-1 is a schamatic represen-
tation of A4U25, J90, and U24. Refer to Figure 7-3 for jumper
connections.

Figure C-2 shows signatures for A4U25, U90, U24 in free-run
mode, which should be used in place of the A4U25 signatures
shown in Figure 5-12. Figure C-3, EPROM Data Test, replaces
Figure 5-14, ROM Data Test. Figures C-4 and C-5 show
signatures for memory chip select A4UZ2 in free-run mode and
signature analysis mode, and should be used in place of the
A4U22 signatures given in Figures 5-12 and 5-15.

C-1

If any of the EPROMSs have 1o be replaced, all threg EPROMSs
should be replaced with one ROM according to the instructions
in HP Service Note 6034A-6.

CHANGE 3

These units have the four RPG wires soldered to the A3 Front-
Panel Assembly instead of connector J5. When replacing RPG
be certain to re-solder wires in correct position. As viewed from
frent, left-to-right order is: white with red tracer, white with
brown and black tracers, white with red and biack tracers, black
{colors are labeled on front of printed-circuit beard). HP Part
Number of RPG without connector is 5060-0329,

CHANGE 4

On some early production units, REGULATION potentiometer
A3R78 is connected as shown in Figure C-6. [f D/A converter
AAUI has to be replaced, or if A3R78 does not have sufficient
adjustment range, the instrument should be modified according
to the instructions in HP Service Note 6034A-4,

CHANGESB

On thess units, A4C55 on the HP-1B/Microcomputer assembly
is 0.22uF. i A4CHD has 10 be replaced, replace with 1uF
capacitor as listed in parts list,

CHANGE 8

i unit occasionally fails turn-on seif test, check to see if A4US1
is installed in a socket or is soldered directly to printed-cirouit
board. If soldered to printed-circuit board, instrument shouid
be modified according to instructions in HP Service Note
6034A-3.

CHANGE 7

On thess units, A3R121 and R145 on the Front-Panel Assembly
are 2008, If either resistor has to he replaced, replace both with
100! resistors as listed in parts list.
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SIGNATURE ANALYZER SETUP
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Figure C-3. EPROM Data Test




MEMORY CHIP SELECT
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Figure C-4. A4U22 Signatures, Free-Run Mode
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Figure C-6. A3R78/U7 Schematic

Figure C-b. A4U22 Signatures, Signature Analysis Mode




