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SAFETY SUMMARY

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

customer’s failure to comply with these requirements.

BEFORE APPLYING POWER.

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

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 outlet. For instrurments designed
to be hard-wired to the ac power lines (supply mains}, connect
the protective earth terminal to a protective conductor before
any other connection is made. Any interruption of the protec-
tive (grounding} conductor or disconnection of the protective
earth terminal will cause a potential shock hazard that could
result in personal injury. If the instrument is to be energized via
an external autotransformer for voltage reduction, be certain
that the autotransformer commaon terminal is connected to the
neutral (earthed pole) of the ac power lines {supply mains}.

INPUT POWER MUST BE SWITCH
CONNECTED.

fFor instruments without a built-in line switch, the input power
lines 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 personnel must not remove instrument covers.
Component replacement and interna! adjustments must be
made by qualified service personnel. Do not replace com-
ponents with power cable connected. Under certain condi-
tions, dangerous voltages may exist even with the power cable
removed. To avoid injuries, always disconnect power,
discharge circuits and remove external voltage sources before
touching compaonents.

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

DO NOT EXCEED INPUT RATINGS.

This instrument may be equipped with a line filter to reduce
electromagnetic interference and must be connected to a pro-
petly 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 excess
of 5.0 mA peak.

SAFETY SYMBOLS.
Instruction manual symbol: the product

& wili be marked with this symbol when it
is necessary for the user to refer to the
instruction manual (refer to Table of

Contents).

; Indicates hazardous voltages.

@ or b Indicate earth (ground) terminal.

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

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

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMENT.

Because of the danger of introducing additional hazards, do
not install substitute parts or perform any unauthorized
modification to the instrument. Return the instrument to a
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 unintended operation until

they can be repaired by qualified service personnel.
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Section |
GENERAL INFORMATION

11 INTRODUCTION

1-2 This Operating Manual contains a description of the
Model 6034A System Power Supply, including specifications,
and installation and operating instructions. The 6034A User's
Guide, HP Part Number 06034-90003, contains basic operating
instructions for the 6034A along with programming examples
for specific Hewlett-Packard computers and desktop
calculators.

13 SPECIFICATIONS

14 Instrument specifications are listed in Table 1-1. 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.

15 SAFETY CONSIDERATIONS

1-6 This product is a Safety Class 1 instrument {provided
with a protective earth terminall. 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 summary of general safety
information, Safety information for specific procedures is
located at appropriate places in this manual.

1-7 INSTRUMENT AND MANUAL
IDENTIFICATION

1-8 Hewlett-Packard power supplies are identified by a
two-part serial number. The first part is the serial number
prefix, a number-letter combination that denotes the date of a
significant design change and the country of manufacture.
The first two digits indicate the year (21=1981, 22=1982,
etc), the second 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 00101,

1-9 If the serial number on your instrument does not agree
with those on the title page of this manual, a yellow Manual
Changes sheet supplied with the manual defines the dif-
ference between your instrument and the instrument de-
scribed by this manual, The change sheet may also contain in-
formation for correcting errors in the manual.

1-10 DESCRIPTION

1-11 The Model 6034A System Power Supply is an HP-IB
programmable unit that provides laboratory-grade perfor-
mance with the high efficiency of switching regulation 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 to sglect 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 6034A can be both a listener and a talker on the
HP-1B. Qutput 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 its output voltage or current and
put the value on the HP-IB.

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

® QOutput voltage

® Output current

@ Output power circuits off and on (Device Clear

also turns output circuits off)

Soft voltage limit (includes QOVP trip level)

Soft current limit

Limit mode - CV or CC

Time delay after output trigger or reset before

requesting service for limit mode or overrange

Service request masks

Trigger to implement tatest mode, output

voltage and current, and OVP trip level

{Device Trigger also triggers unit)

® Trigger for output voltage or current
measurement

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

1-156 The 6034A is considerably smaller, lighter, and more
efficient than older-design supplies with similar output-power
capability, The unit is fan cooled and is packaged in a Hewlett-
Packard Systern It - compatible modular enclosure, which is
sturdy, attractive, and provides easy access for servicing.

1-16 OPTIONS

117 Options are standard factory modifications or ac-
cessories that are delivered with the instrument. The following
options are available with the 8034A. Note lower output power



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

OPTION NO. DESCRIPTICN

100 Input power: 87 to 106 Vac,
48-63 Hz, single phase.
Output: 150 W, 50 V, 10 A.

220 Input power: 191 to 233 Vac,
48-63 Hz, single phase.

240 Input power: 208 to 250 Vac,
48-63 Hz, single phase.

907 Front handle kit.

908 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 |l 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 (wili be shipped with instru-
ment if ordered as Option 907).
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 908).
5061-0083 Rack flange/front handle kit for 5-1/4
inch high cabinets {will be shipped
with instrument if ordered as Option
909).

1494-0018 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.

HP-IB non-metric to metric connec-
tor conversion kit.

5060-0138

1-20 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 instruments
to metric hardware. The 10631 series of cables are lighter and
more flexible than the 10833 series. The 10833 series of cables
feature improved shielding to help improve overall RFl levels in
many systems. The 10631 and 10833 series cables are com-
pletely compatible with one another, but the 10631 series
cables will interrupt the continuity of the 10833 series
shielding.

1-22 The 10834A 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

10631A HP-IB Cable, 1 m {3.3 ft)
10631B HP-IB Cable, 2 m (6.6 ft}
10631C HP-IB Cable, 4 m {13.2 ft)
10631D HP-IB Cable, 0.6 m (1.6 ft)
10833A HP-IB Cable, 1 m (3.3 ft)
108338 HP-IB Cable, 2 m(6.6 ft)
10833C HP-1B Cable, 4 m {13.2 ft)
108330 HP-IB Cable, 0.5 m {1.6 ft)
10834A HP-1B 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 local
Hewlett-Packard Sales office. Specify the mode! number, in-
strument serial number prefix, and the manual part number pro-
vided on the title page. (When ordered at the same time as the
power supply, additional manuals may be purchased by adding
Option 810 to the order and specifying the number 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.
6034A User's Guide, HP Part Number (6034-30003.
Condensed Description of the Hewlett-Packard Inter-
face Bus, HP Part Number 53401-90030, March, 1975,
18 pages.
Tutorial Description of the Hewlett-Packard Interface
Bus, HP Part Number 59300-90007, Novernber, 1980, 92
pages.




IEEE Std 488-1978 Digital Interface for Programmabie
Instrumentation, corrected edition July 25, 1980, or
later, available from:

IEEE

345 East 47th Street

New York, NY 10017

1-27 HP-IB COMPATIBILITY

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

functions:
SHt {Source Handshake)
AH1 {Acceptor Handshake)
T1 (Talker)
L1 {Listener)
SR1 {Service Request)
RL1 {Remote Local)
PP1 (Parallel Poll}
DC1 (Device Clear)
DT1 (Davice 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 Output: Voltage and current can be programmed via
HP-IB or front-panel control over the following ranges:
Voitage: 0 to 60 V Current; 0to 10 A

See graph below for maximum output power, (This power is
available at load with up to 0.5 V drop in each load lead.)
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QUYPUT 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% 3 mV  Current: 0.01% +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 Current: 5 mA RMS

Temperature Coefficient: A/ °C after 30-minute warmup:
Voltage: +0.009% +0.7 mV
Current: £0.009% +0.8 mA

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

Voltage: +0.03% 3 mV 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:
Voltage: 15 mV Current: 2.5 mA
Programming Accuracy (25 +&°C):
Constant Voltage: £0.07% +28 mV
Constant Current: +0.085% *12.5 mA

Output Impedance (Typical}): 0.1 mQ @ dc, less than 1Q
for all frequencies below 1 MHz. See graph:
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Table 1-1. Specifications and Supplemental Characteristics {cont.)

Programmable Time Delay:
Range: 0-65,635 ms
Resolution: 1ms
Accuracy: 5% typical

within a 60 mV band {0.1% of maximum rated output):

Band: 60 mV{* 1 15 mV(**}
Up: Full Load {18 () 200 ms 225 ms

No Load 200 ms 226 ms
Down: Full Load (18 Q) 300 ms 450 ms
No Load 600 ms 750 ms

*Max, ** Typical
scale can be calculated as follows:

voltage.

60

50

"h-...__-.

AvoyT (VOLTS)
&
\

3
e

[} - //

.-—/

o] 20 40 80 80 100 120
UP PROGRAMMING TIME (m3)

Down Programming: On graph, read difference in time be-
tween initial-output-voltage point and final-output-voltage
point; add settling time of 125 ms if final voltage = 2V, or500
ms if final voltage < 2 V, to settle within 80 V band.
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Programming Response Time: Maximum time for output
voltage to change from 0V to 60 V or 60 V to 2 V and settle

Typical response time for excursions other than full-

Up Programming: On graph, read time for change in output

Front Panel Meters:
Output Voitage: Low Range: +20.00 V
High Range: $200.0V
Range Switch Points: Up: above 1999V 20V

Down:  below 17,56 V typical
Resolution: Low Range: 10 mV

High Range: 100 mV
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 —5)
Range: 200.0 V
Resolution: 100 mV

Accuracy: 0.56% + 150 mV (at 0.0A toad current)}

OCutput Current:
Ranga: +19.99 A
Resolution: 10 mA
Accuracy: 17 mA +0.1%
Temperature Coefficient: £0.01%/°C +0.7 mA/°C

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

Qutput Cumrent:
Range: 0-10 A
Resolution: 2.5 mA
Accuracy: +0.1256% 8.5 mA

Temperature Coefficient; +0.007%/°C £0.36 mV/°C
Settling Time: < 200 ms

Overvoltage Protaction: The lower of the two OVP trip
points will dominate.
Local OVP Adjustment:
Range: 1.7 Vto 645V
Resolution: 0.2 V
Remote QVP Adjustment:
Range: 2.0 V to 64.5 V {the OVP trip point = 2V +
1.04 X soft voltage limit)
Resolution: 0.25 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 equals the set voltage. This

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

Temperature Coefficient: 260 PPM/°C

Amplified Current Monitor: Scale Factor 0-5 V monitor
output for 0-10 A output current.

Accuracy: 0.1% +7 mV typical

Qutput Impedance: 10 k@ nominal

RFl Specifications: Meets VDE 0871/6.78 Level A
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Table 1-1. Specifications and Supplemental Characteristics {cont.}

DC 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 output 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
lead.

AC Input: Two internal switches and one internal jumper
permit operation from 120, 220, or 240 Vac {—13%, +6%);
48-83 Hz. (Option 100 is factory set only,)

325 W@ 200 W output
600 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 Figure 2-1.

Weight:

Net: 9.9 kg (20 Ib.) Shipping: 10.4 kg {23 Ib.)
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Section i
INSTALLATION

21 INTRODUCTION

2-2 This section contains instructions for checking and
repacking the unit, bench or rack mounting, connecting the
uRit to ac input power, and converting the unit from one line
voltage to another if required. Instructions for connecting load
and HP-IB cables, and for setting the HP-IB address are given
in Section .

2-3 INITIAL INSPECTION

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

25 Mechanical Check

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

2-7 Electrical Check

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

2-9 PREPARATION FOR USE

2-10 In order to be put into service, the 6034A must be
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Figure 2-1. Outline Diagram.




connected to 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 before reading paragraph 2-19.

2-1 Location and Cooling

2-12 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 temperature does
not exceed +55°C.

2-13 Outline 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 System |l cabinets.

2-17 Rack Mounting

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

2-19 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 voitage range and input current required for each of
the nominal inputs are listed below. The maximum input
power ({(at high line, full load) required for any input is 325
watts. A label on the rear panel indicates the nominal line
voltage for which the instrument was set at the factory. If
necessary, the user can convert the instrument from one line
voltage option to another by following the instructions in
paragraph 2-25,

Nominal Line Voltage Maximum
Voltage Range Input Current
100V 87-106 5.6 Arms
120V 104-127 56 Armms
20v 191-233 3.0 A ms
240V 208-250 2.8 Ams

2-21 Power Cable

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

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

ORTESD

8120 - 348 8120 - 1358 1251 —3498
STANDARD PLUG ONLY
8120 - 1369 8120 - 1689 Bi20-2104

Figure 2-2. Power-Cord Plug Configurations

2-23 To protect operating personnel, the National Elec-
trical Manufacturers Association {NEMA) recommends that
the instrument panef and cabinet be grounded. This instru-
ment is equipped with a three-conductor power cable; the
third conductor is the ground conductor. When the cable is
plugged into an appropriate receptacle the instrument is
grounded. In no event shall this instrument be operated
without an adequate cabinet ground connection.

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

NOTE

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

2-25 LINE VOLTAGE OPTION
CONVERSION

! CAUTION

Conversion to or from 100V operation requires
replacement 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 properly will result in an output that does
not correspond to programmed values.

2-26 Line voltage conversion is accomplished by adjusting
three components; the two-section line select switch S2, line-
voltage jumper W1, and rear-panel line fuse F1. To convert the



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

Some components and circuits are at ac line
voftage even with the fine switch off, To avoid
electric shock hazard, disconnect line 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.
For example, to set switches for 120V operation (as

illustrated), 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.

c. The line voltage jumper W1 is located about 2-1/2 inches
in front of rear-panel terminal block (see Figure 2-3). (A
dashed line is silkscreened on A3 board from vincinity of 52 to
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-panel fuseholder
and replace with correct value if necessary. Do not use slow-
blow fuses. For 120V operation, use 6A fuse, HP Part Number
2110-0056. For 220V or 240V operation, use 4A fuse, HP Part
Number 2110-0055. Fuse ATF2 (near $2) 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 2100-0063 for all input voltages.

e. Replace covers and mark the supply clearly with a tag or
label indicating correct line voltage and fuse to be used.

!
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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
recommended that the package designed for the instrument
be used. The original packaging material is reusable. If it is not

available, contact your local Hewlett-Packard 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 to attach a tag to the instrument
specifying the owner, model number, full serial number, and
service required, or a brief description of the trouble.



Section Il
OPERATING INSTRUCTIONS

31 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, but the user should become familiar with both
methods of operation. Information in this section through
paragraph 3-64 and in paragraphs 3-70 through 3-73 applies to
both local and remote operation. Programming examples for
specific Hewlett-Packard computers and desktop calculators
are given in 6034A Power Supply User's Guide, HP Part
Number 06034-90003. More theoretical descriptions regarding
the operational features of power supplies in general are given
in the DC Power Supply Handbook, Application Note 90B
{available at no charge from your local Hewlett-Packard Sales

Office).

Before the instrument is turned on, all protective
earth terminals, extension cords, and devices
connected to the power supply should be con-
nected to a protective earth ground. Any interrup-
tion of the protective earth grounding wilf cause a
potential shock hazard that could result in per-
sonaf injury. 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 a shock hazard.

33 CONTROLS AND INDICATORS

34 The front-panel controls 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 controls and indicators is
described.

35 OUTPUT RANGE FOR
AN AUTORANGING POWER
SUPPLY

36 The Model 6034A 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 6034A
operates as a CV or a CC source depends on the output
voltage and current settings and the value of load resistance.

3-7 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 6.7 ochms, the supply operates in constant voltage mode.
For values of load resistance less than the crossover value, the
supply operates in constant current mode. The transistion
occurs automatically; no switches need be operated 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 6034A can be remotely programmed
to operate as a current source and then returned to local con-
trol. As a current source, either the CC (NORMAL) or CV
{LIMIT) indicator will be on.) In remote control, the 6034A can
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Figure 3-1. Front-Panel Controls and Indicators




Table 3-1. Controls and Indicators

Number Controls/Indicators Description Paragraph #

1 HP-IB Status Indicators RMT indicates that power supply 3-73, 3-79
is under remote control.
In test mode, HP-I1B

status indicators flash LSN indicates that power supply 3-85
an and off 10 indicate is addressed to listen.
which test, if any,
the unit has failed TLK indicates that power supply 3-85
{see Paragraph 3-14). is addressed to talk.
SRQ indicates that power supply 3-87, 3-90

is requesting service from controller.

2 Power Supply Status Indicators OVP indicates that overvoltage 3-25, 3-81
protection circuit has tripped and
In test mode, power supply is latched.,
status indicators flash on
and off to indicate the OTP indicates that overtemperature 3-81
particular fault within a protection circuit has been activated.

failed test {see Paragraph 3-14).
UNREGULATED indicates that neither 3-11, 3-81
the CV or CC loops are regulating the
power supply cutput {either from

an overrange condition or low ac
input voltage).

DISABLED indicates that output 3-124
power circuits have been turned off via

HP-IB.

INVALID REQUEST indicates either a 3-81

syntax error or a soft limit
error in an instruction was received

via HP-IB.
3 MODE Indicators CV (NORMAL) indicates that 3-7, 3-15

power supply has been programmed

Unit initializes as a as a voltage source and is

voltage source, made (CV regulating its output at a

or CC} depends on voltage constant voltage.

and current settings and

load resistance. CC {LIMIT]} indicates that power 3-7, 3-15

supply has been programmed as a
voltage source but is regulating
its output at a constant current.

CC [NORMAL) indicates that 3-7
power supply has been programmed
as a current source and is

regulating its output at a

constant current.

CV (LIMIT} indicates that 37
power supply has been programmed
as a current source but is
, regulating its output at a

) constant voltage.
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Table 3-1.

Controls and Indicators {cont.}

Number

Controls/Indicators

Description

Paragraph #

OUTPUT ADJUST Controls
OUTPUT ADJUST knob
is a two-speed rotary pulse
generator {RPG); faster rotation
causes greater rate of

change per rotaticn.

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.
OUTPUT ADJUST controls

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

3-15, 3-73 through 3-77

QVP Controls

The recessed ADJUST control sets
overvoltage protection trip voltage.
DISPLAY pushbutton switch causes
voltmeter to display the operating
QVP trip voltage (lower of

OVP trip voitage set locally by
ADJUST or QVP trip voltage
determined by remotely sent

soft voltage limit). When DISPLAY
is pushed in, OVP SET light to

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

315, 3-26

LCL Pushbutton Switch

LCL returns power supply to
local control {unfess local lockout
command has been received via
HP-IB}.

3-78, 3-97

SELF TEST Indicator

Indicates that unit is in self test
(always performed at turn-on} or in
user-seiected 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
decimal point. OVP SET light to right

of voltmeter indicates that voltmeter

is displaying OVP trip voltage (200.0 V
range}. 3% digit ammeter has one range,
20.00 A.

311, 315

LINE Switch

Turns ac input power on and off,

it



be programmed to operate either as a voltage sousce {either
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 6034A switches between CV
and CC mode 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 to CV.

60V Zo0W
3 -
Ega}- —— P/OLOCUS 3
50% ol
R=1.98
CONSTANT VOLTAGE
OPLRATING REGIONS
[RLOAO > Rcl
Egol- — - — ___locusz
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I
| R=2.90
Egil- FLOCUS | ! @w
20V \ ! !
Re16-™0 | CONSTANT CURRENT | [P/
| OPERATING | |LOCUS
E | REGIONS | 13
ouT | Rioap <Re) | |
I |
I I
I ]
I i I
| L 1
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E£4= VOLTAGE CONTROL SETTING
lg = CURRENT CONTROL SETTING
R % = CROSSOVER VALUE OF LOAD RESISTANCE

Figure 3-2. Overall Qutput Range with Three Sample
Operating Loci

38 Locus 2 is established with a voltage setting of 35 V
and a current setting of 6.5 A. Its crossover load resistance is
5.4 ohms, and lies on the rated-output-power boundary.

39 A rectangular operating locus will be established for all
voltage and current settings within the rated-output-power
boundary. The power supply operates at one point 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 locus 3, the supply will go into overrange if the
load resistance falls within a critical band {refer to next
paragraph}.

3-10 Overrange. The supply will be driven into overrange
{shaded area of Figure 3-2) if the voltage and current settings
are set above the output power rating and the load resistance
falls within a critical band. For example, assume a voltage set-
ting of 50 V and a current setting of 8.5 A, as in locus 3on

34

Figure 3-2. For ali load resistances above 11.9 ohms (which is
the critical value) the supply would operate normally in con-
stant voltage mode. If the load resistance were to tall much
below 11.9 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, 25 V point. {The
supply will probably go out of regulation while operating in the
overrange region, refer to Paragraph 3-12).

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

312 The supply can operate in the overrange region
(beyond the rated-output-power boundary) for sustained
periods without being damaged. However, the supply is not
guaranteed to meet specifications in overrange. Qutput ripple
increases substantially and regulation is seriously degraded.

NOTE

Under certain conditions of line and load, it is
possible for the supply to provide more than rated
output power and stilf maintain regulation. If this
oceurs, the unit will operate normally and the
UNREGULATED indicator will be off. However,
the slightest change in either fine or load may
cause the unit to go out of requlation, Operation
of the unit beyond the rated-output-power
boundary is not recommended under
any circumstances.

313 TURN-ON CHECKOUT PROCEDURE
314 The 6034A performs a self test of its RAM, real-time
clock, and ROM circuits each time power is turned on. The
tests take less than one second to complete, and all indicators
are on while the tests are in progress. If the 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 focation 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 failure 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 self test
or if there are other indications that the unit may not be
operating properly; refer to Section V.

I CAUTION

Do not enter test mode with load connected.
60344 will indicate test faflure and load may be
damaged by 60-volt 1-ampere output. Refer to
Section V for use of test mode.




NOTE

Because the unit is testing itself, it is not possible
to guarantee that the unit will provide an un-
armmbiguous indication of all possible faillures. For
example, 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 if there is any reason to
suspect that the unit may be malfunctioning.

3-15 The following procedure ensures that the unit is
cperational, and may be used as an incoming inspection
check. Ensure that the rear-panel terminal block is strapped as
shown in Figure 3-3 and that the screws are tightened secure-
ly. Check that the rear-panel label indicates unit is set for line
voltage to be used. There should be no cables connected to
the rear-panel HP-IB connector. Check that recessed QVP
ADJUST control is fully clockwise.

A A2 +8 + - -5 7

@[@[Q 212 @I@

Figure 3-3. Factory-Set Terminal Block Strapping

a. Press pushbutton LINE switch on {pushbutton in). Fan
should operate, and after initial blinking of all indicators
during self test, SRQ, CV (NORMAL)}, and VOLTAGE
indicators should remain on.

. Press momentary-contact OVP DISPLAY pushbutton

switch and observe that OVP SET indicator lights next

to voltmeter and that voltmeter indicates 64.5 +0.1 V

(at room temperature}.

Turn OUTPUT ADJUST knob clockwise and ensure

that output voltage increases from zero to full output

voltage as indicated on voltmeter. CV {NORMAL} in-
dicator should be on across entire range, indicating that
unit is in constant voltage mode.

. Check overvoltage circuit by turning OVP ADJUST con-
trol counterclockwise until OVP circuit trips. Qutput
voltage should drop to ¢ to — 0.5V, CV (NORMAL) in-
dicator should turn off, and OVP indicator should turn
on {SRQ and VOLTAGE indicators remain on),

. Reset QVP circuit by turning OVP AJDUST control fully
clockwise and turning unit off for at least two seconds
and then bhack on. Output voltage should come on at
zero volts.

f. To check constant current gcircuit, turn unit off and con-
nect a short {AWG #18 or larger} across + and — ter-
minals on rear panel.

. Turn wunit on and turn QUTPUT ADJUST knob
clockwise until CV (NORMAL) indicator turns off and
CC {LIMIT) indicator turns on.

3-5

h. Press mormentary-contact QUTPUT ADJUST push-
button switch once. VOLTAGE indicator should turn off
and CURRENT indicator should turn on.

i. Turn OUTPUT 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 entire 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
be a current source only by remote control; it can then
be returned to local control. Note that the operation of
the unit is the same in either case; the only thing that
changes is which mode is defined as normal and which
is defined as limiting.}

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

INITIAL SETUP AND
INTERCONNECTIONS

WARNING

Disconnect input ac power before changing any
rear-panel connections and make certain all wires

and straps are properly connected and terminal
block screws are securely tightened before reap-

plying power. Be certain to replace terminal block
cover before reapplying power.

3-16

3-17 Connecting the Load

318 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
least heavy encugh not to overheat while carrying the power
supply output current that would flow if the load were
shorted. Stranded AWG #16 wire is rated for 12.7 A at 105°C
conductor temperature. Stranded AWG #14 wire is rated for
148 A at 8C. (The maximum allowable conductor
termnperature is based on 60°C ambient temperature plus 20°C
or 45°C temperature rise due to continuous dc current.) These
ratings are based on use of a twisted pair to connect the load
to the supply. Generally, heavier wire is required to obtain
good regulation at the load. If load reguiation is critical, use
remote voltage sensing (Paragraph 3-30).

3-19 The terminal block is protected by an impact resistant
plastic cover, which is secured to the unit with two #6-32
screws, Be certain to replace the cover after making
coennections.

3-20 If multiple loads are connected to one supply, each
load shouid be connected to the supply’s output teyminals us-
ing separate pairs of connecting wires, This minimizes mutual
coupling effects and takes full advantage of the supply’s low
output impedance, Each pair of connecting wires should be as
short as possible and twisted or shielded to reduce noise
pickup.
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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 terminais should be con-
nected to the remote distribution terminals by 8 pair of twisted
or shielded wires and each load should be separately con-
nected to the remote distribution terminals. Remote voltage
sensing i required under these circumstances {Paragraph
3-30). Sense either at the remote distribution terminals, or {if
one load is more sensitive then the others) directly at the most
critical load.

322 Ejther positive of negative voltages can be obtained
from the supply by grounding one of the output terminals. Itis
best to avoid grounding the output at any point other than the
power supply output terminals 10 avoid regulation problems
caused by common-mode current flowing through the load
leads 10 ground. Always use two wires to connect the load to
the supply regardless of where or how the system is ground-
ed. Never ground the system at more than one point. This
supply can be operated with either output terminal up 10 +240
volts dc {including output voltage) from ground.

3-23 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 1oad may affect the ioad
although the spikes are inductively isolated from the power
supply. To minimize voltage 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 reduced to a
tevel well below the value specified at the 6034A output
terminals.

POWER SUPPLY

L AC
—-ACC
+s + = -5/
Al GND
. -
[ NOTE: IF EITHER SIDE OF

LOAD IS TO BE GROUNDED,
GROUND CONNECTION
SHOULD BE MADE AT
POWER SUPPLY, NOT AT
LOAD

LOAD

TWISTED PAIR OR
PARALLEL AND CLOSE
TOGETHER

BYPASS CAPRCITOR:
2 (uf, T5Vdo, AS CLOSE
AS POSSIBLE TO 1LOAD.

Figure 3-4. Connecting a Bypass Capacitor

3-24 Overvoltage Protection (OVP)

325 The overvoltage trip point can be adjusted at the
front panel or remotely via HP-1B. OVP will trip at the lower of
the two values, regardless of whether the B034A is in local or
remote control, The approximate trip voltage range is from
two volts to 64.5 volts, When the OVP circuit trips, the supply
is 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.
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3-26 Local Adjustment. OVP is set locally by the re-
cessed single-turn OVvP ADJSUST poientiometer an the front
panel. Rotating the control clockwise sets the trip voitage
higher. (it is set 1¢ maximum at the factory.] When adjusting
the OVP trip point, the possibility of false tripping must be
considered, 1f the wip voltage is set 100 close 1o the supply’s
operating voitage, 3 {ransient in the output would falsely trip
the OVP. For this reason it is recommended that the OVP trip
voltage be set higher than the output voltage by at least 1.5
volts + 1% of the outpul voltage. To adjust the OVP trip
voltage at the front panel, proceed as follows:

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

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

3-27 Local OVP Reset. To reset the OVP locally, the ac
LINE switch must be turned off for a least one second and
then back on. The cause of the overvoitage muct be removed
before the OVP circuit is reset, or the circuit will trip again
immediately. Turning ac power o and back on will reset ovVP
regardless of whether the trip voltage was set locally or
remotely. If the OVP circuit trips continuously check the load
and/or the trip voltage.

3-28 Remote Adjustment. OVP is set remotely as a
function of the soft voltage fimit sent to the 6034A (see
Paragraph 3-117). The OVP trip voltage is two volts plus 1.04
times the soft voltage limit. For example, if a soft voltage limit
of 30 V is set, the OVP trip voltage will be 33.2 V
{11.04x30] + 2. Because the B034A initializes at power on with
a soft voltage limit of 80 V, the remote OVP initializes at 64.5
V. Remember that the lower OVP trip voltage, either locally or
remotely set, is the level displayed by OVP DISPLAY and the
leve! at which the unit trips, regardless of whether the unitisin
local or remote control.

3-29 Remote OVP Reset. OVP is reset remotely by send-
ing "R’ {(Reset} to the 6034A (see Paragraph 3-124). The cause
of the overvoltage must be removed before the OVP circuit is
reset, or the circuit will trip again immediately. Sending R to
the 6034A wili reset OVP regardiess of whether the trip voltage
was set locally or remotely. If the OVP circuit trips continu-
ously check the load and or the trip voltage.

3-30 Remote Voitage Sensing

33 Because of the unavoidable voltage drop developed
in the load leads, 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 voltage regulation at the load by monitaring the voltage
there instead of at the supply's output terminals. (The advan-
tages of remote sensing apply only during constant voltage
operation.) When using remote sensing, turn off the power
supply before changing the rear-panel strips, sense leads, or
load leads. The following paragraphs discuss some precau-
tions that should be observed when making a remote sensing
installation.

332 The load leads shouid be of the heaviest practicable
wire gauge, at least heavy enough to [imit the voltage drop in




each lead to 0.5 voltg, The power supply has been designed to 3-33 Since the sensing leads Carry only a few milliamperes,

minimize the effects of long load leaqd inductance, byt best the wires used for sensing can be much lighter than the load
results will be obtained by using the shortest load leads feads (AWG #22 is generally adequate), byt they should be g
practicat. shielded, twisted pair to minimize the pickup of external noige.

Any noise picked up on the sensing leads will appear the the

supply's output, and CV lgad regulation may be adversely

NOTE affected. The shield shoulg be grounded at one 3ng only and
should not be used as one of the sensing conductors The

Aemote voltage  sensing compensates for g sensing leads should be connected as close to the load as
voltage drop of up to 0.5 Vin each lead, and there possible.
may be up to a 0.35 v drop between the — output
terminal and the nternal sensing resistor, at 3-34 The sensing leads are part of the supply’s program-
which point the oyp cacult is connected, ming circuits, so they should be connected in such 4 way as to
Therefore, the voltage sensed by the OVP circuit make it unlikely that they might inadvertently become open
could be as much as 1.35 V more than the voltage circuited. If the sense feads open during operation, it is pOSSsi-
being reguiated at the joad, 1t may be necessary ble that the load voltage will rise above jts programmed value,
o readjust the OVP i voltage when using Therefore, it is recommended that no switch, relay or connec-
remote sensing, tor contacts be included in the remote sensing path.

POWER sUpeyy

3-35 Auto-Paralje) Operation

45 + - ~g ) 3-36 Figure 3-6 shows the interconnections required to
A7) ) auto-parallel other autoranging power supplies with a 6034A
as the master supply, An auto-parallel combination provides a
greater current capability than can be obtained from a single
supply, while ensuring that each supply will share the load

LOAD

Figure 3.5, Remote Voltage Sensing the master unjt, _ R

6034 A SLAVE # SLAVE # 2

cC cc
PROGRAMMING PROGRAMMING
INPUT
i +S + ~ _g
2

NOTE: THE MASTER caN B

Loab
CONNECTED For REMCTE o

SENSING.

Figure 3-. 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 length
and gauge to connect each auto-paralleled supply
to the load. If it is impractical to run leads from
each supply to the load because of distance, leads
of equal length should be run from each supply to
commaon 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-paralfel combination, down-
programming speed wilf be reduced under
no-foad conditions.

3-37 Setting Output Voitage and Current, 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 sup-
plies should be set above the desired output voltage to avoid
interference with the master supply.

NOTE

The voitage controls of Hewlett-Packard
autaranging 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 a voltage
higher than the desired output voltage. The
Operating and Service Manuals for Hewlett-
Packard autoranging supplies provide instructions
for selecting the resistor value,

3-38 Overvoltage Protection in Auto-Parallel. Adjust
the OVP trip point at the master supply. The slave supply OVP
trip controlis} 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 supplies 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
mode.

3-33 Auto-Parallel with Remote Voltage Sensing, To
combine auto-parallel oparation with remote voltage sensing,
connect the supplies as described above but remove the +5
and — S jumpers from the master supply and connect the + 5
and — S terminals directly to the + and — ends of the load.
Observe the precautions outlined under Paragraph 3-30.

3-40 Auto-Series Operation

34 Figures 3-7 and 3B show the interconnections re-
quired to operate two or more supplies in auto-series mode
with a 8024A 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 connecied 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 simuttaneously by the voltage and current settings
of the master supply. Any power supply capable of auto-series
operation can be used in the auto-series combination. The
supply with the lowest current rating limits the maximum out-
put current of the combination. The 6034A 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 pointin the
output is more than 240 volts (including output voltage) from
ground.

60344 SLAVE #1 SLAVE # 2
MASTER
oV oV
PROGRAMMING PROGRAMMING
INPUT INPUT
Al AZ S + - -5/ +S + - -8 45 + - -5
NDTE: _]
THE MASTER CAN
BE CONNECTED
FOR REMOTE
SENSING. AAN—B—MAN
Ryz  Rye
AN AN — ]
Ryr Ry

LOAD

Figure 3-7. Auto-Series Operation
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3-42 The output voitage of each slave supply varies in
direct proportion to that of the master supply. The ratio of
each slave supply’s output voltage to the master supply’s out-
put voltage is established by the ratic 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
negative voltages are required, center tapping the supply com-
bination and foad as shown in Figure 3-8 allows simultaneous
proportional control of both supply voltages.

CAUTION

/f more than four supplies are connected together
in an auto-series combination, be certain that
neither the more positive end nor the more
negative end of the auto-serfes combination is
more than 240 volts from ground.

60344

MASTER SLAVE

Cv
PROGRAMMING

INPUT
AL A2 45 + — -5 A 154 - -5
NOTE: I I
THE MASTER CAN
BE CONKECTED AN —e-AAN,
FOR REMOTE Ry Ry
SENSING
| . |
LOAD LOAD

Figure 3-B. Auto-Series Operation, Positive and Negative
Outputs

3-44 Setting Output Voltage and Current. The auto-
series 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 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 Output and
VOLTAGE potentiometer terminals to the CV Programming
Voltage Input terminal. The current controls of the slave sup-
plies should be set above the desired ocutput current to avoid
interference with the master supply.

3-9

NOTE

The current controls of Hewilett-Packard
autoranging supplies can be disabled by replacing
the strap connected between the CC Program
ming Voltage terminal and the CURRENT poten-
tioreter terminal with a resistor on each slave
supply. The resistor value should be chosen to
program a current greater than the desired output
current. The Operating and Service Manuals for
Hewlett-Packard autoranging supplies provide in-
structions for selecting the resistor value.

3-45 Resistor Values. As shown, each slave has an exter-
nal voitage divider, Ryand Ry, that determines its programm-
ing voltage. The ratio of Ry to Ry determines the ratio of the
slave output voltage to the master output voltage. To deter-
mine the values of Ry and Ry, first choose the ratio of the

slave output voltage to the master output voltage ( 3—2—' ), select
a value for Ry, and then determine the value for Ry by solving

. . v
this equation: RX=D2(Ry) (1+V—sm)___[-Ry_ For example,

assume a two-supply combination that is to provide 90 volts,
50 volts from the master and 40 volts from the slave. If we
select a value of 1k for Ry, the equation becomes:

Rx = [1211000) (1 +i’—gﬂ— 1000
Rx = [12,000 {2.26)]— 1000

Ry = 26,000

3-46 Note that the slave output voltage may be lower
than, equal to, or higher than the master output voltage.

3-47 Two factors must be considered when selecting the
resistance value of Ry; the effect on programming specifica-
tions, particularly speed, 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, Ry will have to
dissipate 290 milliwatts and Ry will have to dissipate slightly
more than 11 milliwatts. Lower resistance values of Ry and
Ry wilt increase programming speed while increasing the
amount of power that Ry and Ry will have to dissipate.

3-48 To maintain the temperature coefficient 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-panel VOLTAGE potentiometer of the slave
supply can be used in place of Ry by connecting a strap from
the CV Programming Voltage Input terminal of the slave sup-
ply to the VOLTAGE potentiometer terminal of the slave sup-
ply. This enables the user to vary the percentage of the total
voltage contributed by the slave,




3-50 Overvoltage Protection in Auto-Series. Adjust
the OVP trip point in each supply to a voltage higher than the
voltage that supply will contribute, If the master supply OVP
trips, the master supply will program the slave supplies to zero
output. !f a slave supply OVP trips, that slave supply and alil
slave supplies between it and the negative end of the series
will go to zero output; all units more positive than the tripped
slave supply {which includes the master supply} will continue
1o supply their set output voltage. Therefore, the total output
voltage of the auto-series combination will be the sum of the
outputs from the master supply plus any slave supplies be-
tween the master supply and the tripped slave supply. For
maximurn protection against overvoltage, set each unit's OVP
slightly higher { = 1.5 volts) than the voltage 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 Remote Voltage 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 + 35 and — 5 terminals
directly to the + and — ends of the load. Observe the precau-
tions outlined under Paragraph 3-30.

3-52 Auto-Tracking Operation

3-53  Figure 3-9 shows the interconnections required to
operate two or more units in auto-tracking mode with a 6034A
as the master supply. This mode of aperation allows multiple
supplies that share a common output bus {negative or
positive) to power separate loads and have their output
voltages simultaneously programmed by the voltage and cur-

60344 SLAVE #1 SLAVE # 2
MASTER
Y cv
PROGRAMMING PROGRAMMING
INPUT INPUT
M AZ+S + - =5 P 5+ ~ -§ +5 + - -§
Rys Ry,
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Fxa | Rva
LOAD LOAD LOAD
L+ - ]+ - L + -
Figure 3-9. Auto-Tracking Operation
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Figure 3-10. Auto-Tracking Operation, Positive and Negative 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 supply’s output voltage to the
master supply’s is established by the ratio of the resistors in
the voltage divider connected between + S of the master sup-
ply and — S of the slave supply.

3-54 Figure 3-10 shows the interconnections required 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 — Qut terminal is connected to
the common bus. There is no limit to the number of supplies
that can be operated in either auto-tracking configuration, but
the 6034A 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 3-45 for auto-series mode. First choose the ratio of
the slave output voltage to the master output voltage, select a
value for Ry, and then determine the value for Ry by solving
the equation:

Ry = Ry [(12 ‘\;—s”‘ )

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 cutput varies from 0 to 30 volts. If we select a value of
1k for Ry, the equaticn becomes:

Ry = 1000 {112 2 ) 1]
Rx = 1000 [7.2 —1]
Ry = 6200

3-57 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) supply {unlike auto-series
mode). Note that the slave output voltage may be lower than,
equal to, or higher than the 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 equation in
Paragraph 3-45 is used to determine the values of Ry and Ry
for the slaves providing negative outputs.

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

3-61 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 1o
the VOLTAGE potentiometer terminal of the slave supply. This
enables the user to vary the ratio of the slave supply output
voltage to the master supply output voitage.

3-62 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. If 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
slave supply goes into constant current mode, however, no
other supply is affected.

3-63 Overvoltage Protection in Auto-Tracking. Adjust
the OVP 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 to zero output. if
a slave supply OVP trips, only that slave supply and its load
will be affected.

3-64 Auto-Tracking with Remote Voltage Sensing.
To combine auto-tracking operation with remote voltage sens-
ing, connect the supplies as described above but remove the
+ S and — S jumpers from each supply and connect the + 8
and — S terminals directly to the + and — ends of its load.
Observe the precautions outlined under Paragraph 3-30.

3-65 HP-IB

3-66 Connections between the 6034A and the HP-IB are
made via the HP-IB cennector on the rear panel. Figure 3-11
shows the signals at each of the HP-iB connector pins. The
HP-IB connectors table in Section | lists cables and cable ac-
cessories 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 to mate non-metric {silver)
fasteners with metric {black} fasteners (see accessories table
for conversion kit).

SIGNAL Common | | | sHIELD
SIGNAL COMMON o | = | atn
TWISTED WITH PIN 11 | &

SIGNAL COMMON w | =
TWISTED WITH piv 10| ™ | © | SR@
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TWISTED WITH PN 9
SIGNAL COMMON Bl NDAC
TWISTED WITH PIN 8
SIGNAL COMMON —
TWSTED wiTH PN 7| < NRFD
SIGNAL  COMMON 1 o
TWISTED WITHPIN 6| ® Dav
REN |~ | @ | EOI
Dpos | @ | & | pio4
pio7 | & |« | Dio3
plos | & | ™| pio2
oios |z | - | oo

Figure 3-11. HP-1B Connector
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3-67 An HP-1B 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 mare than 15,

2. The total length of all the cables used is no more than
two metres times the number of devices connected
together, up to an absolute maximum of 20 metres.
(The length between adjacent devices is not critical as
long as the total accumulated cable length is no more
than the maximum atlowed.}

NOTE

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

3-68 it is recommended that no more than three connector
blocks be stacked together, as the resultant leverage can exert
excessive force on the mounting panels. Be certain that all
connectors are fully seated and that the lock screws are firmty
finger tightened. Do not use a screwdriver. The screwdriver
slots in the lock screws are provided for removal purposes
only.

3-69 Paragraph 3-82 provides information for operating
the 6034A in an HP-IB system. The Tutorial Description of the
Hewlett-Packard Interface Bus and other documents listed in
Section | provide additional information that may be helpful
when designing an HP-IB system.

3-70 Current-Monitor Qutput Signal

3N An amplified and buffered output signal from the
current-monitoring resistor is available between terminals Al
and A2 on the rear panel. This signal can be connected to a
remote voltmeter to indicate the amount of output current.
The signal varies from 0 to 5 volts to indicate & zero to full scale
{10A) current output. The — terminal of the voltmeter should
be connected to terminal A2. Output impedance at terminal
Al is 10k; a load of 1 megochm will maintain 1% reading
accuracy.

3-72 Protective Circuits

373 Protective circuits within the 6034A may limit or turn
off the output in case of abnormal conditions. The cause for
the protective action can be determined by observing the
front-panet indicators (lights and meters). An overrange con-
dition is indicated by the UNREGULATED indicator on, the
VOLTS and AMPS meters reading relatively high, and the
MODE indicators off. An overvoltage condition is indicated by
the OVP indicator on, both meters reading near zero, and the
MODE indicators off. An overtemperature condition is in-
dicated by the OTP indicator on, the MODE indicators off, and
both meters dropping to near zero from the readings that
existed when the overtemperature condition occurred. If the
BO34A receives an invalid request via HP-IB {eg: syntax error
or out of range), the INVALID REQUEST indicator turns on;
the unit ignores the invalid request and remains at the
previously set value. If 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).
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3-74 LOCAL OPERATION

3-75 The 6034A is configured for local operation {(RMT in-
dicator off) and constant voltage mode (CV (NORMAL} in-
dicator on} when the unit is turned on. Output voltage is set to
zero, output current is set to 1 ampere, and the QUTPUT AD-
JUST knob is configured to adjust output voltage (VOLTAGE
indicator is on). Pressing the OUTPUT ADJUST pushbutton
switch alternately configures the OUTPUT ADJUST knob to
adjust output voltage and output current, as indicated 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 example, assume the voltage limit is set to 50 V but the
unit is in constant current mode with a 25 V cutput. Rotating
the GUTPUT ADJUST knob when the VOLTAGE indicator is
on will vary the 50 V limit, even though the voltmeter will not
change until (and if) the voltage limit is adjusted below 25 V.
When the 6034A, is under remote control {RMT indicator on),
neither the VOLTAGE or CURRENT indicator is on and the
OUTPUT ADJUST knob has no effect.

3-76 Constant Voltage Operation

377 To adjust the supply for constant voltage operation:

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

b. Turn on supply. Press QUTPUT ADJUST pushbutton
once so that OUTPUT ADJUST knob controls current, and
adjust for the desired maximum output current. (It may be
necessary to turn up voltage setting slightly.}

¢. Press QUTPUT ADJUST pushbutton once so that QUT-
PUT ADJUST knob controls voltage, and adjust voltage to
zero,

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

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

3-78 Constant Current Operation
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/I, to determine the minimum resistance value that
can be used {E = desired voltage limit, | = 1A or less.) Any
larger value is acceptable, but see 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 to be set. A
60-ohm resistor will draw 1A at 60 V, and will have to dissipate
60 W. A 120-chm resistor will draw 0.5A, and will have to
dissipate only 30 W. To adjust the supply for constant current
operation:

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



b. Press OUTPUT ADJUST pushbutton swiich once, so
that QUTPUT ADJUST knob controis current {CURRENT in-
dicator on}. Turn output current down to zero. {Turn QUTPUT
ADJUST knob CCW at least one turn after AMPS meter in-
dicates zero to account for calibration tolerance.} 6034A
should be in CC (LIMIT) mode with output voltage approx-

imately zero.
WARNING

With worst-case calibration, the foad resistor may
have to pass up to 20 mA while output current is
adjusted to zero. Therefore, the larger the
resistance the greater may be the voltage
developed across the foad resistor. {For example,
250 ) may develop up to 5V, 1 kK2 may develop up
to 20 V.}

¢. Connect actual load to 6034A cutput terminals and then
disconnect load resistor.

WARNING

Depending on calibration of unit, output voftage
may begin to rise slowly if no load is connected to
the output terminals. Be certain to connect load
before disconnecting load resistor. VOLTS meter
will indicate voltage at the output terminals. If the
output voltage begins to rise, turn power off and
start procedure again.

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

e. If the load change causes the voltage limit to be exceed-
ed, the supply automatically crosses over to constant voltage
operation and the output current drops proportionately. In set-
ting the voltage limit, make an adequate allowance for high
peak voltages that could cause unwanted crossover.

3-80 Return to Local

3-81 If the 6034A is under remote control {RMT indicator
on} and local lockout has not been sent {see Paragraph 3-97},
pressing the LCL pushbutton switch will return the unit to
local (front panel} control. Holding the LCL switch in will pre-
vent the B034A from returning to remote control for as long as
the LCL switch is held in or until local lockout is sent. If the
6034A has been disabled via HP-IB (DISABLED indicator on),
the LCL switch will not restore the 6034A output. The only
way to eliminate disable locally is to turn the 6034A power off
and then back on. However, the OUTPUT ADJUST controls
continue to operate in local control even if the unit is disabled.

3-82 HP-1B OPERATION
3-83 Interface Functions

3-84 The 6034A implements the following HP-IB interface
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functions, which are defined by |EEE standard 488:
SH1 (Source Handshake)
AH1 {Acceptor Handshake}
T1 (Talker}
L1 {Listener}
SR1 {Service Request)
RL1 [Remote Local)
PP1 [Paralled Poll)
DC1 (Device Clear)
DT1 {Device Trigger)

3-89 Muitiline Message Contral Functions. The
Acceptor Handshake, Source Handshake, Listener, and
Talker functions are ordinarily implemented by the interface
circuits of the 6034A and the controller, and require no action
by the user. The LSN or TLK indicators turn on when the
6034A is addressed to be a listener or tatker. {The talker func-
tion includes serial poll, see Paragraph 3-89.)

3-86 Service Request. Service Request is a uniline
message asserted by the 6034A at power on, and for certain
other events as selected by the user. These are: Invalid Re-
quest, Overtemperature, Limit Mode, Overvoltage, and
Unregulated. The 6034A powers on with service request (in-
terrupt) capability for these five events masked, i.e., none of
them can cause the 6034A to request service. This does not
affect the condition(s} within the 6034A, nor does it affect the
power supply status indicators; the mask simply prevents the
6034A from requesting service for the masked condition. Also,
even if an interrupt is masked the 6034A will respond to a serial
poll with the present state of the unit {see Paragraph 3-89).
Paragraphs 3-103 and 3-110 provide instructions for unmask-
ing service request (interrupt) capability.

3-87 The SRQ indicator turns on whenever the 6034A is
reqesting service from the controller, and remains on until the
controller conducts a serial poll {will remain on after poll if fault
remains).

388 Service requests for unregulated operation and lirnit
mode can be delayed if desired for up to 65 seconds after a
new output value is programmed or unit is reset. The delay
can prevent service requests for temporary conditions, For ex-
ample, if the output voltage is programmed to rise from 5 V to
60 V, the output may be unregulated while the output voltage
is rising. Ordinarily, this would not be cause for concern, and
service request for this temporary condition would be an
annoyance. Factors that influence how long the unregulated
or limit mode condition will last include: difference between
old output value and new output value, limit value, and output
{load) capactiance (for CV mode} or output inductance (for CC
mode). The length of delay required must be determined em-
pirically; the programming-response-time graphs in the specif-
caticns table, Section |, can be used as guidelines. The 6034A
powers on with & delay value of 500 ms. Paragraphs 3-103 and
3-108 provide instructions for programming delay time.

S



Table 3-2. Status-Byte Bit Descriptions

Can SRO SRa
D10 | Decimal Request | Can Be Can Be
Line # | Weight | Descriptien Bit Reset By Service? | Masked? | Deiayed? | Front-Panel Indicator

1 1 OVERTEMPERATURE-Set when an over- Either: Yes Yes® No OTP indicates present
temperature condition causes shutdown 1. OT fault ceases and SRQ was not state of OT circut, not
of output. set (far any fault), or 07 bit.

2. Serial poll, if OT fault ceased after
SRO {for any fault).

? i UNREGULATED-Set when output is Either: Yes Yes Yes UNREGULATED indicates
unregulated either because Joad ties 1. Unregulated fault ceases and SRQ present state of power
to draw excess power or because of was not set (for any fault, or supply output, not
low input power. 2. Serial pall, if unregulated fault UNREGULATED bit.

ceased after SRQ {for any fault).

3 4 OVERVOLTAGE-Set when OVP circuit Either: Yes Yes® No OVP indicates present
trips. 1. Reset of QVP civcuit if SRO was to state of OVP circuit,

set {for any fault), or not OVP hit.
2. Serial poll, if OVP circuit ig_reset
after SRQ for any fauly.

4 B LIMIT MODE-Set when either: Either; Yes Yes Yes MODE indicators

1. Unit is programmed as a voitage 1. Limit modg operation ceases and indicate present state of
source (M1) but switches to SRO was not set {for any fault), or power supply, not LIMIT
constant current operation, or 2. Serial poll, if limit mode operation hit.

Z. Unit is programmed as a current ceases after SRQ [for any fauld.
source {M2) but switches to
constant voltage operation.

] 16 | DISABLE-Set when unit is disabled Power supply reenabled upon receipt No - - DISABLED indicates the
upon receipt of either an “S” or of an "R". state of the DISABLED
Device Clear command. hit.

G 32 | INVALID REQUEST-Set upon receipt Serial poll Yes Yes No INVALID REQUEST
of an invalid request (syntax error or indicates the state of
out of limits). the INVALID REGUEST

it

7 64 REQUEST SERVICE-set when 6034A Serial poll if fauh has - - - SRQ indicates the state
requests senvice, indicates if unit been corrected). of the REQUEST
was requesting service when pofled. SERVICE bit.

8 128 | POWER DN-set when unit initializes Serial poll. Yes No Ne -
at power on.

Notes:

1 Masking Overtemperature or OV dees not prevent shutdown of output in case of overtemperature or OVP condition.
2 Serial polt does not reset OVP circuit, just the OVP bit.
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3-89 Serial Poll. In a serial poll, the controller polis each
device on the bus, one at a time. The 6034A responds with an
eight-bit status byte on the data lines. Tabie 3-2 defines each
of the bits, indicating what causes each to be set and reset,
and the state 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 6034A in an auto-parailel,
auto-series, 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 poll occurred.

3-90 If 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 accumulate in the status byte
untit a serial poll, regardless of whether they were masked or
not and regardless of whether that fault still exists. For exam-
pte, assume the following sequence:

1. Limit mode is masked (unable to cause a service re-
quest).

2. Invalid request is unmasked (able to cause a service re-
quest).

3. 6034A receives an invalid request (syntax error or out of
limit). SRQ will be set.

4. 6034A switches to limit mode and then switches back to
normal mode.

5. Controller conducts a serial poll. The 6034A status 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.

3N If the 6034A is not requesting service when a serial
polt occurs, the status byte indicates the present state of the
© unit.

3-892 Power on {PON) always requests service. Therefore,
if a momentary power dropout causes the 6034A memory to
lose its programmed values, PON alerts the user that the
6034A has been initialized (see Paragraph 3-105). The 6034A
also requests service when it loses ac power.

3-93 If the unit fails self test at power on, it will not re-
spend to a serial poll {even though unit will bave set SRQ).
The user should inctude a time-out in his program after which
the controller will not wait for the B034A to respond to a serial
poll. If the time-out occurs, the 6034A can be assumed to be
malfunctioning and should be removed for service.

3-94 Parallel Poll. Parallel polt allows the controller to
determine quickly which of a number of instruments on the
bus requested service. The parallel poll response corresponds
to hit 7 of a serial poll status byte {see Table 3-2}. Parallel poll
does not reset service request in the 6034A. The 6034A can
be configured remotely from the controller, or it can be con-
figured locally.

3-95 Unless configured remotely, the B034A responds to a
parallel poll with a 1" on one of the DIO lines {if requesting
service), as determined by the setting of its address switches.
Addresses 7 through 0 correspond to DIO lines 1 through 8
{decimal weight 2 through 27}. if the 6034A address switches
are set to 8 or higher, the 8034A will not respond to a parallel
poll unless the unit is configured remotely. The 6034A cannot
return a “0’' to indicate it was requesting service unless it has
been configured remotely.
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3-96 The 6034A can be configured remotely to re-
spond to a parallei poll with either a "1” ora ”0” on one of the
DIO lines if the unit is requesting service. Configuration
statements with a decimal value of 0 through 7 will configure
the unit to respond with a 0" on one of DIO tines 1 through 8;
decimal values of 8 through 15 configure the unit to respond
with a "'1” on one of DIO lines 1 through 8. By configuring the
B034A remotely, the 6034A address switches may be set to
any address from 0 through 30 without affecting the parallal
poll response. The capability to configure either a '0’" or 17
response allows the user to AND or OR two or more in-
struments on one DIQ line.

3-97 Remote Local. The remote local function allows the
6034A to operate in either local (front panel) or remote (via
HP-IB) control. The user can send Local Lockout to the 6034A
via HP-IB to disable the front-panel LCL switch only. With
Local Lockout, the controifer determines if the unit operates in
local or remote control; this enables the controller to prevent
anyone frorm returning the 6034A to local control.

3-98 Device Clear. Device Clear is implemented in the
6034A 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 corvmand, and the 60344 will implement
Device Clear regardless of whether the unit is in local or
remote control. Device Clear is typically used in systems to
send all devices in the systemn to a known state with a single
command {which could be generated by a "panic’ buttan).

393 Device Trigger. Device Trigger is implemented in
the 6034A as Go (see Paragraph 3-128). Each device that is to
respond to Device Trigger must be addressed, and the 6034A
will not implement Device Trigger in local control. Device Trig-
ger is typically used in systems to synchronize the operation of
a number of addressed devices.

3-100 HP-1B Address Selection

3-101 The HP-IB address switches are located on the rear
panel. Figure 3-12 shows the factory-set address of 5" {binary
00101). Any address from 00 through 30 {decimal) is a valid
HP-1B address. The 6034A will operate on whatever address is
set on the address switches.

HP-IB ADDRESS

Lk

A5 . : . Al

Figure 3-12. HP-IB Address Switches




3-102 Note that some instruments {not the 6034A) will in-
itialize at a particular address although they can be programm-
ed subsequently to respond to a different address. it the
system includes instruments with this characteristic and they
are programmed for addresses other than their initialized ad-
dress, a momentary input power dropout may cause them to
re-initialize their address. If another instrument, such as a
60344, is hardware set to that address, the system will not
function properly. Therefore, the system program should be
written to monitor any re-initialization 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
6034A power supply. Paragraphs 3-106 through 3-131 describe
each of the commands in the programming string. The letters
used to program each 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

be sent before voltage). However, only commands receiv-
ed by the 6034A before a G, R, or Device Trigger (OT)
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 impiemented by,
the BO34A until receipt of another G. R, or DT.

3. It is not necessary to send an entire string. f only the
output voltage is to be changed, that is the only value
that need be sent to the B034A.

4. Each command must be completed befare another is
entered. For example, if you enter P you must enteraV
to complete that command before entering any other
command. Otherwise, the 6034A will consider the in-
completed command an invalid request. Subsequent
complete commands will be accepted.

§. Numbers will be rounded off by the 6034A to the best
resolution of the 6034A 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 (a function of soft voltage limit) are stored in, but
not implemented by, the 6034A uniil raceipt of a G or
DT command. Note that any subsequent value received
by the 6034A prior to receipt ofa G or DT command will
supersede the stored value. Values will remain stored
even if the 6034A is switched ta local and then hack to
remote control.

3-105 Initial Conditions. The 6034A initializes at power
on with the following values programmed:

output voltage = 0 volts
output current = 1 ampere (local}
0 ampere {remote)
mode = M1 (voltage source)
delay = 500 milliseconds
interrupt mask = N8 {all masked except power on)
soft voltage limit = 60 volts (OVP trip level =64.5 V)
soft current limit = 10 amperes

I

3-106 Mode. Mode designates the B034A as either a
voltage source (M1) or a current source {M2). If not masked,
the 6034A will request service if:

1. The unit switches 1o 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 to complete the
command. Mode will be stored in, by not implemented by, the
6034A until receipt of a G or DT command. The 6034A
initializes as a voltage source (M1).

3-108 Delay. Delay operates to prevent service requests
for either limit mode or unregulated operation for a specific
period after a new ocutput value is programmed, This serves to
eliminate nuisance service requests for temporary conditions
that may exist while the 6034A output is changing to a new

MODE  DELAY VOLTAGE

POTENTIAL)

INTERRUPT
MASK

RANGE OF "X" FOR:

DELAY= QO TO 655
00000 TO 65535M

INTERRUPT MASK = 0 TO B
VOLTAGE = 00.000 TO 60.000V
CURRENT = 00.000 TC 10.000A

Mb DXXXXX§ NX PXXXXXV CXXXXXA UXXXXXV UXXXXXA e
N T T R N
CURRENT

SOFT VOLTAGE LIMIT = 00.000 TO 60.000V
SOFT CURRENT LIMIT = 00.000 TO I0.000A

SOFT SOFT
VOLTAGE CURRENT

L TrIGGER
G0
LIMIT LIMIT SET/RESET

G 'MPLEMENTS!:

MODE

START OF DELAY TIME

POTENTIAL

CURRENT

OVP TRIP VOLTAGE OF SOFT
VOLTAGE LWMT

Figure 3-13. Programm.ng 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). If either limit mode or unregulated
operation continues beyond the delay time, or if either occurs
any time after the delay time has elapsed, a service request will
occur immediately (if unmasked}

3-109 Delay may be set from 0 to 65 seconds (S}, or 0 to
65535 milliseconds (M). Either § or M must be sent after D to
complete the command. The 80344 initializes with a 500
millisecond delay.

3110 INterrupt Mask. The 6034A powers on with no ser-
vice request capability except for power on. Overtemperature,
invalid request, limit mode, overvoltage, and unregulated con-
ditions can be unmasked to 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 0 through 7. As can be seen, NO un-
masks the full service request capability. Any digit from 0
through 8 must be sent after N to complete the command.
The 6034A initializes with an interrupt mask value of 8 (all
rmasked except power on).

Table 3-3. Interrupt Masks

Fault A
Unregulated | Overvoitage | Limit Mode

N

0 0 0 0
1 0 0 1
2 0 1 o
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

0 = Unmasked (able to request service)
1= Masked {unable to request service)

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

N8 masks all interrupts (service requests) except power
on.

31 Potential (Voltage}. Potential programs the output
voltage of the 6034A, from 0 to 60.000 volts. Any number of
digits may be sent, but the 6034A will use only five. A decimal
peint must be sent if needed, but may be left out if not needed
(e.g., P10V and P10.0V are both valid requests and will pro-
duce the same result),

3-112 Potential will be stored in, but not implemented by,
the B034A until receipt of a G or DT command. Therefore, itis
possible to send two values to the 6034A in one string, such as
P18V G P5V. The 6034A output will go to 18 volts immediate-
ly upon receipt of the G and will go to 5 volis only upon subse-
guent receipt of a G or DT command. Note that any subse-
quent potential value received by the 6034A prior to receipt of
a G or DT command will supersede the 5 V value.

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

3-114 AV must be sent after P to complete the command.
The 6034A initializes at 0 volts output,

3-115 Current. Current programs the output current of the
6034A, from 0 to 10.000 amperes. Factors described in the
preceding paragraphs for potential apply also to current.

3-116 An A must be sent after C to complete the com-
mand. The 6034A initializes at 0 amperes output for remote
control, 1 ampere output for local control.

3-117 Soft Voltage Limit {Upper Value). Soft voltage limit
sets the maximum output voltage to which the output can be
programmed (efther in remate or local control), and it also
determines the remotely programmed OVP trip level (2 V +
1.04 x soft limit voltage). Soft limit protects the load in situa-
tions in which a damaging output voltage is inadvertently pro-
grammed. For example, assume that the output voltage to be
programmed is determined by a series of measurements and
computations. An unexpected measurement and/or combina-
tion of inputs to the computation could result in an unaccept-
ably high output voltage. However, if the programimed voltage
exceeds the soft voltage limit, the 6034A will consider the new
value an invalid request and the 6034A output will remain at
the previous value.

3-118 The soft voltage limit value is compared to all incom-
ing values for output voltage. If the incoming value passes the
comparison, it is stored in the 6034A. Therefore, if a voltage
value is sent to the 6034A but not implemented by a G or DT
command, that veoltage will not be affected by any subse-
quentiy received soft limit vaiue. Note, however, that if the
stored voltage value exceeds the new OVP trip voltage, the
OVP circuit will trip whenever the 6034A receives a G or DT
command. It is good practice to program soft limit values
first, before programming the output.

3-119 A consequence of not setting limits first that may
not be obvious to the user arises from the fact that the 6034A
can store a new output value that is different from the present
output. If the 6034A receives a soft voltage limit that is lower
than the present sutput voltage, the output will remain un-
changed. However, if the unit is switched to local control and
QUTPUT ADJUST is set to VOLTAGE, the output will drop to
the new soft voltage limit, If the 6034A then receives a G or DT
command, the output will return to its last remotely program-
med value. Note that the new OVP trip voltage 2V + 1.04 x
soft voltage limit} is implemented immediately upon receipt of
a G or DT command or when the unit is switched to local con-
trol. If this OVP trip voltage is lower than the output voltage,
OVP will trip. As an example, assume the following sequence:

1. Output voltage is 20 V.

2. User programs a soft voltage limit of 18 V, but does not
send a G or DT command. Qutput remains at 20 V.,
User presses LCL switch (OUTPUT ADJUST in
VOLTAGE). 6034A output will go to 18 V, because
locally programmed value is continually compared to
soft voltage limit.

B034A receives a G or DT command. Qutput will return
to 20 V, because 20 V value was compared and stored
before 18 V soft voltage limit was received.

3.




User programs a soft voltage limit of 15V, but dees not
send a G or DT command. Output remains at 20 V.
User presses LCL switch. OVP circuit will trip and out-
put drop to 0 volts, because output exceeds 17.6 V OVP
trip voltage.

6034A receives an R (reset) command. Output goes 10
15 V, the soft voltage limit.

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

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

3120 Being careful to set limits first before programming
the output will eliminate the possibility of the preceding
situation.

3-121 A V must be sent after U to complete the command.
The 6034A initializes at 60.000 V soft voitage limit {(64.5 V OVP
trip voltage). Remember that the OVP circuit will trip at the
lower trip voltage, either locally or remotely set, regardless of
whether the 6034A is in local or remote control.

3-122 Soft Current Limit {Upper Valuel. Soft current limit
sets the maximum output current to which the output can be
programmed (either in remote or local control}. Factors
described in the preceding paragraphs for soft voltage limit
apply also to soft current limit, except that soft current limit
does not include overcurrent protection. Also, if the 6034A is
switched to local control, the output is affected by soft current
limit when OUTPUT ADJUST is set to CURRENT,

3123 An A must be sent after U to complete the com-
mand. The 6034A initializes at 10.000A soft current limit.

3-124 Set Reset. Set disables the output of the 6034A and
programs it to 0 volts. The DISABLED indicator turns on, but
the 6034A remains able to receive and store commands. Reset
reenables the B034A output, and resets the OVP circuit if it
tripped. Reset also starts the delay time and implements com-
mands that may have been received while the 6034A was
disabled. For example, assume the following sequence:
1. 6034A output is 40 volts.
2. 6034A receives an S command and output drops to ap-
proximately 0 volts.
3. B034A receives a command of P25VG.
4. BO34A receives an R command. Output goes to 26 volts,
not the 40 volt output that existed when the unit was
disabled.

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

3-126 It may be necessary for the user to program a wait
between a new program value and reset after the OVP circuit
trips. Because analog circuit delays are greater than digital
delays, the output may try to go to the old value before the
new value is implemented, possibly re-tripping OVP. Factors
that influence whether the output will exceed the OVP trip
voltage before the new output value is implemented include:
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difference between old output value and new output value,
difference between OVP trip voltage and new output value,
and output {load) capacitance. The length of the wait between
sending the new value and sending reset must be determined
empirically; the programming-response-time graphs in the
specifications table, Section 1, can be used as guidelines.

3127 The user's program shouid also be designed to serial
poll the 6034A for status before resetting 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 OVP caused the unregulated condition. However, if the
6034A is reset before SRQ is cleared by a serial poll, the output
will be unregulated while the output is rising. Because OVP 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 occurs
while the output is rising will cause a service request only if the
condition continues longer than the delay time.

3-128 Go. Go causes the 6034A 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
or limit mode will not cause a service request.

3-129 Trigger. Trigger causes the 6034A to read the pre-
sent value of whichever parameter, voltage or current, is not
being regulated, and put that lpad-dependent value on the DIO
lines. Figure 3-14 describes each of the entires in the readback
format. Note that the EQI fine on the HP-IB is asserted true
{low} by the 6034A concurrent with line feed.

N v

L XXX CR LF*
A

F

N - The supply was operating normally when measure-
ment was taken.

L - The supply was in limit mode when measurement
was taken.

F - The supply was in a fault mode {overvoltage or
unregulated} or disabled when measurement was
taken, or no measurement was ever taken.

V - Numbers [XX.XXX) represent output volts.

A - Numbers {XX.XXX) represent output amperes.

CR - Carriage Return
LF - Line Feed

* _ EOI is asserted true concurrent 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 if the output has changed.

NOTES

ft may be necessary to program a delay between
an oultput current change and readback of output
current to allow the current-readback metering
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circuit to settle. The actual settiing time required
for a particular output current change must be
determined empirically. Maximum setthing time
for maximum accuracy is 200 ms for a 104
change.

The time required for the 6034A to measure the
load-dependent parameter is a function of the dif-
ference between the programmed value and the
actual output 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 IV
PRINCIPLES OF OPERATION

4-1 INTRODUCTION

4-2 This section contains block diagrams, simplified
schematics, and related descriptions of the 6034A circuits.
The 6034A 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-panel
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.

43 The circuit names and layouts of the block diagrams
and simplified schematic are the same as used on the com-
plete schematics in Section Vil; however, some items, such as
the HP-IB and microcomputer bias power supplies, are left off
the block diagrams and simplified schematic for clarity. Sig-
nal names that appear on the drawings are printed in capitals
in the descriptions, as are front-panel labels for indicators and
controls. Signal names that describe an operating mode or
condition are active when that condition exists. For example,
OT is high and OT is low if an overtermperature condition
exists. In general, signal flow is from left to right and top to
bottorn, unless arrows indicate otherwise. Signals that lead
off the edge of one block diagram pick up in the same relative
position on the next block diagram. Some components, such
as optical couplers and transformers, are shown in two areas.
In these cases, the part of the component or circuit that is
shown by dashed lines is shown solidly elsewhere.

4-4 HP-IB CIRCUITS

4-5 Figure 4-1 is a block diagram of the HP-1B circuits.
These circuits provide the interface between the HP-IB and
the rest of the 6034A. Bus-status output signats that are wide-
ly distributed on the drawing are identified by mnemonics or
signal names in lieu of individual connections to each block.
For example, any input labeled LISTEN is high whenever the
unit has been addressed as a listener. A pulse symbol {77}
indicates that the signal is ordinarily a pulse rather than a level.

4-6 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

48 information on the HP-IB enters the 6034A through
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the transceivers on 16 bidirectional signal lines. The
transceivers are three-state devices which either define the
direction of data flow or put the lines into a high impedance
state so as not to load the bus. The transceivers connect
directly to the block labeled Bus Functions, which consists
basically of the Hewlett-Packard CHI device (Chip for HP-IB
Interface) plus some buffers and inverters. This chip im-
plements nine of the ten HP-1B functions. CHi does not imple-
ment the controller function. Between the transceivers and
the bus functions there are five bus management lings. These
lines are used to manage an orderly flow of information across
the interface. They do not control device functions, such as
programming a voltage.

4-9 There are also three handshake lines, which function
to synchronize the flow of data between this device and other
devices on the HP-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-IB or the IEEE Std 488. In the 6034A,
CHI handshakes with the HP-IB.

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

4-1 In listen mode, RECEIVE READY is sent to CHI to in-
dicate that the 6034A is ready to receive data. RECEIVE
HANDSHAKE is sent from CHI! to indicate that data on the
HP-IB is valid and can be read in.

4-12 In talk mode, TRANSMIT READY is sentto CHi toin-
dicate that the 6034A is ready to send a byte of data.
TRANSMIT HANDSHAKE is sent negative true from CHI
while data is being read on the HP-IB, indicating that data
must be maintained on the DIO lines. TRANSMIT READY 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. }t carries device-
dependent messages, such as the voltage being programmed,
and commands, such as Talk. In order to differentiate
between 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.

4-14 The state of the 8034A on the HP-IB is given by the
bus status lines. Because the microcomputer does not normal-
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-
gram. Any subsequent change in status, such as a reply to the
6034A’'s response to the initial 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 outputs are
used in many of the HP-IB circuits, and are shown by
mnemonics in lieu of individual connections.} Any time there
is a ¢change in the bus status, the change is stored by one of
the monitor circuits, each of which connects to the HP-IB In-
terrupt Monitor and Pulse Generator circuit. In this way the
microcomputer becomes aware that something has changed
on the HP-IB.

4-16 Serial Poll/Receive
Handshake Monitor
417 SERIAL POLL TRANSMIT ENABLE (SPTE) indicates

that the 6034A is being serial polled and is enabled to put its
status on the DIO lines. SPTE interrupts the microcomputer,
which performs various tasks required to provide the 6034A
status to the DIO lines. When the data is ready for the HP-1B,
the microcomputer proeduces a TRANSMIT READY pulse,
which causes the Serial Poll/Receive Handshake Monitor cir-
cuit 1o produce DAV ENABLE. DAV is part of the HP-IB hand-
shake sequence, and is ordinarily driven true by CHI only after
the microcomputer has generated a TRANSMIT READY
signal. However, CHI drives DAV true immediately upon
receipt of a serial poll, In order to provide time for the
microcomputer to put the serial poll response on the DIO lines,
the DAV output from CHl is not connected to the transceivers
until the microcomputer generates TRANSMIT READY.

4-18 This circuit also monitors RECEIVE HANDSHAKE,
which is used with RECEIVE READY to c¢oordinate com-
munication between CHI and the microcomputer when the
6034A is in listen mode {Talk). CHI drives RECEIVE HAND-
SHAKE low to indicate that data on the HP-1B is valid and can
be read.

4-19 Listen/T.E.1/Talk Monitor

4-20 Listen and Talk indicate whether the 6034A is ad-
dressed to listen or talk. TRANSMIT ENABLE 1 {T.E.1) in-
dicates that the 6034A is enabled to put data onto the HP-1B.
The outputs of this circuit indicate if there has been any
change in the status of Listen, Talk, or T.E.1.

4-21 Device Trigger Monitor

4-22 A flip-flop in this circuit captures the pulse which CHI
produces upon receipt of a DEVICE TRIGGER command from
the controller. DEVICE TRIGGER implements the values that
have been programmed into the 6034A. Another flip-flop in
this circuit remembers the state of DT when data is loaded,
because the monitor circuit will be cleared shortly after data is
inaded. If a DEVICE TRIGGER pulse were to be received after
data is loaded but before the circuit is cleared, that pulse
would be lost. The second flip-flip will not let the first flip-flop
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be reset 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 receipt of a DEVICE CLEAR command from the con-
troller. DEVICE CLEAR disables the power supply output. The
DC puise is protected in the same way as described previcusly
for the DT circuit.

4-25 Transmit Handshake Monitor

4-26 This circuit monitors TRANSMIT HANDSHAKE,
which is used with TRANSMIT READY to coordinate com-
munijcation between CHI and the microcomputer when the
6034A is in talk mode. CHI holds TRANSMIT HANDSHAKE
low for as long as data is required on the HP-IB. Once CHI

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

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

status monitor circuits and generates a pulse whenever there
is an HP-B status change. This pulse is processed through the
Load/Shift Control circuit to produce the HP-IB INTERRUPT
signal that passes through isolation to the microcomputer.

4-29 This circuit also decodes the T2 and T3 pulses from
the microcomputer to produce the CLEAR INTERRUPT pulse.
CLEAR INTERRUPT does not start until both 72 and T3
oceur, and does not end until both T2 and T3 end, thus ensur-
ing a minimum pulse width for CLEAR INTERRUPT in case T2
and T3 do not occur at the same instant.

4-30 Load/Shift Control

4-3 The HP-IB INTERRUPT pulse sets a flip-flop in this
circuit to produce the HP-IB INTERRUPT signal to the
microcomputer, and it also sets the LOAD/SHIFT output to
LOAD. The LOAD/SHIFT signal sets the Data Shifters either
to parallel load in eight bits of data or serially shift data in or
out upon receipt of clock pulses. The rising edge of the LOAD
output from this circuit resets the DT and DC circuits if either
was the cause of the HP-IB Interrupt, {LOAD is prevented from
resetting the circuits if they have received a DT or DC pulse
after the HP-IB INTERRUPT pulse was generated.)

4-32 The rising edge of the CLEAR INTERRUFPT pulse
resets the HP-1B INTERRUPT signal, preparing it for another
HP-1B interrupt. However, a one-shot timer prevents the
LOAD/SHIFT output from being reset back to 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
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Figure 4-1. HP-1B Circuits Block Diagram
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indicate to the CHI that the microcomputer is ready io receive
a byte of data. RECEIVE READY can be generated in one of
three ways. In the first case, when the 6034A becomes a
listener {ALISTEN and LISTEN} and is not an active talker
{T.E.1), the circuit will preset RECEIVE READY without the
microcomputer’s intervention. Secondly, once the microcom-
puter begins to read in data bytes, SHIFT enables T3 to toggle
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 6034A is addressed to be both a listener and a
talker. {This condition is allowed by |EEE STD 488). The
microcomputer does not handshake, because the 6034A is not
designed to talk to itself. However, to avoid hanging up the

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

4-35 Transmit Ready Control

4-36 When the microcomputer is ready to transmit data on
the HP-IB it sends a TRANSMIT READY pulse through isola-
tion to set a flip-flop in this circuit. Once CHI begins data
transmission it drives TRANSMIT HANDSHAKE low to in-
dicate that data is being provided to the HP-1B and should not
be changed. in this citcuit, TRANSMIT HANDSHAKE resets
the TRANSMIT READY flip-flop. The flip-flop will also be
reset if the 6034A changes state from being an active tatker.
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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 {TALRARECEIVE HAND-
SHAKE)}, the Data byte Multiplexer is enabled. DIO bits 1
through 7 from the HP-IB 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 also 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-IB 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.

4-40 Data Shifter/Qutput Buffer

441 This circuit has an eight-bit parallel input and an
eight-bit parallel output. it also has a serial input and serial out-
put. LOAD/SHIFT determines whether data is parallel loaded
in or serially shifted in and out. The loading or shifting occurs
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 into the data shifter by a T2 pulse
when LOAD/SHIFT is in LOAD state. After LOAD/SHIFT
changes to SHIFT state, T2 pulses shift data out of the data
shifter to CRUIN. In Figure 4-2B, data indicating the HP-IB
status is parallel 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 loaded into the data shifter from the
microprocessor, The data outputs are enabled when the
6034A is enabled to talk or is serial polled.

4-43 Output bits 7 and 8 from the data shifter are con-
nected to the DIQ bus through 3-state buffers. When the
6034A is addressed as a talker, DIO 7 is driven by the data
shifter/output buffer. However, when the 6034A is serial poli-
ed the DIO 7 data shifter output is disabled and DIO 7 is driven
directly by CHI to indicate whether the 6034A was requesting
service when it was polled. {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 6034A is addressed as a talker and is
sending data, the DIO 8 output is held high. However, the bit 8
output from the data shifter drives EOl on the HP-IB; EOIl in-
dicates last byte,

4-44 Isolation Components

4-45 The HP-IB circuits are isolated from the rest of the
6034A. This allows a system to be configured without a com-
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man ground reference. tsolation also reduces the possibitity of
forming ground loops in complex systems. Potential differences
between different grounds can lead to noise problems that are
difficuit 1o locate and solve. In the 6034 A 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 voltage, output current, and overvoltage 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 lieu 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 prime symbol
{e.g., A9}, Note that the A13 output is also used for
CRUOQUT, and is identified as A13 {or A13'} wherever it is used
for addressing, and CRUQUT (or CRUQUT’) wherever it sup-
plies the CRUQUT signal from the microprocessor,

4-48 Memory Circuits

4-49 The ROM circuit consists of either one 64K masked
ROM or four 16K EPROMSs. Factory-set jumpers in the
Memory Address Decoding circuits ensure the microprocessor
accesses the proper address in ROM, The block diagram is
based on 64K ROM, so ROM2, ROM3, and ROM4 are not
used. Appendix C shows connections used for 16K EPROMs.

450 The RAM circuit consists of either two 256-bit RAMs
or two 1K RAMs. Factory-set jumpers decode the RAM1,
WRITE ENABLE, and address inputs for the device in use.

4-51 Microprocessor Interrupts

4.52 While the power supply is operating normally, with
no faults and no commands to implement, the microprocessor
program operates in an idle loop. When the microprocessor is
required to perform a task an interrupt must be generated, As
will be explained, this will accur at least every millisecond. The
6034 A organizes interrupts into five priority levels, with a high
priority interrupt able to interrupt any lower level,

4-53 The highest priority interrupt is PON (Power ON).
Although not shown on the block diagram, the bias power
supplies for the HP-IB circuits and the microcomputer circuits
each produce a PON signal {PONt and PON2) whenever the
unregulated dc input to the bias supplies is insufficient to en-
sure proper output from the bias supplies to operate the digftal
circuits. Normally this accurs 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 to a serial poit that PON has occurred.
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Front-Panel Assembly Block Diagram
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4.-64 The second highest priority interrupt is not shown on
the block diagram, and is used only for manufacturing test at
the factory.

4-55  The POWER MESH STATUS lines {M1, CC, M2, CV,
OT, OV) drive the third level interrupt. Once the
microprocessor has noted a power mesh interrupt, the
microprocessor monitors the power mesh continuously via
CRUIN. The microprocessor then disables the POWER MESH
INTERRUPT ENABLE so that low priority interrupts can
operate. Note that the POWER MESH STATUS signals only
interrupt the microprocessor via this circuit, they do not tell
the microprocessor the power mesh status. The POWER
MESH STATUS signals are sent to the I/Q inputs circuit on
the front panel, where they are loaded into the microprocessor
via CRUIN once the microprocessor responds to the interrupt.

4-56 HP-1B INTERRUPT 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
determine the exact cause of an HP-1B INTERRUPT,

457 The lowest priority microprocessor interrupt is the 1
MILLISECOND TIMER signal, which comes from the
microcomputer bias power supply circuit. This signal is used
by the microprocessor to time the service-request delay after
new output values have been programmed. The interrupt also
causes the microprocessor to load CRUIN so it can check the
Rotary Pulse Generator Decoders to determine if the front-
pane! OUTPUT ADJUST control has been turned and check if
the OUTPUT ADJUST pushbutton is pressed.

4-58 Microprocessor interrupts are encoded onto three
lines, ICO, 1C1, and IC2, which connect to the mICroprocessor.
This three-line code represents the highest level interrupt
recognized by the microprocessor interrupts circuit.

4-59 CRU Clock Generator

4-60 Clock pulses are required 1o 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 the
microprocessor has advanced to the next address, a clock
pulse is generated. Other inputs to this circuit determine
whether the pulse is connected to T2, T3, or bath.

4-61 i/O Address Decoding

4-62 This circuit decodes which address the
microprocessor is addressing and enables various gates in the
microcomputer circuits and on the front-panel assembly to
determine where data will be sent to or received from. For ex-
ample, 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 /0O latches are enabled.

4.8

4-63 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 connected
to front-panel reference circuits, whose outputs are compared
to the actual power supply output.

4-65 FRONT-PANEL ASSEMBLY

4-66 Figure 44 is a block diagram of the front-paneil
assembly, which contains the microprocessor 1/Q circuits,
output current, voltage and OVP reference circuits, the rotary-
pulse generator, and the front-panel display circuits.

4-67 1/0 Inputs

4-68 This circuit multiplexes 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 loaded at least once
every millisecand because of the interrupt generated by the
1ms timer, s0 even very rapid operation of the QUTPUT
ADJUST controls will be observed.

4-69 1/0 Ouptuts

4-70 The microprocessor CRUOUT is connected to ad-
dressable latches in this circuit. Sixteen of these latches drive
the LEDs on the front panel. Other outputs tell the
Microprocessor Interrupts circuit which operating mode is
selected so that circuit can compare the actual operating
mode (CV or CC) to the selected mode (M1 or M2), The
microprocessor also uses CRUQUT to reset the Rotary Pulse
Generator Decoders and OVP, enable or disable power mesh
interrupts, and request service.

4-71 Constant Current Reference Circuit

4-72 The CC reference circuit receives the CC DAC output
signal and produces from it the O-volt to 5-volt CC program-
ming voltage that is supplied to the CC control circuit on the
control board.

4-73 Figure 4-5 is a simplified schematic of the Cvand CC
reference circuits, showing the relationship of compeonents on
the HP-1B/microcomputer assembly and the front-panel
assembly. Reference designators in parenthesis are for CCcir-
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 feedback resistors
for the reference amplifier are in the DAC package, so 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 representing actual power supply output current
lor 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
I-MONITOR AMPLIFIER OQUTPUT, a voltage that is propor-
tional to actual power 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
controfler the actual cutput 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 slightiy lower than the I-MONITOR AMPLIFIER OUTPUT
voltage, and the readback comparator changes state. The
comparator’s output goes low to indicate that the CC DAC
output is proportional to the power supply output current. The

4-9

Simplified Schematic, CV (CC) Reference Circuit

microprocessor then knows that the most recently programm-
ed output current equals the actual output current from the
power supply. The microprocessor 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 QUTPUT produces the CV PROGRAM-
MING VOLTAGE, and the CV DAC QUPTUT 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 voltmeter is designed to blank the display if it
goes overrange. This circuit 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




tow range. The QVP DISPLAY pushbutton on the front panel
causes the range circuit 1o 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

482 When rotated, the rotary pulse generator (RPG) pro-
duces two pulse trains that are 90° phase shifted from each
other. This circuit contains two flip-flops that monitor 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 low to indicate CCW retation.
After the microprocessor notes, via 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 determine 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 attenuated sense voltage
or the QVP trip voltage from the voltmeter range circuit and
displays the value on a 3% digit readout. The voltmeter range
circuit lights the appropriate decimal point for either range.
The current meter measures the output of the current-monitor
amplifier on the controt board. The current meter has a fixed
decimal point.

4-86 POWER MESH AND CONTROL
BOARD

4-87 The basic operating concepts of the power mesh are
shown on the simplified schernatic, Figure 4-7, and described
in the following paragraphs. The beginning paragraphs
describe the basic difference between an autoranging power
supply and a conventional CV/CC power supply in terms of
the available output, and provide an overview of the basic
theory of operation. Later paragraphs describe the functions
of each of the hlocks on the simpliified schematic. The heavy
lines represent the input rails and output rails.

4-88 The hasic difference between an autoranging power
supply and conventional types of Constant Voltage/Constant
Current {CV/CC) power supplies can be seen by comparing
the output charactesisitics 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
4-6A. The range of a power supply can be extended by design-
ing an instrument with twc or more switch-selectabie
voltage/current ranges within the maximum power output
capability, as shown in Figure 4-6B. 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 operator having to select the pro-
per output range.

4-89 The 6034A is a flyback-type switching powaer supply,
so-called from the flyback technigue of generating high
voltage in televisioh receivers. In the 6034A, 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.
Regulation is accomplished by controlling the on time 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-
minec as follows.

4-90 The output voltage and current are compared to
reference voltages set by the DACs and reference circuit to pro-
duce a control voltage. The control voltage indicates the
amount of power required by the output circuit. Current flow
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 voltage.

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

MAX Poy
200W 2ov

A TYPICAL CV/CC
SUPPLY
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L
104 0 334 104

C. MODEL 6034A
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Figure 4-6. Output Characteristics; Typical, Dual-Range, and Auto-Ranging Supplies
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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 turned off, the input filter
capacitors discharge slowly and the thermistors cool off.
Therefore, if the instrument is turned on again within 30 to 60
seconds of being turned off, inrush current is limited by the
combined effects of the remaining charge and thermistor
resistance.

4.93 DC te DC Converter

484 Current flow from the input rails through power
transformer T1 is controlled by FET switches Q1 and Q2. On
and off signals for the FETs are derived from the Pulse Width
Modulator, as will be described shortly. The on pulses are ap-
plied through diodes CR12 and CR11 to the gates of Q1 and
Q2. Although the on pulse is only about 1.5 sec duration, the
FETs’ input capacitance hold the FETs on after the on pulse
has disappeared.

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

maonitor transformer T2, The output rectifier CR13 is reverse
biased and blocks current flow in the T1 secondary. Conse-
quently, energy is stored in the field that builds around the T1
transformer windings. The longer that voltage is applied to the

primary, the more energy is stored. Current flow in the secon-
dary of T2 develops the Ip RAMP VOLTAGE across resistor
A2R118. 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 he turned off.

4-96 When the FETs are turned off, the collapsing
magnetic field reverses the polarity across the T1 primary and
secondary, and current flows from T1 secondary through out-
put rectifier CR13 to charge output capacitors C16, C17, and
C18. The level to which the output capacitors are charged cor-
responds to 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 diodes CRS and CR6 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 contro! the FET duty cycle.

b
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4-99 Constant Voltage (CV)
Control Circuit
4-100 The Constant Voltage (CV) Control Circuit com-

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

4-101 Amplifier A2U13 compares a fraction of the B034A
output voltage at the + Sense terminal to the programming
voltage. The output of A2U13 is applied to 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 output
fitter. Use of two comparison amplifier loops provides increas-
ed stability for load variations.

4-102 In normal CV mode, the output of A2U14A varies
between = —0.5 volts and = + 1.0 volts. it is at its most
negative when the Joad is drawing little or no power from the
instrument. Progressively more-positive voltages from
A2U14A correspond to increased power demand by the load.
The output from the CV Circuit is applied to diode A2CR18.
4-103 Constant Current (CC)
Control Circuit

4-104 Operation of the Constant Current {CC} Control Cir-
cuit is similar to the CV Circuit. Output current from the 6034A
develops a voltage across the current-monitor resistance (Rpy)
consisting of R28 and R29. This voltage 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 volts and = + 1.0
volts, and is applied to diode AZCR18,

4-105

4-106 The outputs of the CV And CC Circuits are applied
to diodes that connect to a wired-OR junction. Whichever cir-
cuit is requesting less power will forward bias its output dicde
and determine the voltage at the wired-OR junction. As siated
earlier, the outputs 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 A2CR18
and A2CR19 is biased to + 1.5 volts. Therefore, whichever cir-
cuit, CV or CC, produces the more negative output will cause
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 turned off.

Control Voltage

4-107 For example, assume the output from the CV Circuit
{A2U14A) is +0.2 volts and the output frormn the CC Circuit
(A2U14C) is +0.8 volts. A2CR18 will be forward biased and
the wired-0R junction will be held at + 0.8 volts {includes the
(.6 volt drop across A2CR18). A2CR19 will be reverse biased,
so the CC Circuit will have no effect.

4-108 Pulse Width Modulator

4-108 The FET Switches are turned on and off at a 20 kHz
rate by signals derived from the Pulse 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 to the
output circuit} exceeds the CONTROL VOLTAGE {(which in-
dicates the amount of power required by the output circuit).
Figure 4-8 is a timing diagram showing the refationship of
various signals that control the FET switches.

4-110 The more negative level of the 20 kHz A2Ub output
resets both flip-flops A2U9A and A2U9B and holds them reset
until the A2U5 output goes positive. Then, the next positive
edge from the output of the 320 kHz oscillator triggers A2U9A,
triggering A2U9B ard one-shot multivibrator A2U10A. The
FET switches are turned on, current flows through
transformer T2, and |p RAMP VOLTAGE starts to rise.
When Ip RAMP VOLTAGE exceeds the CONTROL
VOLTAGE, the output of A2U12 changes state and flip-flop
A2U9B is reset, triggering one-shot multivibrator A2U10B 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 it results in a certain amount of
power begin transferred to the output after the desired off
time. If the CONTROL VOLTAGE is a a very low level {unit
supplying little or no output power}, this power may exceed
the amount required by the load. To offset this, the PWM is
designed to reduce the minimum on-time of the FETs if
necessary to reduce the power transferred to the output cir-
cuit. When the 20 kHz clock goes high {allowing the PWM to

‘be triggered by the next 320 kHz signal), A2C17 charges

rapidly and exponentially to a low level. if this level exceeds
the CONTROL VOLTAGE, the PWM initates an off puise,
turning off the FETs immediately after they have turned
on. Although the charge on A2C17 can exceed the CONTROL
VOLTAGE and change the output state of comparator A2U12
even before the FET switches have turned on, circuit delays
of the off pulse are such that the FET switches will be turned
on each cycle (assuming the PWM is not inhibited by other
circuits).

4-113

4-114 Ip RAMP VOLTAGE is also compared to a preset Ip
LIMIT at comparison amplifier A2U4B. Ip LIMIT is a factory-
set adjustment that limits 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
RAMP never reaches tp LIMIT at A2U4B. However, if the CON-
TROL VOLTAGE is excessively high (beth CV and CC program-
ming voltages set to relatively high values), {lp RAMP will ex-

Primary Current (Ip) Limit
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ceed Ip LIMIT. The output of AZU4B changes state, initiating
an off pulse.

4-115  As an additional protection feature, if nothing else
resets flip-fliop AZU9B {such as the control circuit, over
temperature, dropout, or overvoltage), it will be reset by the
next negative level from A2U5, triggering A2U10B to generate
an off pulse. Therefore, maximum duty cycle is always less
than 50%.

4-116 Bleed Circuit

4-117 This circuit enables the 6034A to regulate properly
even at very low output current and/or voltage levels. The cir-
cuit conducts approximately 25 milliamperes from the + out-
put line to the — 8 V supply, thereby ensuring that the FET
switches will be turned on each cycle even if the load is draw-
ing little or 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 1o [ower the cutput voltage itis
necessary to discharge the output filter capacitors (typically,
through the load). In situations that require the output voltage
to drop more rapidly than can be accomplished through the
load, the Down 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
circuiit from trying to sink current continuously from a parallel-
connected power supply.

4-122 Overvoltage Protection Circuit

4-123 The Overvoltage Protection Circuit monitors the
output voltage across the +O0ut Line and circuit common
(— Qut 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 Overvoltage Protection Circuit operates from
the long-carryover bias supply associated with the Down Pro-
grammer. By ensuring that the bias voltage remains high until
after the + Out reaches zero volts when the instrument is
turned off, this feature prevents the Overvoltage Protection
Circuit from latching i the unit is turned back on again
immediately after turn-off.

4-125 AC Dropout Dectector

4-126 The AC Dropout Detector operates to shut down
the power mesh when primary power is turned 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 tircuit that is reset by the
rectified ac pulses in the unregulated +56 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 stabilizes, thus ensuring that the FET
switches cannot turn on before the control circuits are able to
operate. When the instrument is turned on, the outputs of the
bias power supplies begin to rise from 0 volts. When the out-
put of the +5 V Regulated supply reaches approximately T volt,
transistors in the Bias Voltage Detector turn on and inhibit the
PWM and the On Driver. The inhibit signals remain on until the
output of the +5V Unregulated supply exceeds approximate-
Iy +9 volts, at which point the +5 V Regulated supply is cer-
tain to be stablizied.

4-129 The Bias Voltage Detector also inhibits the PWM
and On Driver in “"brownout” conditions if the ac line voltage
falls 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) TS51 opens and inhibits the PWM until the temperature
drops. The cooling fan continues to operate.




Section V
MAINTENANCE

5.1 INTRODUCTION

5-2 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 fault is detected in the power supply
while making the performance test or during normal opera-
tion, proceed to the troubleshooting procedures. After
troubleshooting and repair (paragraph 5-53) perform any
necessary adjustments and calibration iparagraph 5-121). Before
returning the power supply to normal operation, repeat the ap-
plicable portions of the perforrmance test to ensure that the
fault has been properly corrected and that no other faults
exist.
5-3 TEST EQUIPMENT REQUIRED

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

5-5 PERFORMANCE TEST

5-6 The following test can be used as an incoming in-
spection check and appropriate portions of the test can
be repeated to check the operation of the instrument
after repairs. The tests are performed using the specified
nominal input voltage for the unit. if the correct result is not
obtained for a particular check, proceed to troubleshooting
(paragraph 5-53}.

L Measurement Techniques

5-8 All specifications are measured at the rear terminals of
the power supply. Also, all tests are performed with the suppiy
strapped 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
0.5 V. The procedures are written for use of local {front-panel)
controls. However, output voltage and current can be set
via HP-IB.

5-9 Selecting a Load Resistor. Specifications are check-
ed with varying amounts of load resistance connected across
the supply. For most of the constant-voltage tests, the value of
load resistance must be 20 to permit operation of the supply at
20 V and its maximum-output-power-rating current of 10 A,
For the constant-current tests, the load resistance must be
approximately 18 Q to permit operation at 3.3 A and its
maximum-output-power-rating voltage of 60 V, The power
rating of the load resistance must be at least equal to the max-
imum output power of the suppiy: 230 watts.

5-1

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

5-11 Connecting a Current-Monitoring Resistor. To
allow precise measurement of output current, a current-
monitoring resistor is inserted between the output of the
power supply and the load resistance, This resistor must be
connected as a four-terminal device in the same manner as a
meter shunt would be (see Figure 5-1). The load current is fed
to the extremes of the wire leading to the resistor, while the
monitoring terminals are located as close as possible to the
resistance element itself. A curtent-monitaring 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.

CURRENT MONITORING

TERMINALS
R RL
TO NEGATIVE M TO POSITIVE
TERMINAL OF TERMINAL QF
POWER SUPPLY POWER SUPPLY
CURRENT -MCNITORING
RESISTOR

L OAD TERMINALS

Figure 5-1. Current-Monitoring Resistor Terminals

5-12 Constant Voltage Tests

5-13 Connect all of the measuring devices used in the
constant-voltage performance tests directly to the power sup-
ply sensing terminals { + S, — S). For best accuracy, the sens-
ing terminals must be used rather than the output terminals,
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 régulation or ripple of the power supply.
A measurement made across the load includes the impedance
of the leads to the load, and such lead lengths can easily have
an impedance several orders of magnitude greater than the
supply impedance typically < 1 millichm at dc), thus in-
validating the measurement,




Table 5-1. Test Equipment Required

Required Recommended
Type Characteristics Use Model
Oscilloscope Sensitivity: 1 mV Troubleshooting, HP 1740A
Bandwidth: 20 MHz measure ripple and
noise spikes.
Isolation Transformer 1 KVA Troubleshooting
RMS Voltmeter True RMS, 10 MHz Measure ripples HP 34004
handwidth, 1 mV sensitivity
Variabie Voltage Capable of handling 0 line Vary ac input for line
Autotransformer voltage +15% at 5.6 amps regulation measurement
and troubleshooting.
Muitimeter Resolution: 12pV Measure ac and dc HP 3455A

Accuracy: 0.02%, 5% digit

voltages, resistance, and
for sroubleshooting
and calibration.

Resistive Load

250 Watts

Power supply load
resistor {rheostat or
fixed resistors.)

James G. Biddle
non-inductive rheostat
A1TKNBAGT

Current-Monitoring
Resistor

Value: 100 Mv @ 10 A {10 mQ)

Accuracy: 0.003% *

Measure output current,
catibration

*Leeds and Northrup

Model 4222-B, 0.u1Q
0.003% Accuracy, 10 Watts

Terminating Resistors

Value: 50 2 £5%,
non-inductive
(four required)

Noise spike measurement

Blocking Capacitors

Value: 0.01xF, 100 Vdc
(two required)

Noise spike measurement

Switch SPST, 10A capacity @ 60 V Load effect tests
Signature Analyzer Troubleshooting the HP 5004A
HP-IB and microprocessor
circuits,
Controller Full HP-IB capabilities Troubleshooting HP 85
calibrating and or
verifying operation. HP 9825
-
Logic Pulser Troubleshooting HP 546A
DC Power Supply 0-40 volts, 0-2 amps Troubleshooting HP 62568
Resistor 1K €, 190, 1/8 W Calibration 0767-0280
metal film
Precision DC Supply 060 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
more than 5°C during the procedure. Less accurate, and less gxpensive current-monitor resistors can be used, but current-
programming accuracy specifications must be reduced accordingly.




5-14 To avoid mutual coupiing effects, connect each
monitoring device 1o the sensing terminals by a separate pair
of leads. Use twisted pairs or shielded two-wire cables 1o
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-voltage performance
specifications the current conirol should be set at least 2%
above the output current the load will draw, since the anset
of constant-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.

5-15 Rated Voltage and Voltmeter Accuracy. To
check that the supply will furnish its rated output voltage, pro-
ceed as follows:

a. Connect test setup shown in Figure 5-2. Set R to
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 veltmeter (DVM)
indicates exactly 60 V (maximum rated output

voltage).

d. Front-panel voltmeter 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 {max-

imum rated power cutput). Ensure that power supply
remains in CV mode.

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

h. DVM and front-panel voltmeter should both indicate
60 V.

5-16 Load Effect {Load Regulation},

Definition; The change in the static value of dc output
voltage (AEQUT) 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,

5-17 To check the constant-voltage load effect, proceed
as follows:
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 increase 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 Rp.
e. Adjust resistance of R until DVM reads 0.1 V, in-
dicating that current output is exactly 10 A (max-
imum rated output current). Ensure that power
supply remains in constant-voltage mode.
Disconnect DVM from Ry and reconnect DVM to
power supply sense terminals.
Open switch $1 to disconnect load.
Record voltage indicated on DVM.
Close switch $1 to reconnect load.
Wait a few seconds only to allow DVM to settle.
Reading on DVM should not differ from reading of
step h by more than 5 mV.

_—h

- To

5-18 Source Effect (Line Regulation}.

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

5-19 To check the source effect, proceed as follows:
a. Connect test setup shown in Figure B5-2,

POWER SUPPLY

AC
GND 3

+§ + - -§
Rms TO
0.01 DVM
+
R
o o 28

TWISTED PAIR
OR COAXIAL CABLE

DIGITAL VOLTMETER

AC
F ace
E GND

Figure 5-2. Constant-Voltage Test Setup



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

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

d. Turn on supply and turn up cutput voltage. If unit

switches to CC LIMIT mode, use QUTPUT AJDUST
controls to increase CC limit so that unit remains in

CV mode.

e. Adjust output voltage until BVM indicates exactly
60 V.

f. Disconnect DVM from power supply sense terminals

and connect DVM across Rpg.

9. Adjust resistance of R until DVM reads 33 mV, in-
dicating that current output is exactly 3.3 A. Ensure
that power supply remains in CV mode.

h. Disconnect DVM from Rpy and reconnect DVM to
power supply sense terminals.

i Record 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.

—

5-20 PARD (Ripple and Noise).

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

5-21 The amount of ripple and noise present on the power
supply output is measured either in terms of its rms or
{preferably) peak-to-peak value. The peak-to-peak measure-
ment is particularly important for applications where noise
spikes could be detrimental to sensitive loads such as logic cir-
cuitry. The rms measurement is not an ideal representation of
the noise, because fairly high cutput noise spikes of short
duration can be present in the ripple without appreciably in-
creasing the rms value.

5.22 Ripple Measurement Techniques. Figure 5-3A
shows a method of measuring ripple using a single-ended
true-reading RMS voltmeter or oscilloscope. The power
supply cutput 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, to ensure that no potential difference exists between the
supply and the RMS voltmeter, it is recommended 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.

523 To minimize pickup, a twisted pair or {preferably) a
shielded cable should be used to connect the sensing ter-
minals of the power supply to the input of the RMS voltmeter.
The common mode choke is recommended to minimize poten-
tial interference of common mode noise with the ripple
measurement. To verify that the RMS voltmeter is not

POWER SUPPLY

TWISTED PAIR
OR COAXIAL CABLE

POWER SUPPLY

Eﬁ

5 TURNS OR MORE ON
TOROIDAL CORE FERROX-

CUBE 500T600-3C8,
HP PN.9170-0061 OR
RL EQUIVALENT
181

+5 + - -5 l';‘l
{ 2]
:RL
18§
TWO-WIRE COAXIAL CABLE

RMS VOLTMETER
OR O5CILLOSCCPE

B

—+

DIFFERENTIAL
QSCILLOSCOPE

+ - G
0{?0—1

L

Figure 5-3, Constant-Voltage Ripple Test Setup




measuring ripple that is induced in the leads or picked up from
ground, short the voltmeter + sense lead to the volimeter
_ sense lead at the power supply output terminals. if the test
setup is properly configured, the noise value obtained when
the leads are shorted should not be significant compared to
the measured ripple value.

5-24 In some cases it may be desirable to use a differential
oscilloscope to display ripple, as shown in Figure 5-3B.
Because of its common-mode rejection, a differential
oscilloscope displays only the difference in signal between its
two vertical input terminals, thus ignoring the effects of any
common-mode signal produced by the difference in the ac
potential between the power supply case and the oscilloscope
case. Before using a differential-input oscilloscope, however,
it is imperative that the common-mode-rejection capability of
the oscilloscope be verified by shorting together its two input
leads at the power supply and observing the trace on the CRT.
If the trace is a straight line, then the oscilloscope is properly
ignoring any common-mode signal present. 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 common-mode re-
jection is attained.

5-26 Ripple Measurement Procedure. To check the rip-
ple output, proceed as follows:
a. Connect one of the test setups shown in Figure 5-3.
b. Turn on supply and turn up output voltage. If unit
switches to CC LIMIT mode, use OUTPUT ADJUST
controls to increase CC limit s0 that unit remains in
CV mode.
c. Adjust output voltage and R so that front-panel
meters indicate 40 V and 5.7 A.
d. Ripple should be less than 3mV.

5-26 Noise Spike Measurement Techniques. An in-
strument of sufficient bandwidth must be used when making a
high-frequency spike measurement. An oscilloscope with a
bandwidth of 20 MHz or more is adequate. Measuring noise
with an instrument that has insufficient bandwidth may
conceal 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} is usually not
adequate for measuring spikes; a differential oscilloscope is
necessary. The common-mode-rejection capability of the
oscilloscope must be verified as described in Paragraph 5-24.

5-28 Figure 54 shows the test setup used to measure
noise spikes. Two coaxial cables must be used. Impedance-
matching resistors must be included to eliminate standing
waves and cable ringing, and capacitors must be connected to
hlock dc. The length of the test leads outside the coaxial cable
should be kept as short as possible. The blocking capacitor
and impedance-matching resistor should be connected
directly from the inner conductor of the cable to the power
supply sensing terminal. Notice that the shields of the two
coaxial cables are not connected to the power supply, becase
such a connection would provide a ground current path
through the coaxial shield and result in an erroneous measure-
ment.

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

a. Connect the test setup shown in Figure 5-4.

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.
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Figure 5-4. Constant-Voitage Noise Spike Measurement Setup
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c. Adjust ocutput voitage 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 noise spikes observed
on the oscilioscope should be tess than 15 mV p-p
{instead of 30 mV p-p).

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

5-31 Load Transient Recovery Time,

Definition: The time X" for output voltage recovery to
within “Y*" millivolts of the nominal output voltage following
a "'Z2" amp step change in load current, where *'Y" is specified
as 76 mV; the nominal output voltage is defined as the dc level
halfway between the static output voltage before and after the
imposed load change; and ""Z" is the specified load current
change of from 90% 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
one-shot displays are difficult to observe on most oscilloscopes
and the arc energy eccurring during switching completely masks
the display with a noise burst. Transistor load switching devices
are expensive if reasonably rapid load current changes are to
be achieved.

5-33 We suggest that a mercury-wetted relay connected in
the load switching circuit shown in Figure 5-5 be used for
loading and unloading the supply. When this load switch is con-
nected to a 60 Hz ac input, the mercury-wetted relay opens
and closes 60 times per second. The 25 k control adjusts the
duty cycle of the load current switching to reduce jitter in the
oscilloscope display. This relay may also be used with a 50 Hz
ac input,

5-34 Measurement Procedure. To check the load tran-
sient recovery time, proceed as follows:

a. Connect load resistor R (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 20 V on
front-panel meter, If unit switches to CC LIMIT
mode, use OUTPUT ADJUST controls to increase
CC limit so that unit remains in CV mode.

c. Adjust Ry 1 for approximately 2.2202 (9A on front-
panel current meter}. Increase CC limit as necessary
so that unit remains in CV mode.

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

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

f.  Set Ry for approximately 20.2 © (2 total resistance
across supply) by adjusting R 2 until 8034A output

5-6

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

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

h. Turn on supply and adjust output to 20 V and 10 A.

i. Ciose line switch on repetitive toad switch setup.

I Set oscilloscope for internal sync and lock on either
the positive or negative toad transient spike.
k. Set vertical input of oscilloscope for ac coupling so

that small dc level changes in power supply output
voltage will not cause display to shift.

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

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

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

o, Adjust 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.

p- Starting from the major graticule division represent-
ing time zero, count to the right 1mS and vertically
75 mV, recovery should he within these tolerances as
illustrated in Figure 5-6.
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Temperature Coefficient.
Definition: The change in cutput voltage per°C change in
ambient temperature measured while ac line voitage, output
voltage setting, and load resistance are alt held constant.

5-35

5-36 The temperature coefficient of a power supply is
measured by placing the unit in an oven and varying the
termnperature Over any span within the power supply’s rating.
The power supply temperature must be atlowed to stabilize for
a sufficient time at each measurement temperature.

537 The temperature coefficient given in the specification
table is the maximum temperature-dependent output voltage
change which will result over any one-degree interval. The
digital voltmeter used to measure the supply's output voltage
change should be placed outside the oven and should have a
long-term stability adequate 10 insure that its drift will not
affect the overall measurement accuracy.

538 To check the temperature coefficient, proceed as
follows:
a. Connect load resistance and digital voltmeter as il-

lustrated 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 increase CC limit so that unit remains in
CV mode.

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

d. Discannect DVM from power supply sense terminals
and connect DVM across current-moritoring resistor
{(Rpm)-

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

5-7

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

0. Place power supply in temperature-controlled oven
{DVM remains outside oven). Set temperature to
30°C and allow 30 minutes warm-up.

h. Record DVM reading.

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

J- Observe DVM reading. Difference in voltage reading
between steps h and | should be less than 70 mVdc.

Drift {Stability).
Definition: The change in output voltage for the first eight
hours following a 30-minute warm-up period. During the in-
terval of measurement, input line voltage, load resistance and
ambient temperature are all held constant.

5-39

5-40 This measurement is made by monitoring the output
of the power supply on a digital voltmeter over the stated
measurement interval. A strip chart recorder can be used to
provide a permanent record. Place a thermometer near the
supply to verify that the ambient temperature remains con-
stant during the period of measurement. The supply should be
iocated away from any source of stray air current. If possible,
place the supply in an oven and hold it at a constant
termperature. Take care that the measuring instrument has an
eight-hour stability at least an order of magnitude better than
the stability specification of the power supply being tested.
Typically, a supply will drift less over the eight-hour measure-
ment interval than during the half-hour warm-up period.

541 To check the output stability, proceed as foliows:

a. Connect load resistance and digital voltmeter [DVM)
as illustrated in Figure 5-2.

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

e. Reduce resistance of R until DVM reads 33 mV, in-
dicating that the current output is exactly 3.3 A {max-
imum rated power output}. Ensure that power sup-
ply remains in CV mode.

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

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 instruments, methods, and precautions for the
proper measurement of constant-current power supply
characterisitics are for the most part identical to those already
described for the measurement of constant-voltage



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

5-44 Current Output and Current Meter Accuracy. To
check that the supply will furnish its rated output current, pro-
ceed as follows:

a. Connect test setup shown in Figure 5-7. Set R to
minimum resistance initially.

b. Turn on supply and turn up output voitage. Set
QUTPUT ADJUST controls to adjust output current
until DVM reads 0.1V, indicating that ocutput current
is exactly 10 A {maximum rated output current). If
unit switches to CV mode, use QUTPUT ADJUST
controls to increase CV limit so that unit remains in
CC mode.

c. Front-panel ammeter should indicate 10 A.

d. Disconnect DVM from Rpt and connect DVM to
power supply sense terminals.

e. Increase resistance of R until DVM reads exactly 20
V {maximurn rated power output). Ensure that power
supply remains in CC mode,

f. Disconnect DVM from power supply sense terminals
and reconnect DVM across Ry.

g. DVM should indicate 0.1 V; front-panel ammeter

_ should indicate 10 A.

5-45 Load Effect (Load Regulation}.

Definition: The change in the static value of the dc output
current (Al oUT) resulting from a change in load resistance
from short circuit to a value which yields maximum rated out-
put voltage, or from the latter value to short circuit.

5-46 To check the constant-current load effect, proceed
as follows:
a. Connect test setup shown in Figure 5-7.
b. Turn on supply and turn up output voltage. Set OUT-
PUT ADJUST controls to adjust output current until
DVM reads 33mV, indicating that output current is ex-
actly 3.3 A. If unit switches to CV mode, use OUT-

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

c. Disconnect DVM from Rpq and connect DVM to
power supply sense terminals.

d. Adjust resistance of R until DVM indicates 60 V
{maximum rated output voltage). Ensure that power
supply remains in constant-current mode.

e. Disconnect DVM from power supply sense terminals
and reconnect DVM to Rpg.

f. Record voltage indicated on DVM.

g. Close switch to short circuit load.

h. Wait a few seconds only to allow DVM to settle.
Reading on DVM should not differ from reading of
step f by more than 33uV.

5-47 Source Effect (Line Regulation),

Definition: The change in the static value of dc output
current {AlgyUT) resulting from a change in ac input voltage
over the specified range from low line to high line, or from
high fine to low line.

5-48 To check source effect, proceed as follows:

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

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

c. Adjust autotransforrmer for low line voltage
{paragraph 2-20}.

d. Turn on supply and turn up output voltage. Set
QUTPUT ADJUST controls to adjust output current
until DVM reads 0.1 V, indicating that output current
is exactly 10 A {maximum rated output current). If
unit switches to CV mode, use OUTPUT ADJUST
controls to increase CV limit so that unit remains in
CC mode.

e. Disconnect DVM from Rpg and connect DVM to
power supply sense terminals.

f. Adjust resistance of R until DVM reads exactly
20 V. Ensure that power suply remains in ¢constant-
current mode.

g. Disconnect DVM from power supply sense terminals
and reconnect DVM across Rp.
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h. Record voltage indicated on DVM.

i Adjust autotransformer for high line voltage.

j Reading on DVM should not differ from reading of
step h by more than 30uV.

5-49 PARD (Ripple and Noise).

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

5-50 Most of the instructions pertaining to pickup prob-
lems associated with constant-voltage ripple and naise
measurement also apply to the measurement of constant-
current ripple and noise. Figure &-8 shows two test setups that
can be used when measuring the ripple and noise of a
constant-current supply, Etiher test setup can be used depend-
ing on the availability of an appropriate monitoring resistor.

5-51 The current-monitoring resistor (Rpg) in Figure 5-8
can be constructed of paraliel-connected resistors. It must
have very low inductance to prevent the high frequency com-
ponents of CC ripple from causing a misleading voltage drop.
A current probe/amplifier combination such as Tektronix
P6302 probe and AMB03 amplifier can be used for the current-
monitoring transformer {T1} in Figure 5-8B.

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

a. Connect oscilloscope or rms voltmeter as shown in
Figure 5-8.

b.  Turn on supply and turn up cutput voltage. Adjust
output current and R until front-panel meters indicate
10 A and approximately 20 V. If unit switches to CV
mode, use OUTPUT ADJUST controls to increase CV
limit so that unit remains in CC mode.

€. The oberved ripple and noise should be less than 0.5
mV rms (5 mA rms).

5-63 TROUBLESHOOQOTING

5-b4 Introduction

5-55 The following paragraphs describe use of self tests
which the 6034A can perform to verify the operation of many
of its circuits, signature analysis, and the detailed
troubleshooting trees. Also described is an optional service
package. The procedures described in these paragraphs are
designed to help a technician identify and locate any faults in
the 6034A as rapidly as possible. A good understanding of the
principles of operation is particularly helpful, and it is recom-
mended that Section IV of this manual be reviewed before at-
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tempting to troubleshoot the unit. The following
troubleshooting procedures will nat check the calibration of
the unit, which can be done with the performance tests given
in the beginning of this section.

5-56 Section VIl contains schematic diagrams and compo-
nent location diagrams to help the user locate components and
test points. Most test points 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 board, HP part number 06024-80024, can be used with
the control board to allow easy access to components. A test
connector, HP part number 1251-6016, allows easy connec-
tion of test probes to the test fingers. Test points on the HP-
IB/micrecomputer beard consists of stand-up pins t¢ which
test probes can be clipped. Wire loops on the front-panel
printed-circuit board and the HP-IB/microcomputer board
allows connection of test probes to various reference
voltages.
b-57 Initial Procedures

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

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

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

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

d. Check that the rear-panel HP-IB address switches are
set properly.

e. 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.

5-69 Optional Service Package. Because the 6034A
microcomputer performs the self tests described in the follow-
ing paragraphs, it can test only those circuits to which it has
access, and the most thorough tests are performed on circuits
functionally closest to the microprocessor. A service software
package is available to supplement the self tests by performing
some tests and guiding the user through other tests that can-
not 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 bé
performed by the user via the computer keyboard.

5-60 Order HP part number 06034-10001 for use with the
HP 9825 computer, or HP part number 06034-10002 for use
with the HP 85 computer. Each service software package in-
cludes an instruction booklet.

5-10

5-61 Self Test and Test Mode

5-62 The 6034A performs a self test of its RAM, real-time
clock, and ROM circuits each time power is turned on. More
extensive self tests can be accessed in test mode. 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 5-9. The OVP, OTP, and
UNREGULATED LEDs, helow the meter display, indicate
which section of the test failed, see Figure 5-9, 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 in Table 5-2 are considered the
most likely, but the flist is not necessarily

complete.
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Figure 5-9, Self Test Error Codes




Table 5-2. Self Test Error Descriptions

FAULT # DESCRIPTION

KERNEL TEST (consists of RAM tests and real-iime clock tests.} The RAM test is the first test perfarm-
ed when power is applied to the 6034A. 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 fails.

1 RAM 1* {A4U32) failed uniqueness test.

2 RAM 2 {A4U33) failed unigueness test.

3 RAM 1* faited walking 1s and Os test.

4 RAM 2 failed walking 1s and Os test.

7 Either 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 both RAMs are at fault, only RAM 1 will be reported.
The real-time clock test is performed upon proper completion of the RAM test. It 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
1est 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.

6 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 kerne! tests.
Failure of the ROM test at power on does not prevent the user from returning the 6034A to ncrmal
operation. The ROM test is also performed when test mode is invoked and self tests are selected
(6034A turns on in self test when test mode is invoked]).

1 ROM 1 {A4U25) checksum incorrect.®

2 ROM 2 {A4U90) checksum incorrect.”

3 ROM 3 (A4U24) checksum incorrect.*
Possible fault areas: The ROM or its chip select may have failed, or address bus, data bus, or associated
circuits may have failed.
*|n units with three EPROMs instead of one ROM, if more than cne ROM fails, only the lowest
nurmbered will be reported.
INTERRUPT SYSTEM TEST. The interrupt system test is performed when test mode has been invoked
and self tests are selected. It is not performed at power on,

1 Power mesh interrupt did not occur when expected. This test inhibits the power mesh PWM clock,
which should cause the supply 1o become unregulated.
Possible fault areas: Fauit is probably in power mesh; disable signa! may be lost between front-panel
latch and power mesh PWM disable gate. A fault in interrupt circuit or interrupt enable could also be
the cause,

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

4 Power mesh interrupt ocecurred when it should not.
Possible fault areas: Fault is probabl\f located in the interrupt circuit of the output port involved with in-
terrupt enable signal.

5 HP-IB interrupt occurred when it should not.
Possible fault areas: Fault is probably located in the interrupt circuit or the HP-IB circuits.

(] Timer interrupt signal occurs, but elapsed time is wrong.

Possible fault areas: Fault is probably located in 1 ms timer circuit,
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Table 5-2. Self Test Error Descriptions (cont.)

FAULT 4

DESCRIPTION

NN s W N =

HP-IB INTERFACE TEST. The HP-IB interface test is performed when test mode has been inveked and
self tests are selected. It is not performed at power on.

Data read in from shift register does not agree with data previously loaded into shift register.

Possible fault areas: The CRUIN and/or CRUQUT opto-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 mode has been in-
voked and self test are selected. It is not performed at power on. This test will fail if the power supply
output terminals are not open, In the following list of faults, the first two entries on each line indicate
the conditions which the microcomputer set up, and the last entries indicate the unexpected result.

CV = 0, but M2 ANDed with CV = 1
CC = 1, but M1 ANDed with CC =1
CV = 0, but M2 ANDed with CV = 0
CC = 1, but M1 ANDed with CC = 1
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= 1, but Unregulated = 0
, CC = 1, but M1 ANDed with CC = 1
= 0, CC = 1, but M1 ANDed with CC = 1

Possible fault areas: Although the signals could be lost in the microcomputer circuit or front-panel
gates, latches, or connectors, the most likely cause is damage to the power mesh.
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READBACK COMPARATORS TEST. The readback comparators test is performed when test mode
has been invoked and self tests are selected. ft is not performed at power on. This test will failf if the
power supply output terminals are not open.

CC reference > | out, but CC comparator output low.
CV reference > V out, but CV comparator output low.
CV reference < V out, but CV comparator output high.

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

G bW

OVP TEST. The OVP test is performed when test mode has been invoked and self tests are selected. It
is not performed at power on. This test will cause the power supply ocutput voltage to rise to 60 volts, so
the cutput terminals must be open to prevent damage to sensitive loads. The test may fail if the power
supply output terminals are not open.

OVP status indicator false when it should be true.

OVP status indicator true when it should be false.

Zero volts output and 64.5 volts OVP trip point are programmed, but OVP will not reset,
Three volts output and two volts QVP trip point are programmed, but OVP will not trip.
60 volts output and 64.5 volts OVP trip point are programmed, but OVP will not reset.

Possible fault areas: If this is the only test that failed, fault is probably in the OVP circuit, |f other power
mesh tests failed, fault is probably in power mesh,
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5-63 For most failures the front-panel LED indicators (ex-
cept SELF TEST) will flash on and off. Flashing indicators
always indicate a fault, but, because flashing is controlled by
the microcomputer, a failure in the kernel of the microcomputer
may cause the indicators to remain on in code without flashing.

NOTE

Because the unit is testing itself, it is not possible
to guarantee that the unit will provide an unam-
biguous indication of afll possible failures. For ex-
ample, a faiure in the hardware used for self test
or in the core of the microprocessor may prevent
the unit from indicating that it has not passed self
test. If the unit appears to be inoperative, but it
does not indicate failure of self tests, it should be
removed from the operating system and the user
should follow the procedures given in the main
troubleshooting tree, Figure 5-16.

5-64 Passing all self tests indicates that the 6034A can
function at least paritally. Self test cannot verify the HP-[B in-
terface without use of a computer, nor can it verify the front-
panel controls without someone to operate them. This type of
check can be performed with use of the optional service soft-
ware package. Also, self tests cannot check calibration or
whather the power mesh can provide full power output. For
these checks, use the perfarmance tests given in the beginn-
ing of this section,

5-65 Self tests can help eliminate some circuits as fault
locations, and they can help locate a fault to certain circuits,
but self tests generally will not indicate reasons for a fault.
Users without extensive 6034A experience are advised to use
the troubleshooting trees and follow all procedures step by
step.

5-66 Test mode also enables use of signature analysis
techniques for troubleshooting, and it allows testing of the
front-panel LEDs. Table 5-3 shows the status of various LEDs
for each of the test mode conditions.

5-67 The 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 be ready for operation.
The SRQ indicator will remain on untit the unit is serial polled
in response to its power-on service request. If the unit fails the
tests, refer to Figure 5-9 to decode the reason for the failure.
Proceed to the main troubleshooting tree, Figure 5-16. Note
that the unit will not respond to a serial poll if it fails turn-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 mode, proceed as follows:
a. Turn off the 6034A.
b. Disconnect all loads from the 6034A output terminals
and disconnect the 6034A from the HP-I1B.

Output voltage will rise to 60 volts during part of
the test mode seff tests. In addition to the per-
sonal hazard of this potential, a voltage-sensitive
load attached to the output terminals may be
damaged, and the 6034A will fail self tests. In ad-
dition, the controffer may get hung up waiting for
the 6034A to respond. Do not invoke test mode
with the 6034A on line in an operating system.

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

d. Press the OUTPUT ADJUST pushbutton switch while
turning on the B034A. Continue to press the OUTPUT
ADJUST switch for at feast 2% seconds but not more
than 6 seconds after turn on, If the unit has entered
test mode, the SELF TEST indicator and all segments
of the VOLTS and AMPS displays will remain on after
the QOUTPUT ADJUST switch is released, and the
VOLTAGE indicator will flash on and off to indicate
that self tests are being performed. If the OUTPUT
ADJUST switch is held for too long or not long
enough, the unit wil revert to normal operating mode
lassuming it passes turn-on self tests).

Table 5-3. Test Mode LED Status

SELF VOLTAGE CURRENT ERROR-

TEST LED LED CODED

LED LEDs* Mode
On Flashing Off Off Running Self Tests
On Off Off Flashing Self Test Failed
On Off Flashing Off Signature Analysis
On off** Off** off** LED Test
Off X X X Normal Operation

*RMT, LSN, TLK, SRQ, 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 performance degradation as a
resuft of static charges, even though complete
failure may not occur. The following precautions
should be observed when handling static-sensitive
devices.

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

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

Handle static-sensitive devices only at static-free work
stations. These work stations should include 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 102
per square.

Ground all 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
{ionized-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-
ceeds b00 volits, 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 Part No.
9300-0969 [smail] and 9300-0970 [large]}.

5-14

WARNING

Do not wear a conductive wrist strap when work-
ing with potentials in excess of 500 volts, the one-
megohm resistor wifl provide insufficient current
fimiting for personal safety.

All grounding (device being repaired, test equipment,
soldering iron, work surface, wrist strap, etc.) should
be done to the same paint.

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 pulsers, etc.) should be connected to static-
sensitive inputs only while the components are
powered.

tse a mildly activated rosin core solder {(such as Alpha
Metal Reliacor No. 11, HP Part No. 8080-0098} 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 natural-bristie brush only. Do not use nylon-
bristle or other synthetic-bristle brushes. Do not use
high-velocity air blowers {unfess jonized).

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 area can
be kept from building up a static charge by spraying
them with an anti-static chemical (HP Part No.
8500-3397}.

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

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




5-70 The time window for entering test mode is delayed
and short to minimize the possibility of test mode heing invok-
ed accidently. Some of the tests cause a voltage across the
output 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 all
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.

572 As long as the unit passes the self tests, the SELF
TEST LED will remain on and the VOLTAGE LED will flash. If
a test fails, the unit will stop self tests, the VOLTAGE LED
turns off, and other front-panel indicators fiash in code to in-
dicate which test has failed. After noting which test failed and
the fault number, press QUTPUT ADJUST once to continue
self 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 OUTPUT
ADJUST onee to continue self tests. When 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 mode or
LED test mode. To exit test mode completely and return the
unit to normal operation, either press OUTPUT ADJUST
pushbutton for at least three seconds or turn power off and
then back on.

5-74 Test Mode Signature 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 {SELF
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,
OUTPUT ADJUST will have to be pressed twice rapidly, once
1o resume self test and once to switch the unit to signature
analysis mode. If 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
OUTPUT ADJIST can easily be pressed twice, The unit can
also be forced into signature analysis mode by shorting test
points TP11 and TP 14 together on the HP-1B/microcomputer
assembly. To exit signature analysis mode, either press OUT-
PUT ADJUST once to enter LED test mode, twice to return to
self test mode, or press QUTPUT ADJUST in for at least three
seconds to return to normal operation,

5-75 Paragraph 5-82 provides a brief introduction to
signature analysis and describes the use of signature analysis
to troubleshoot the 6034A.

576 LED Test Mode. To enter LED test mode, the unit
must first be in test mode. Press OUTPUT 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 will re-

main on. By rotating the OUTPUT ADJUST knob (RPG) in
gither 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 seif test, or press in OUTPUT
ADJUST for a least three seconds to return to normal
operation,

5-78 Troubleshooting Trees

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

5-79 The troubleshooting trees are the most exhaustive
troubleshooting technique available for use with the 6034A.
They can be used either with or without having performed self
tests. After having determined that the 6034A is malfunction-
ing, the user should remove the unit from the operating
system and proceed to the main troubleshooting tree. 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
trees.

1. Most troubleshooting procedures start with the test
setup described 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.

Some circuits on the power mesh are connected
directly to the ac power line. Exercise extreme
caution when working on energized circuits.
Energize the supply through an isolation
transformer to avoid shorting ac energized cir-
cuits through the test instrument’s input leads.
{The isolation 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 to an earth ground before
applying power. Failure to do so will cause a
potential shock hazard that could resuft in per-
sonal injury.



3. Allow input capacitors two minutes to discharge
befare 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 measured
with respect to bias common, available at A2U1
heatsink. Voltages on the HP-IB/microcomputer
assembly are measured with respect to either  \}/ or

? which should be shorted together for
troubleshooting. Vls available at TP1 and wire loop
W17 |s avaitable at TP2, TP3, and wire loop W18.

Voltages on the front-panel assembly are measured

with respect to either\2 /or\3/, available at wire loops

on the front-panel printed circuit board.

5. Numbers in brackets refer to waveforms shown in
Figure 5-21.

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

7. The troubleshooting trees provide general guidelines

to help isolate trouble, They will not isolate all possi-
ble troubles. The user should use signal tracing and
other standard troubleshooting techniques to iden-
tify faulty components. The user is responsible for
connecting and adjusting meters, oscilloscopes, etc.
properly. Before replacing a component, check con-
nections to the component and ensure that bias
voltages to the compenent are correct.

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

9. Table 5-4 provides descriptions of the control board
test points. Table 5-5 proves descnptlons of the HP-
IB/microcomputer test points.

10.  After isolating and correcting a problem, go back to
the beginning of main troubleshcoting tree, Figure

5-16, unless otherwise directed.
b-81 Troubleshooting Test Setup. Unless otherwise
noted, troubleshooting procedures should start with the

following test setup.
1. Turn off 8034A and disconnect all loads.

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 a load resistor, connect a
200-chm 10-watt load resistor across output
terminals.

4 Turn OVP ADJUST controb to maximum {fully
clockwise.}

5. Remove top cover.

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

5-82 Signature Analysis
5-83 The easiest and most efficient method of
troubleshooting microprocessor-based instruments is

signature analysis. Signature analysis is similar to signal trac-

5-16

ing with an osciltoscope in linear circuits. Part of the
microcomputer memory is dedicated to signature analysis,
and a known bit stream is generated to stimulate as many
nodes as possible within the circuit. However, because it is vir-
tually impossible to analyze a bit stream with an oscilloscope,
a signature analyzer is used to compress the bit stream into a
four-character signature that is unique for each node. By com-
paring signatures of the upit under test to the correct
signatures for each node, faults can usually be isolated to one
or two components. Note that signature analysis provides
only go/no-go information; the signature provides ab-
solutely no diagnostic information.

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

Table 5-4. Control Board Test Point Descriptions

Test Point
Connector
P2 Description
1 CV Programming Voltage
2 — Sense
3 I-Monitor Buffer Amplifier Qutput
q Overvoltage Status (low = overvoltage)
5 + Sense
6 Outboard Sense {outboard side of
current-monitor resistor)
7 CC Programming Voltage
8 —12 V Unregulated { = — 25 V)
9 Constant Voltage Mode (low = CV)
10 Overvoltage Remote Reset Input
1 +15 V Unregulated { = +25 V)
12 Bias Power Supplies Common
13 Low Bias Voltage or AC dropout
({low = low bias or ac dropout)
14 Over Temperature Status
(low = over temperature)
15 Constant Current Mode {low = CC)
16 +5 V Unregulated { = + 16 V}
17 Signal to “On” Driver
18 Signal to “Off"" Driver
19 {(Not used)
20 + 15 V Regulated
21 +5 V Regulated
22 inboard Sense (inboard side of
current-monitor resistor)
23 20 kHz Clock Signal
24 — 12 V Regulated
25 (Not used)
26 Ip {Primary Current) Ramp Voltage




Table 5-5. HP-IB/Microcomputer Test

Point Descriptions

5-85 Signature analysis in the 6034A is accomplished in
two modes, free-run mode and signature analysis test mode.

Test Point Description Free-run mode is used to check the operation of the
microcomputer kernel, consisting of the microprocessor,
1 v RAM, ROM, and clock. Once proper operation of the kernel
has been verified, then the kernel can be used to stimulate the
2,3 2 rest of the circuit,
; /,;
4 #3, uprocessor clock phase 3, used for 5-86 Instructions in the troubleshooting trees direct the
signature analysis clock user to specific sighature analysis figures. Each figure includes
a setup for the signature analyzer front-panel controls and pod
b, 6 AD, start/stop signal connections. (The user should refer to the signature analyzer
instruction manual for compiete instructions on use of the
7 CRUCLK, clock signal signature analyzer.)
8 ROM T, start/stop signal 5-87 If a fault appears to be in the kernel of the microcom-
puter, signatures are taken with the unit operating in free-run
9 ROM 2 mode. Symptoms of this type of failure include failure of RAM
or ROM self test or all front-panel LEDs remaining lit. To
10 ROM 3 operate the 6034A in free-run mode, the free-run jumper pack
must be moved from its normal location to the free-run mode
1 Signature analysis interrupt input, location, see Figure 5-11, The jumper pack breaks the DIO
factory use only fines and provides a NOP code to the microprocessor, which
then steps through all of its addresses. Note that it is not
12 ROM 4 necessary to switch the 6034A to signature analysis to take
signatures in free-run mode.
13 Signature analysis clock, used to check
ROM data 5-88 Figure 7-1 shows the location of the two sockets into
which the free-run mode jumper pack can be inserted. Nor-
14, 15 CV DAC LSB, start/stop signal mally, the jumper pack is installed in the single 16-pin socket,
shorting pins 1 through 8 to pins 9 through 16, For free-run
16 Wconnected to TP11 for factory test mode the jumper pack is installed between the 8-pin socket
and pins 1 through 8 of the 16-pin socket.
17 SRQ
5-89 Figure 5-12 shows the signatures that should be
found in free-run mode. To operate the 6034A in free-run
mode for signature analysis of the microcomputer kernel, pro-
ceed as follows.
MEMORY
_| cHIP ENABLE
SELECT
P DECODERS .
A1 TO A8 ADDRESS /0 ENABLE
*|MEMORY DECIODING
A9 TO AI3_| ADDRESS |ADDRESS_ Is0
BUFFERS ADDRESS

Figure 5-10. Signature Analysis Map
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Figure 5-11. Free-Run Mode Jumper

5-90 Turn off the 6034A. Use an 1.C. removal tool, or,
using a small-blade screwdriver, first pry up one end and then
the other end of the jumper pack a little at a time. Be careful
not to bend the pins. Be especially careful that all pins are
properly iocated in the socket before pressing the jumper pack
down in place.

5-91
6034A.
1. Figure 5-10 shows the circuit functions that are
checked using signature analysis, with arrows direc-
ting the user from one functional area 1o another.
Figures 5-12 and 5-15 are arranged similar to Figure
5-10 and are subdivided by circuit function.
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.
If a signature is boxed {e.g. it is an input to
that I.C. Unboxed signatures are outputs.
A signal's source {for an input} or desintation {for an
output} is written next to the pin number inside the
I.C. outline. This allows the user to trace the signal to
determine which component introduces an error,
Be certain to use tha correct setup as given in each
figure.
Most signatures are taken on the HP-
IB/microcomputer assembly. Front-panel |.C.s are
labeled.
Note the signatures for Vec and ground on the I.C.
being examined. If an incorrect signature is the same
as that of Vee or ground, that point is probably shorted
to Vec or ground.
If two pins have identical signatures, they are prob-
ably shorted together. If two signaturas are similar,
it is only coincidence. For exampie, if the signature at
a certain point should be 65C4, a signature of 66C3 is
not "almost right.” No diagnostic information
can be inferred from an incorrect signature.
If a signature is incorrect at an input pin, but is cor-
rect at its source {output of previous |.C.), check for
printed circuit and soldering discontinuity.
An incorrect signature at an output could be caused
by a faulty component producing that output; or, a

The following notes apply to signature analysis of the

10.

5-18

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.

If many signatures are wrong, including signatures for
+5 V, the fault is probably in signals used to clock
or gate the signature analyzer. Check that the A0,
A13/CRUOUT, ¢3, and CRUCLK signals are c¢lean
SQUAare waves,

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

5.92 Free-Run 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 mode
position, and set the signature analyzer controls as shown on
Figure 5-12. Start taking signatures at the microprocesscr. If all
microprocesser signatures are correct, check the memory chip
select decoders and then the memory devices. If all inputs to a
component are good but the output is wrong, that component
is probably bad. Check also for a short on the printed-circuit
board or other components that might be loading that node.

5-54 If all the above signatures are correct, the fault could
be the ROM data. Check the signature at TP13, the signature
analysis clock generator {see Figure 5-13). If the signature is
incorrect, troubleshoot the sighature analyzer clock generator
circuit. If the TP13 signature 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 have been correct, and the RAM self test fail-
ed, the RAM is probably fauity.

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

5-96 Signature Analysis Procedure. Figure 5-15 is used
for signature analysis when the microprocessor has passed
turn-on self test. Most faults for which this mode is ap-
propriate involve I/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 5-15. If an input or output port is being
checked, start at that port and work back toward the
microprocessor. Remember that the numbers next to each pin
number give the location to which that pin is connected.

5-98 For example, assume that OVP will not reset, but the
OVP circuit appears to function properly. To troubleshoot this
problem, proceed as follows.

a. Using the schematic and labels on Figure 5-15, locate
the output port that resets OVP; A3U14, pin 6, on
the front-panel assembly.

b. Check the signature at A3U14-6. Because this is an

output port, if the signature is correct the fault is pro-
bably in the OVP circuit. Use standard
troubleshooting techniques,
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SIGNATURE ANALYZER SETUP

FRONT ProL CONTROLS POD COARECTIONS
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{1 WOKATES AN MPUT, OTHER SGMATURES ARE OUTRUTS

RUT AN QUTPUT PORTS ARE MOUNTED OM FROMT PUNEL (43),
AL QTHRS ARE MOUNTED ON HP-IB/MICROCOMPUTER ASSEMBLY 44
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o4y 5n::‘ vz 7 U6 s H Figure 5-12. Signature Chart, Free-Run Mode
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SHATURE AKaYZER SETUP ¥

FRONT PANEL CONTROLS POD CORNECTIONS
START _/"~ START  TPi4

o

oot ?ﬁﬁ-ﬂh\‘ll BN STP TRIS
U3Z 33 ol
Lo aok clo P4

8\ CROUNG
.
. 4E . L7 wmicares an NPT, OTre R SIGNATURES ARE DUTRUTS.
ADORESS BUFFERS C ] 15 . .
e a7 AR w7 |2 B U5 19| 3P WPUT AN BUTELT PORTS ARE. MOLNTED O3 FRONT PANEL (431
- e ALL OTHERS %RE MOUNTED ON HP-B/MCROCOMPUTER ASSEMBLY &4
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+5v
UiB ‘—“ uass
PACU e
35y —10nd ¢ g 4UFQ 3 6
suel s |- 757U
VERIFY WITH O'SCOPE, NOT SA. e UZA
PACU e TPI3
Uik finy 2 HO4|
PACU 9
4 5 9U8I 12 5.A
+5V =S L I 10 cLoCK
U26Dd u45¢ 48|
vze-2 22 ] 8 el 5y Bulp L8 | ASTUY 8
PACY -
L6 753P

THIS CIRCUIT CREATES THE CLOCK SIGNAL TO BE USED IN THE SA MODE, AND ALSO TO CHECK ROM CATA

IN FREE RUN MODE. IF THERE ARE MANY WRONG SIGNATURES IN SA MODE, THEN THIS CIRCUIT SHOULD BE
CHECKED WITH THE 6034A IN FREE-RUN MODE. IT SHOULD ALSC BE CHECKED BEFORE CHECKING ROM DATA
WITH SA. VERIFYING THE SIGNATURE AT TPI3 IN FREE RUN MODE |S ADEQUATE.

SIGNATURE ANALYZER SETLPR

FRONY-PANEL PGD
CONTROLS CONNECTIONS

START_/_ START TPS
STOP _/_ STOP TPE
CLOCK_/_ CLOCK TP4

GROUND TP3

Figure 5-13. Signature Analysis Clock Generator Troubleshooting

- J c. If the A3U14-6 signature is incorrect, check inputs to
A3U14 {A10°, A11°, A12’, CRUOUT’). Hf they are cor-
1-A8 ¥5-24 | P25 rect, A3U14 is probably bad.
2-A7 A5-23 . R )
1-A8 Ad-22 d. If any of the A3L}14 input signatures are incorrect,
4-p9" 21 check the signature at the location written next to
5-A10' ROM: 20 the bad pin. For example, if the signature of A10’ at
§-All A3-19 A3U14-3 is incorrect, check Ad4U13-3 on the HP-
AR 8 IB/microcomputer assembly
8-a13' DO'-17 | ceO2 . : .
5547 | 9-07° OF - 16 | UFOS e. Continue untii you locate the faulty component or
uPsU |10-D6' p2'-15 | 86U4 reach the microprocessor. However, if the
2606 | 1+-D8' 03-14 | 7532 microprocessor has passed earlier tests, recheck
0000 1232/ D4-13 | AUZH your setups and procedure very carefully before

replacing the microprocessor.
6034A IN FREE -RUN MODE

SIGNATURE ANALYZER SETUP .
5-99 Input and Qutput Ports. For input ports and some

output ports, signature analysis is not appropriate. The
microprocessor cannot stimulate its own inputs, and most
staRT — | smant  Tre LEDs are not being addressed during signature analysis mode.

The SELF TEST LED should be on {its output port, A3U11-11,
should be at ground), and the CURRENT LED should be
flashing. All other LEDs should be off, with their cutput ports
GROUND TP3 at +5 volts.

FRONT- PANEL POD
CONTROLS CONNECTIONS

STOP O STOP uzz-7
CLOCK L CLOCK TPIZ

To check input ports:
Figure 5-14. ROM Data Test a. Verify that the input to the port is correct.
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Use signature analysis to verify that the input port is
being addressed and enabled.

If both the above are correct, the input port [.C. is
probably bad.

To check output ports:

Switch unit to LED test mode.

Check the output port of any malfunctioning LED
with a logic probe {the signature analyzer probe also
operates as a logic probe).

The output port should be low {ground) when the
LED should be on, and high (+5 volts) when the
LED should be off.

If the logic levels are correct, check the LED.

i the logic levels are incorrect, use signature analysis
to verify that the output port is being addressed and
enabled.

f.

5-160

I more than one LED on a given |.C. does not light,
either the 1.C. or its enable input is probably bad.

After troubleshooting be certain to restore to normal

operating condition any of the following that may have been

changed.

1.
2.

3.

a.
5,

Sensing and other rear-panel connections.

TP1 to TP2 or TP3 on HP-IB/microcomputer
assembly (grounds N}/ and“27 ).

TP11 to TP14 on HP-IB/microcomputer assembly
{signature analysis interrupt).

Signature analysis free-run jumper pack.

Bias power supply jumpers J2 {5 jumpers} and J5 (3
jumpers} on HP-1B/microcomputer assembly,

Table 5-6. HP-1B/Microcomputer Bias Supply Voltages

Unregulated* Regulated { +5%]}
Test Minimum Maximum Test
Nominal Point Valley Peak Point Current Jumpers
HP-IB BIAS VOLTAGES
+5 AL-W/YEL 114V 18.0 v AB-W/BLU 0.75 A AdJs
+12 A4F1 175V 270V A4CB3 60 mA
PON 1, Measured at A4R65 - Normally 0 V
i\ /TP1
MICROCOMPUTER BIAS VOLTAGES
+5 AB-W/ORN 1.4V 19.0V AB-W/RED 1A
+12 AACR7Cath 1765V 270V A4AC35 + 60 mA A4J2
+ 15 A4CR7Cath 175V 270V A4C32 + 60 mA
- 15 A4ACR6 Ano -17.5V -270V Ad4C33 - 60 mA

PON2, Measured at A4R75 Normally 0V

WTFQ and T

P3

*QObserve unregulated voltages with an oscilioscope.

HP-IB comman (W) is isolated from microcomputer and power mesh/control board common ( ).
A4RB5 (PON 1) or A4R75 (PON 2) indicates low bias voltages. A problem with unregulated voitages on either side of isolation
will cause the PON signal on both sides to go low. The two PON signals communicate with each other through
photo-isolators A4U88 and A4US9. These signals protect the 6034A from trying to operate with low bias voltages.

The blue A4J2 and A4J5 jumpers should be removed to disconnect the bias voltages while troubleshooting the HP-IB or
microcomputer bias supplies. In this way the user can determine if the bias voltages are being pulled down by a short circuit.
To ensure that the bias supplies can operate under load, use the current values listed to select a resistor of the proper value to
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 foad.

Remember to reconnect the J2 and J5 jumpers after correct operation of the bias supplies has been verified.

A potential across
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Table 5-7. Power Mesh/Control Board Bias Voltages

(Al bias voltages measured at Control Board test fingers {A2P2) with respect to bias common
at pin 12 or at A2U1 heatsink. Table 5-8 lists semiconductor compaonents operating on each bias

supply.)
Bias Measurement Normal

Voitage Point Range Check these Components

+5 V Reg Pin 21 +475V to +5.25 V Check for presence of +5V Unreg (+12to +19V,
pin 16). ¥ absent, check A1T5 pins 7 and 9,
A1CR22-23, A1C35, AIR61, AIVRL. If present,
check A2{1.

+15V Reg Pin 20 +1410 V1o 1590 V Check for presence of +15 V Unreg (+19 V to
+31V, pin 11}, If absent, check A1T5 pins 6 and 10,
ATU3, A1C36. If present, check A2Q1, A2U2, A2R2-
R7, A2VRt, A2C3.

—-12 V Reg Pin 24 -1296Vto —11.4V Check for presence of —12 V Unreg (-19 V to
—31V, pin 8. If absent, check A1C37. If present
check A202, AZU3, AZR8-R11, A2C4.

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

+5V REG

A1U2
A204
A206
A20Q7
A2Q08
A209
A2Q14
A2U4
A2U5
A2U6
A2U7
A2U8

A2U9
AZ2U10

A2U12

+15 V REG -12V REG
A108B (+6.5 V) AZ2UN
AtUI(+145 V) A2U12
AZ2012 A2U13
A2013 A2U14
AZUN
A2U13
AZU14
+15 V UNREG -12 V UNREG
A2U2 A2U3
+5 V UNREG -8 V UNREG
Alon A106
A205 A1U5
A2
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i)
TESTS DISCONNELT COMPUTER AND .
OAD, TURN 50344 ON. J
BC IN, FAN,
BIASES TRACE POWER TG FAN,
CHECK FAN
T CHECK SETTING OF LIE 44 DISCONNECT HP-IB/MICRD-
VOLTAGE SELECT SWITCHES COMPUTER BIAS SUPPLIES :
AIS2 AND LINE VOLTAGE PLUG ON CENTER CHASSES.
JUMPER AIWI REPLACE FUSE REPLACE AIF2 AND TURN
AND GO TO SLOW START, POWER ON AGAIN.
FIGURE 5-1
60 TO POWER MESH/ CON-
TROL BOARD BIAS SUPPLES,
FIGURE 5-17.
{6} [ DISCONRECT HP-1B AND MICRO-
COMPUTER BIAS SUPPLY JUM-
PERS AdJS AND AAJ2. CHECK
4TI PRIMARY. REPLACE
AF2, RECONMELT PLUG, AND
TURN ON POWER AGAIN.
HEH REPLACE JUMPERS ONE AT A
TME T0 DETERMINE WHICH
BIAS SUPPLY IS OVERLDADED.
LOOK FOR BURNED OR HOT
COMPONENT.
(3
VOLTAGES LISTED
IN TABLES 5-5 AND'5-T.
@ s P01 [ FoLLOW BiAS GHECK. PROCE -
TOTGES, ok M0 DURE LISTED WITH THE BIAS
? TABLE, INCLUDING CHECK U~ i
REGULATED WALUES WITH AN g
0OSCILLOSCOPE.
YES
TURN-ON (5}
g THE 60344 AUTOMATICALLY
SELF-TEST | 1Ests SOME OF ITS CIRCURT-
oM
09
| SELF-TEST FAILURE 60 10
ROM DR RAM KERNEL TEST (FIG. 5-22)
REAL-TIME CLOCK | CLOCK TEST (FIG. 5-23)
G0 TO KERNEL TEST (FIG.
5-22)
TO SHEET 2

Figure 5-16. Main Troubleshooting Tree {Sheet 1 of 8}
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2]

FROM SHEET !

SWITCH UNIT INTQ SELF TEST
MODE. F ANY TEST F.glLS,
T

SWITCH UNIT TO LED TEST
MODE

FIG. 5-3%.

G0 TO SELF-TEST FAILURES

cC 8!
REFERENCE

CHECK THE LEDS N ERROR
AN THER ASSOCIATED OUT-
PUT PORTS. PORT SHOWLD GO
LOW TO TURN ON LED. IF 1T
DOES,LED 1S PROBABLY BAD,
IF 1T DOESN'T, DRIVER 1€ IS
PROBARLY BAD.

GO TO RPG TEST FIG 524,

@l

25)

CHECK METER CIRCUTS

(26}

CHECK {V REFERENCE (IR-
CUIT AND DAC. USE SA {FIG.
§-15) TO CHECK FIRST-AND
SECOND-RANK STORAGE

B
TO SHEET 3

CHECK CC REFERENCE CIRCUIT
AND DA USE S.AFIG 5-15)
TO CHECK FRST- AND SEC-
OND-RANK STORAGE

Figure 5-16.
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FRUM SHEET 2

TURN OFF POWER  CON-

200,
POWER
[25) f49)
GO T PULSE WIDTH MOD-

WITH THE RPG, AGJUST GO TOFRFE 5-25, (v
CIRCLAT. WLATOR FIG 5-20.

N}
LT

19 [T /PG, ADABT THE O]
(TP T0 06%
N TEST PONTS ON THE

CONNECT
TO T AND TP1B.

24

Figure 5-16. Main Troubleshooting Tree {Sheet 3 of 8}
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FROoWSIFET

]

o 1)
H5A
cﬁO“;E"FBME 3-26 CC %&M WITH 5
Ha
X MODE
o wa A7
e
VES

CHECK AAS WITH SA
PG 5-15

REPLACF sAUS2

TRAE raun-i QUTPUT TO
REPLACE Bal28. A5-12 HPUT

G0 10 FIGURE 5-28 BLEFD
CIRCUT.

CIRCINTS FOR
ACTURALY IF ERROR 15 ALY
SMALL

n2

TN I5G 10 £ 531 TO D -
uy SFILRE WHCH CORRESPONDS
Do AL "o 0 T FIRST SELF-TEST FAL:
TESTS PASS URE! NTERRUIPT STS, HE-B,
? %!$TE|'T
YES
To SHET 5

Figure 5-16.

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

ONTURN POWER OFF AND BACK

POWER SUPPLY
PROGRAMMING-
LISTEN
B: wrt TAS:F4@Y 18 QUTFUT 7A5 ;o P4ay G*
oo 283 END

3

iy
@ N 60 70 FIGURE 5-32 HP-1B
LISTEN TEST. _ i
YES o

POWER SUPPLY i) PROGRAM:
PROGRAMMMNG - ’
TALK

dinm
Wt
red
dzp

.
[hew]

16 QUTPUT 7Fas ;"T"
28 EMTER V@S ;i #A#
2B DISP A

48 EMND

o —

D) o
oo o It ey
5
i H
Hy —

(M CONTROLLER SHOULD DISPLAY
NAGO.200" [MAY VARY DE-
PENDING ON CALIBRATION
LOAD RESISTOR TOLERANCE,
ETC] TLK LED SHOULD BE ON.

(12}

NO GO TO FIGRE 5-33 HP-B
TALK TEST

@

YES

(9

ONTURNPOWEROFFAP{)BACK

TO SHEET 6 )

Figure 5-16. Main Troubleshooting Tree (Sheet 5 of 8)
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FROM SHEET &

POLL

)

1
B 0 T0 FIGURE 5-34 SERIAL
' POLL TEST

14)

12
B o 50 TO FIGKE 534 SERIAL
POLL TEST

PARALLFT 5| n
oL [ procram

71 +H 14 R=PPOLLCT>
F A 28 DISP A
26 EWND

17}

FEMOTE (9 rrocam

H: wrt VRS U1HY o QUTPUT 7as s uipy on
M 28 EMD

Lol
6034A (VP SHOULD TR¥ AND
OUTPUT SHOULD DRCP TO
&%

TO SEET 7

Figure 5-16. Main Troubleshooting Tree (Sheet 6 of 8)
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FROM SHEET 6
it ‘_)
) 0 40 T0 FIGURE 5-35 REMOTE
: OV TEST
YES
2 prccaam
B owrt 795, Tiksay i QUTRUT ?Pas ;i YUedl o K"
; R 28 EHD ’
(3
6034A QUTPUT SHOULD RE-
TURN TO ITS PREVIOUS
WLLE.
12}
mNo 50 TO FIGURE 5-36 REMOTE
(VP RESET TEST
YES
B [eress 1 aurron mu e
SHOULD GO OUT, USE RPG TO
SET OUTRUT 10 IV
(3 CHEDK L SWITEH, A3J4, AND i
& LY RED ANO BLACK WIRES FROM :
A3 TO Aa, (LCL SWITCH 15 CON :
NELTED TO HR-E SIDE OF 150- ]
LATION . :
TES :
DEVICE ] -
e PROGRAM:
A: clr 7 1@ CLERR 7 -
25 EHD
)
6034A OUTPUT SHOWLD GG TO
22 -G8V, DISARUED LED
SHOULD TURN OML
o)
o) o CHECK DC MOMITOR, FIGLRE
5-a5, ALSD A4U5-9, AUSO-
12, AHD A4UE5-2 (D¢ WPUTS)
S
RESET (o)
el PROGAM
CLEAR
R: wrt FES,ERT 16 QutTrRUT 745 ;U"RY
20 END
Q!’)
O SHET 8 )

Figure 5-16. Main Troubleshooting Tree [Sheet 7 of 8)
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FROM SHEET 7
) 6034A OUTPUT SHOULD
RETURN TO ITS PREVIOUS
VALUE.
NO CHECK DC MONITOR, FIG.5-45,
A4U50-12.
YES
DEVCE (11 PROGRAM:
TRIGGER AM
@: wrt TAS.TPLYT 1@ QUTRIT Va5 :"PSW
28 END
{2)
6034A OUTPUT SHOULD NOT
(3] ProGRAM:
g: tra VA5 14 TEIGGER 7Ta%
29 EHND
y
14)
60344 QUTPUT SHOULD 50
70 5V.
9}
15) NO CHECK DT MONITOR, FIGURE
5-46, ALSO MUS-8, U501,
AND A4UE5-3 (T NPUTS).
YES
IFC 61 [ProcRam
A: cli 7 19 REORTIO V
2@ EMD
ol
M_~sniep N CHECK A4US2-3 AND AQUS-38
GOES OUT? FOR IFC SIGNAL.
YES
(8)
CHECK CALIBRATION,

Figure 5-16.

Main Troubleshooting Tree {Sheet 8 of 8)
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()

‘ START ’

DISCONNECT AICRI, CR2, CR3,
AND CR4 FROM POWER MESH]
REMOVE AZ CONTROL BOARD.
REPLACE AIF? AND TURN
UNIT ON.

(3}

NOTE:

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

BOARD BIAS SUPPLY.

)
CHECK AlQII, AIT3, AIT4,

AND_ASSCCIATED COMPO~
NENTS

(5}

CHECK AIQE AND ASSQOCIA-
TED COMPONENTS

"6 )| DISCONNECT AlQI1 FROM
YES POWER MESH,CHECK AIRGI
AND AIVRS, REPLACE AIF2
AND TURN UNIT ON.
REINSTALL A2 CONTROL
BOARD. DISCONNECT A2Q1
FROM CONTROL BOARD AND
TURN UNIT ON.
I CHECK A201 AND ALL CIR- B meconnECT aian aND Di-
CUITS OPERATING ON H5V L oM FONER
REG (NOTE 1) :
TURN UNIT ON.
RECONNECT A2Q! AND DIS~
CONNECT A2Q2 FROM CON-
TROL BOARD. REPLACE AIF2
AND TURN UNIT ON.
20)

(N

RECONNECT A2Q2 AND DIS-
CONNECT A2UI FROM CON-
TROL BOARD. REPLACE AIF2
AND TURN UNIT ON.

i9)

{10}

(1}

) CHECK A2Q2 AND ALL CIR-

CUITS OPERATING ON -i2v
REG (NOTE I

: CHECK A2U1 AND ALL CIR-

CUITS OPERATING ON +5V
REG (NOTE D)

RECONNECT A2UI, REPLACE
AIF2, CHECK A2C2 AND AIRGL
CHECK PC.BOARDS CAREFULH
LY FOR SHORTS BETWEEN
CIRCUITS.

CHECK COMPONENTS OPER-
ATING ON UNRESULATED
BIAS SUPPLIES {NOTE I,
BIAS TRANSFORMER AND
ASSOCIATED COMPONENTS,
AND FAN

RECONNECT AICR), CR2, CR3,
CR4

b

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 aill other com
ponents provided in FET Ser
vice Kit, HP Part No
5080-1953.

' START ’

WITH POWER OFF, REPLACE
AKQ3, AlG4, AIRH4, AIR2T, AKRI2,
ACRI), AIRIS, AIRZ3, ARG,
AIRE3

h

CHECK OTHER COMPONENTS
IN VICINITY OF AlRi4 AND
AIR2I, INCLUDING WIRES TO
AITSI, FOR PHYSICAL DAMAGE]

r

REMOVE AIQ! AND AIG2

Y

REPLACE A1 AND AWQ2
ACCORDING TO INSTRUCTIONS;
IN NOTE |

GO TO FIGURE 5-19,POWER
MESH SLOW TURN-ON

Note:

1.

Handle FETs with care when out of circuit. Use a grounding strap 1o
avoid static discharge into gate. Avoid touching the gate or source pins.
Do rot clip the leads 100 short when replacing FETs; they make gocd
test points. Be certain ta replace all washers, spacers, etc. Use a small
amount of heat sink compound on both sides of mica insulator when
replacing FETs. Do not use any heat sink compound containing silicone,
An organic zine oxide cream, such as American OH and Supply Company
Heat Sink Compound #100, is recommended.

1o

NUTS
- = LOCKWASHERS
L.%} "

——————————— MICA INSULATOR
1 HEAT SINK

=———————1 T03 INSULATOR
PLASTIC WASHERS

” ﬂ THREADED STUCS

k r PC.BOARD

i

Figure 5-18.

FET Replacement
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Notes:
1. See Table 5-1 for recommended model.
2. Use a dc power supply variable from O to at least 40 volts, with current limit set between 0.5 A and 2 A. The easiest place )
to connect the external supply is to the two thermistors, RT1 and RT2, on the power mesh. Make connection to the posts ’
10 which thermistors are soldered; do not make connections directly to the thermistor leads. Connect the + output of the
external supplys to either post of RT1 Iclose to side of unit). Connect the — output of the external supply 10 either post of
RT2 (closer to center of unit).
3. AC input voftage at which Level Detector trips;
= 70 V for nominat 100 VAC
= 84 V for nominai 120 VAC

=154 V for nominal 220 VAC
=168 V for nominal 240 VAC

(n

DISCONNECT AICR1, CR2,CR3,
CR4 FROM MAIN BOARD

(2) ‘

CONNECT 6024A AC INPUT
TO VARIABLE AUTOTRANS-
FORMER SET TO NOMINAL
LINE VOLTAGE (NOTE I}

(3} l

CONNECT AN EXTERNAL OC
POWER SUPPLY TO THE HIGH-
YOLTAGE RAILS (NOTE 2).
SET EXTERNAL POWER SUP-
PLY QUTPUT TO ZERO VOLTS,
TURN ON 6024A.

AlQI AND AIQ2 VGS
WAVEFORMS 0K 7 [5]

TRACE ON AND OFF SIGNALS
THRU DRIVER COMPONENTS,
REPLACE COMPONENTS
WHERE SIGNALS DISAPPEAR

Iy

SLOWLY INCREASE QUTRUT
25' EXTERNAL SUPPLY TO
v

AIQl AND AIQ2 VDS
WAVEFORMS OK ¢ (6]

CONNECT A SHORT FROM
A2U4B-7 {+HNP) TO BIAS
COMMON (A2U| HEAT SINK}

A2048-|
(OUT!? LOW

YES

{15)

REPLACE A2U4

PEAK OF WAVEFORM [ 7] LOWER
THAN [T WAS FOUR STEPS PREVIOUSLY 7

{16)
NO

YES

REPLACE A2U7

117

{18) ‘

CHECK FOR CONTINUITY IN
AITI PRIMARY, AIT2 PRIMARY
{WIRE LOOP). CHECK FOR
SHORTS IN SNUBBER CIR-
CUITS (AIRIZ, R11, CR?, CB, RIS,
CRB, RIB, C3) AND FLYBACK
DIODES (AICRS, CR6). CHECK
gRIBR)EPLACE FETs (FIGURE

REMOVE SHORT FROM
A2U4B-7

(19} +

MONITOR +5V UNREG AT
A2P2-16 WITH DVM. MONITOR
PWM ON"PULSES AT A2P2-17.
TURN AC INPUT VOLTAGE
DOWN TO ZERO AND THEN
GRADUALLY INCREASE IT

{10}

CHECK A2RII8, RIT, CR25,
AIT2 SECONDARY, AICRI3,
AITI SECONDARY

{12)

{201
ND

YES
(22)

AZP2-17 REMAINS LOW UNTIL
+5v UNREG REACHES

46V TOR HIOV 7

(NOTE 3}

GO TO FIGURE 5-30 BIAS
VOLTAGE DETECTOR / AC

DROPOUT DETECTOR

CHECK A2U4B, A2R53,R54,
R47

RECONNECT AICRI|~CR4 AND
DISCONNECT AUTOTRANS-
FORMER

23 +

G0 TO FIGURE 5-16, MAIN
TROUBLESHOOQTING TREE

121

Figure 5-19. Power Mesh Slow Turn On
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A

START
320 HHr SIGNAL AT
K067 7113
7 (7 1z 180 cuEck AND/OR REPLACE
“ - | S (iR SGYES AZCI2, AZCI, A2Y| IF
AZ)6.7? = PROSLEM CONTINUES, RE-
PLACE 4206
Yes YEs NO
18} t13)
CHECK 22012, A2C13, CHECK AZRAS, AZR4E IF
azi OK, REPLACE A28
20KHz SIGNAL
AT A2P3-237
L2131
{2} wo [ repcace azus w pros-

LEM CONTWUES, REPLACE
A2U3

YES PWM QUTPUT
SIGNAL AT AZU98-9 7
ra

¢l

. i
3] N CHECK AZUT INPUTS AT 181" ppvy
ANS |, 2,3, 4,5 910, 4 INPUTS LOW REPLACE A2U7 ;
anD 13 '\7 ;
YES YES
# comect oscuroscot 21
REPLACE A
TO AZP2-1T AND A2P2-18 114 o1 LAGE AZ2U9
TRACE 20KHz FROM A2\5-8
LA2P2 ~23) 22)
PIN S |60 TO FIGURE 5-49 CONTROL
o VOLTAGE COMPARATOR
CHECK A2U2, A2UB, AND IF PINS 3,4, AND 5 ARE aLL|, PN 2
A2U10 HIGH, REPLACE A2UT 3}
PN 9 |60 TO FIGURE 5-27 OYP
%) CIRCUIT
CHECX FOR BROKER DR PIN 3
16) SHORTED CIRCUITS ON PC o
BOARD
G0 TO FIGURE 5-16, MAIN PHI0 | 60 T FIGURE 5-30 BIAS
TROUBLESHOOTING TREE #{ VOLTAGE DETECTOR/ AC
) PN DROPOUT DETECTOR
GO TO FIGURE 5- 48, Ip
LIMIT 125)
PINTI | cHEck aiTs), Azoa,
CONNECTING CIRCUITS
(26}
PIN I3 1 IF PINS 9, 10, AND 11 ARE
"] ALL HiGH, REPLACE A2u7

Figure b-20. Pulse Width Modulator

4T
[
i
i
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NOTE: Waveforms taken with 200-ohm 1¢-watt resistor connected across output terminals, output voltage and current set to midrange,
and OVP ADJUST set to maximum (fully CW}. Except for waveforms 5 and 6, oscilloscope probe is grounded at AZUT heat sink.

Waveforms 5, 6, and 7 are taken with reduced voltage on 6034A input rails (see Figure 5-19, note 2}.

CAUTION

Turn power off while connecting or disconnecting test equipment from 6034A.

C1] - [s3]
A2U6-7 A1Q1 VGS
[ 320kHz CLOCK AIQ2 Vgs
| I 0.6/ DIVISION I 10,5 / DIVISION
/ | 1v/DIVISION 5V/DIVISION
|
C2] Ce)
Tp2s 1 Vo
20kHz GLOCK 1045/ BIVISION
:efglc?slwsnou t 10V / DIVISION
ION
I
I 1
TITT
3] = =‘ C7] R
' — A2U4B-6
A2U9-9 , .
r PWM OUTPUT L AN Ip SENSE
10uS/DIVISION N\ . N | 10uS/DIVISION
1/ DIVISION N [r 0.05V/DIVISION
T T
|
(4]
TP17
ON PULSE
104 S/DIVISION
2V/DiVISION
TP 8
OFF PULSE
1045 /DIVISION
2V / DIVISION
Figure 5-21. Power Mesh/Control Board Waveforms

5-36




ENTER INTO THIS PROCEDURE
EITHER BECAUSE ALL LEDS COME
ON AT POWER-CN, OR ROM GR RAM
SELF-TEST FAILS

3]

NOTE:

USE ONLY A 1001, 1O MEG PROBE
TO OBSERVE WAVEFORMS

CHECK @3 WAVEFORM
{A4U2T-21) WITH
OSCILLOSCOPE .

L) r 5v/DIV

6]

CHECK A4YI WAVEFORM W/ 1

ACROSS A4(I9 WITH - T

OSCILLOSCOPE.

I R |

ACROSS A4CI9

3)

SET JUMPERS TO FREE RUN
MODE. (SEE FIG. 5-11}
USING FIG. 5-12, TAKE
SIGNATURES IN THE
FOLLOWING ORDER:

MICROPROCESSOR (U2T}
SECTION
DB-07
DBIN, MEMEN, WE
AG - 413
MEMORY CHIP SELECT DECO-
DERS {U22)
RCM INPUTS
RAM INPUTS

4) ¥

IF 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.

5]

IF ONLY THE RAM SELF
TEST FAILED AND THE
ABOVE PROCEDURE DID NOT
!SOLATE THE FAULTS

oK ?

8)

ABQOVE
WAVEFORM

100 NANQSEC/DIV

ISv/DIvV
9)

@3 (FRCM TP4 TO TP2)

L _I Ll I 1 100 NANOSEC/ DIV

AGUZT.

CHECK A4YI1, A4C8,
A4CI9. IF OK, CHECK

CHECK
Adu2r

CHECK RAM.
Figure 5-22. Kernel Test
I IF THE REAL TIME CLGCK
SELF TEST FAILS, CHECK:
o CR9
(7 L) FOR SQUARE WAVE AT THE
COLLECTOR OF A3Q8.
A4 5y 2) A3UI5 AND ITS ADDRESSING
[WITH SA IN THE FREE-RUN
S-al MODE) USING FIG. 5-12.
> RIGZ
a3 5.01K
) uIs-4
RIS9 I#0 INPUT PORT
10K
o]
CRI2

Figure 5-23. Clock Test
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ALL POINTS TESTED ARE
ON FRONT - PANEL ASS'Y A3

5)

CHECK A3uLib
WITH S.A.FIG. 5-15

TRACE A3UI5-3 INPUT
‘BACK TO A4US -7, WHICH
SHOULD BE LOW WITH

UNIT IN LOCAL.

2)

PULSES
AT US-3 WHILE
RPG 1S BEING

TURKED

us-5

ONLY HIGH

WHILE RPG |5

BEING TURNED
?

CHECK U5 AND
THE CLEAR

RPG 1/0 QUTPUT
AT V14 -7

CHECK
THE RPG

10}

3)

us -8

HIGH WHEN

RPG TURNED CW,

AND LOW WHEN RPG

TURNED CCW
?

YES 1 l

LODK FOR TWO SQUARE
WAVES WHICH ARE OFFSET
AND OUTPUTS (WITH 90* DEPENDING ON THE
SA} U14-7,U6 -4, DIRECTION OF ROTATION,THE
Ue - 13 SECOND SIGMAL HAS A

= LEADING EDGE DURING EITHER

THE HIGH OR LOW FORTION

OF THE FIRST ONE.

OBSERVE BOTH RPG
OUTPUTS WITH & DUAL -
TRACE SCOPE WHILE
TURNING RPG CW

4}

CHECK 18 INPUTS

CHECK
THE RPG

12) m
NG GHEGK
RPG
YES
13)
CHECK US AND THE
ASSOCIATED 1/0
INPUTS AND QUTPUTS
wia-7,U6-14,U6-15)
+5v
u ||
)
WHT/RED F
+5v us
UTPUT ADMJST o FF |e ROTATED_ (j5.44
WHT/ BLR/RED
RPG ul e
U’“ )
WHT/ BLK/BRN ] R h&  ne
10
GY I g 5 8 S e
MOUNTED wl.
ON FRONT
CHASSIS | | L 245
13 m
Lt g hs CLOOKOWISE | e s

U1 7 RESET PG - ROTATED CECODER

Figure 5-24. RPQG Test
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@2}

NOTE: CV REFERENCE 1S MEASURED BETWEEN TP1
AND -5 TEST POINTS ON FRONT PANEL ASS'Y
A3, AND IS CONTROLLED BY RPG.

1]

(WHETHER CORRECT
OR NOT)?

TO LOWHI2V) AS ¢V
REFERENCE VARIES FROM
ZERQ TO MAX
?

AZUI4A-1 [QUTPUT) |NO 2l

FLIPS FROM
—I2V TO+I5V?

TRACE SIGNAL THROUGH
A2Ui3 AND A2UI4A. AMPL|~
FIER OUTPUT SHOULD BE
HIGH WHEN +INP 1S MORE
POSITIVE. THAN -INP IF NOT)
CHECK INPUT COMPONENTS,
AMPLIFIER, AND QUTPUT
COMPONENTS TO END OF
LOOP.

G0 TO FIGURE 5-16, MAIN
TROUBLESHOOTING TREE

{54

{7
CHECK A2U13 AND ASSOC-
IATED COMPONENTS

SET CV REFERENCE TO
ZERQ

CHECK AZUI4A AND ASSOC-
IATED COMPONENTS

8 _~pauiz-2

(+INF < OV ?

CHECK A2R50, AZCRIB,
Az2ulz

YES a2012-3 (-Inp)
A POSITIVE -

GOING RAMP?
it

CHECK A2RI23, A2C35,
AZR40, A2R52

1)) |
{10} £

REPLACE A2UI2

(11}

REPLACE A207

Figure 5-25.
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NOTE : CC REFERENCE IS MEASURED BETWEEN
TP3 AND W ONM FRONT PANEL ASS'Y

A3, AND 1B

ANY QUTPUT
CURRENT {WHETHER
CORRECT OR
NOT)7

2)

CONTRCLLED BY RPG.

6]

SET CC REFERENCE
{TP3 TO ©0BS) TO
O VOLTS WITH RPG

SET CC REFERENCE
[TP3-0BS) TO 2.5V
WITH RPG.

3} A2UIIB=-T7
A POSITIVE

VOLTAGE

n

CHECK VOLTAGE
DIVIDERS IN
AZUIIB INPUT
CIRCUITS.

TRACE SIGNAL THROUGH
AZUIID, U4B, UKC, OP
AMP QUTPUT SHOULD
BE HIGH WHEN + INPUT
15 MORE POSITIVE THAN
= INPUT. IF NOT, CHECK
INPUT COMPONENTS,
AMPLIFIER AND QUT-
PUT COMPQNENTS TO
END OF LOOP.

5) [

GO TO FIGURE 5-16
MAIN TROUBLE —
SHOOTING TREE

A2U110-4 FLIPS FROM
HIGH {=+15¥) TG LOW NO
{=—12v} AS CC REF. IS
VARIED NEAR 0 VOLTS

OUTPUTS OF
SUCEEDING

OF. AMPS IN
LOOP FLIP

10)

SET CC REFERENCE
{TP3 TO OB} TO O
VOLTS WITH THE RPG

AzZuiz-2
< 0 VOLTS

CHECK
AZUI2

15)

CHECK Az2ul

16)

CHECK AMPLIFIERS
AND ASSOCIATED
COMPONENTS

17}

CHECK ARZRSQ
CRI9, Ui2

18)

CHECK A2Ri123,
€35, R40, RS2

19}

CHECK A2UT

Figure 5-26. €C Circuit
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{1}

TURN QVP ADJUST FULLY COUNTER CLOCKWISE
INCREASE QUTPUT VOLTAGE ABCVE 2V

(4}

(10}

ove
LEDODN

PRESS THE QWP DISPLAY
BUTTON AND READ THE
VALUE DISPLAYED

{32}

{3
ouTPUT t
CHECK ! HO | CHECK A3R42,
Az UT VOLTAGE% 05V RIS7, RI54
133
TURN QVP ADUST
FULLY CW. TURN EXAMINE THE INPUTS 1401
LINE SWITCH OFF -8 OF AUL THE PCSITIVE
FOR AT LEAST { Wity SN INPUT (10} SHOULD GO (NTO A MODE AND
e ? s e || S
“ NEGATIVE INPUT {11-9) USING FIGURE 5.15,

{34

CHECK INVERTER A4
U26-13,12 AND ALSO
CHECK CONNECTIONS
AND BOARD SEATING
AS SIGNAL GOES FROM
THE Al BD TG THE A2
BD TO THE A3 BD.

(42)

CHECK A:0%2,
C3}, R54,R4T7

GO INTO SA MODE
AND CHECK v
INPUT PGRT (A3
UI5-14} USING
FIGURE 5-15

TURN UP QUTPUT
TO 60 VOLTS.

(26) (43}

CHECK THE DISABLE SW\TCH
(A3Q4,05) AND THE DISABLE
QUTPUT PORT AJUMK-4 LM-4
SHOULD BE HIGH. iF NOT,
CHECKX ADDRESSING AND
Ul4 WITH FIGURE 5-15.
RECONNECT CABLE.

TURN 6034A POWER OFF
THEN DISCONNECT CABLE
NO FROM CONTROL BOARD
(A2} WHICH COMES FROM
THE FRONT PANEL BOARD
A3), TURN POWER BACK
ON, OBSERVE LEVEL AT
J2-15, THE CABLE CONN.

AlU-8
HGHQH 12v}

@ VP

LED OFF
?

(9]

60 TO FIGURE 5-16 CHECK AIQ9, THEN
MAIN TROUBLE- RECONNECT CABLE

SHOOTING TREE

{44)

GHECK A4VRI,
R3, R2, R4

(i

TURN UNIT OFF, THEN
QBSERVE THE QUTPUT
OF THE 6034A WiTH AN
QSCiLLOSCOPE WHILE
TURRING UNT BACK ON

CHECK A3CR3, U6

CHECK AlUI, RS,
R43, RI53,R154,RI57

R47,{31,CR29

(19}

g';‘LEItCK SET OUTPUT VOLTAGE “n RESQLDER
TG 30 VOLTS. A3CAZ

THE OVP CIRCUIT PROBABLY
WORKS, BUT THE GUTPUT IS
RISING UNCONTROLLABLY ON
TURN-OM USING THE SLOW
STARY SET-UP {FIGURE 5-19),
CHECK THE CV AND CC LOOPS
IN THE POWER MESH. AT LOW
BUS VOLTAGE {20V) THE OvP
CIRCUIT CAN BE DISABLED BY
SHORTING BASE TO EMITTER
OF AI-Q9.

RE SCLDER A3-CR2
GO TOFIGURE 5-35
REMOTE OvP

T

Figure 5-27. Local OVP Circuit
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START

£2-8V AVAILABLE
ACROSS AIC397?

PINS 11 AND 13

CHECK AIC39, AlU4, AITS

AlR42, AIUSA

f CHECK AIVRI, AlR44, AiR43

CHECK A6, AIR3T, AILS

(4}

CHECK AIg6

Figure 5-28.

Bleed Circuit

ADJUST RPG FOR 0.5V CV
REFERENCE (MEASURED BE-
TWEEN TPl AND-S TEST
POINTS ON FRONT PANEL

ASSY A3)

' @ to}
L CHECK AIQS, AIQI0
) YES

13

WEASURE VOLTAGE ACROSS
AIR3S

SHORT AICR28 ANDDE TO
BIAS COMMON L-SIDE OF
AIC40)

GO TO FIGURE 5-16, MAN
TROUBLESHOOTNG TREE

12)

T cHECK AIUIA AND INPUT
COMPONENTS

CHECK ASUID AND INPUT
COMPONENTS

AIID-14
(OUTl? <V

CHECK AIVR4, R46, R4S,
R30

CHECK AIUIA AND INPUT
COMPONENTS

AIR35 VOLTAGE GOES TO
OV t=7 SECONDS AFTER
AICR28 ANODE 1S GRCUNDED 7

Figure 5-29.
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{ START ’

CONNECT 6024 AC INPUT TO
VARIABLE AUTOTRANSFOR-
MER IF NOT ALREADY SO
CONNECTED {NOTE 1)

()] MONITOR +5Y UNREG AT A2P2 Notes:
DOES A2Q6 COLLECTOR 60
—16 WITH VM GRADALL; TO AND REMAIN 2 2V UNTIL 1. See Table 5-1 for recommended model.
TgERE";SOEdA;E%PUTg r:ghm- ;g&lﬁggﬁﬁacgggﬁassv 2. AC input voliage st which Bias Voliage Detector trips:
AL LINE VOLTAGE <04y ? (ﬁo‘m 2 = 70V for nominal 100VAC

84V for nominal 120VAC
154V for nominal 220VAC
= 168V for nominal 240VAC

[

i

)

CHECK A2Q5, A2086, A2Q7,
A2Q14, AZVR2 AND ASSOC-
1ATED COMPONENTS

(14) b7
YES REPLACE A2Qi4 WITH
REMOVE A2Qi4 | NEW COMPONENT
YES NO
(8 {15)
cong%ﬂ A SHORT ACROSS REINSTALL AZQl4, REPLACE
AlRI A2U4 AND A2U7
r

A2U4C-B NP} MORE NEGA-
TIVE THAN A2U4C-9(+INP)?

(8]

€l A2l

SHORTED
U

REMOVE SHORT FROM
A2R126, REPLACE AZCH

K] {13
iﬁ;!ggE SHORT FROM REMOVE SHORT FROM A2RI2E, REPLACE A2U4

B |F THIS TREE WAS ENTERED
FROM FIGURE 5- 19, POWER
MESH SLOW TURN ON, RE-
CONNECT AICRI-CR4 AND
quggONNECT AUTOTRANSFOR{

M 50 70 FIGURE 5-16, MAIN

TROUBLESHOOTING TREE

Figure 5-30. Bias Voltage/AC Dropout Detector
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INTERRUPTS TEST

A4USH
23—
l A4US2
AdU74-5 IMER 3. 2 TIMER nl, ‘
__ _ 3 T2 ) 4e7-22
page £ BB 8] 7 FE 2|,
. 7 INT1
PR, o LA auer-o3
vaaqg PESH o PwRWESH |, .
__ - R N2 sauz7-24
A4QIA-C 5] ! A1,
LaTcH ol BT
PRIORITY
v ENCODER
™6 TP

When an interrupt condition occurs, it is latched into A4U51. A code corresponding to the highest priority active inter-
rupt appears at the output of A4U52, which is connected to the interrupt inputs of the microprocessor (A4U27}.

If a self test interrupt error occurs, check the lines entering A4U51. If a higher priority interrupt is stuck on, no lower
priority interrupt can occur; therefore, the real problem may not be the one indicated by the self test. When self test
stops on an interrupt error, the error state should continue to exist, so it can be examined. If the inputs to A4U51
are as expected according to the chart below, check A4UB1, A4U52, and A4U27 {fow probability that microprocessor
AAU27 failure would lead user to this area).

INTERRUPT INPUTS INTERRUPT OUTPUTS
Type of Interrupt ust13 U521 us1-11 Us1-6 Us1-3 USZ6 INTE | U527 INT1 | U529 INTZ

{Highest Priarity) PON2 3 X X X X t L t
Sig. Anal. H t X X X L H H

Pwr. Mesh H H | L X X H L L
HP-IB H H H L X H L H

Timer H H H H L H H L

Nore H H H H H H H H

If an input to A4U5% 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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FNT #t POWER MESH INTERRUPT DD NOT OCCUR

{1l

YES

2
CHECK A4QUS!, A4USZ, AND
A4U2T.

(3

TRACE TV, CC, AND OV TO
POWER MESH. NTERRUPT EN-
ABLE (A4U44-5) AND LATCH
AND RFSET {A4Ut2-1) CAN BE
CHECKED WITH S.A. FIGURE 5-
15, CHECK INTERRUPT ENABLE
AT A2 AND RESET AT
A4U29-12.

LT #3 TMER INTERRUPT D0 NOT OCCUR

0

SWITCH UNIT TO SIGNATURE
ANALYSIS MODE.

@[ cHECK FOR THIS WAVEFORM
AT AQUT4-5

0 [ P B

|t | 50ms|
05ms< t<3ms
61
NO
YES

@[ pETURN TO SELF TEST
MODE AND CHECK AUSI,
A4US2, AND A4U2T.

{5}

CHECK TIMER TRIGGER AT
A3U14-9 WITH SA, FIG5-15.
CHELCK ONE-SHOT A3UT4.

FBULT %4 POWER MESH INTERRUFT WiLL NOT CLEAR

{3)

CHECK A3UI3-2 WITH S.A.
FIGURE 5-15.

{2)
CHECK A4U51, A4US2, AND
AAU2T.

CHECK AdUi44.

FUAT #5 WTERRUET OCCURRED WHEN IT SHOULD NOT

BE CERTAN 1SOLATED COM-
MONS ARE SHORTED TOGETH-
ER (A4TP1 TO A4TPZ OR
MTP3)

{4)

{5

(7}

m

@

SWITCH UNIT TO SIGNATURE
ANALYSIS MODE.

USING FIG.5-47, CHECK Sio-
NATURES AT A4U6B-5 AND
A4UEB-6.

&)

YES

RETURN TO MAIN TROUBLE-
SHOOTNG TREE, FIG 5-16
AT HP-IB SECTION.

o)

CHECK A4USI, AdUS2, AND
A4U27.

CHECK AdUSH, A4QIS

USE S.A. TO TRACE INPUTS
ACROSS ISOLATION. NOTE

THAT TEST SET-UP CHANGES
AT ISOLATION.

FUET #5 TIMER INTERRUPT TIHING HWRONG

SWITCH UNIT TO SIGNATURE
ANALYSIS MODE.

CHECK WAVEFORM AT A4U4-5
{SEE FALLT #3 ABOVE). IF

INCORRECT, CHECK AAUT74,
A4RZ6, MCHI.

Figure 5-31.

Self Test Failures [(Sheet 2 of 3)




POWER MESH MODE TEST

S B]

{2}

(3}

ENSURE THAT THERE 1S NO

4}

LOAD ON 6034A.
PROGRAM’
d:owrt VESY ML 16 OUTPUT 785 "Ml &°
5 2R END
A3UI3-6 SHOULD BE LOW.
A
PROGRAM
B wrt YRS, "MZ 12 QUTRAT 765 "M G°

28 END

i8]

A3H3-T SHOULD BE LOW

)]

(54

8)

IF EITHER Mi OR M2 1S N
ERROR, USE 5.A. (FIG. 5-15}
TO TRACE SIGNALS
TOWARD A4UZT

UNIT CAN BE PUT INTQ CV
MODE BY PROGRAMMING AN
OUTPUT VOLTAGE WITH OUT-
PUT TERMINALS OPEN CIR-
CUITED, OR INTO OC MODE
WITH QUTPUT TERMINALS
SHORT CIRCUITED CHECK
A4UZ AND A4UN INPUTS
AND QUTPUTS.

USE S.A. (FIG 5-15} TO
CHECK A3UIS INPUTS

READBACK COMPARATORS TEST

REFERENCES CAN BE CONTROLLED WITH RPG, OUTPUT CAN BE
VARIED FROM OPEN TO SHORT CIRCUIT. OCUTPUT OF COMPARATOR
SHOULD BE HIGH WHEN NON-INVERTING INPUT (+)} IS MORE
POSITIVE THAN INVERTING INPUT (-1}

FAULT #1

CHECK A3U1t AND ASSOCIATED COMPONENTS. USE 5.A. (FIG 5-15)
TO CHECK A3U15.

FAULTS #3 and 4

CHECK A3U8 AND ASSOCIATED COMPONENTS. USE S.A. {FIG 5-15)
TO CHECK A3US6.

OVP TEST
GO TO FIGURE 5-35

HP-IB TEST
GO TO FIGURE 5-38

Figure 5-31. Self Test Failures {Sheet 3 of 3)
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m

TURN POWER OFF AND BACK
ON

@

{3t

CHECK LED DRIVER A3UI2
ANC ASSOCIATED CIRCUITS,

CHECK LED DRIVER A3
| AND ASSOCIATED CIRCUITS.

@

1
2

7|
5]

QUTFUT

a5

EHD

rpagy

Gll

(6)

4]

CHECK ATN TRANSCEIVER (FIG
5-37). IF DK, CHECK CRCUITS
#3467 IN ACOOMPANYING
LIST

1))

(14

s

TRACE REMOTE SIGNAL
ACROSS ISOLATION (A4U37-2
SHOULD BE LOW, AQU3T-4

HIGH) TO AJUIS-3{HIGH). IF

OK, USE S.A. {FIG.5-15) TO
CHECK ASUMS ADDRESSING.

13)

CHECK OPTOCOUPLER A4qU35

CHECK CIRCIATS #2-5, 788
N ACCOMPANYING LIST.

{18)

CHECK TRANCEIVERS (FI1G. 5-
371 IF ALL OK, CHECK A4US,

CHECK TRANCENVERS {FYG 5-
37) AND A4DSH IF ALL OK,
CHECK AQUS,

CHECK LED DRIVER A3U3
AND ASSOCIATED CIRCUITS.

Figure 5-32. HP-IB Listen Tests (Sheet 1 of 2)
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THE FOLLOWING CIRCUITS SHOULD BE CHECKED IN LISTED ORDER. AFTER ANY REPAIR, RETURN TO 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 (A4U5), AND THAT 3-WIRE HANDSHAKE
WORKS.

2. DEVICE CLEAR

PROGRAM:
g: clr ¥ 18 CLERR 7
1: 9to B 2R GOTO (@

FE END

CHECK FOR POSITIVE PULSES AT A4U71-3 AND NEGATIVE PULSES AT A4U71-4.
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 I/O INPUT A3U15-3.

6. LISTEN HANDSHAKE/RECEIVE MONITOR SEE FIGURE 5-41.
7. MULTIPLEXERS AND DATA SHIFTER/OUTPUT BUFFER CIRCUITS SEE FIGURE 5-42.
8. IFABOVE CIRCUITS ALL CHECK OUT, CHECK CRUIN RELATED COMPONENTS IN MICROCOMPUTER SECTION.

Figure 5-32. HP-IB Listen Tests (Sheet 2 of 2)
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6]

A4DS2
{INTERNAL
TALK LED)
ON
?

CHECK TRANSCEIVERS
(FIGS-37) AND A4DS2.
IF ALL OK, CHECK A4US5.

2}

CHECK CIRCUITS # |- 4,
6,7 IN ACCOMPANYING
LiST,

CHECK OPTOCOUPLER
A4U38

3)

CHECK CIRCUITS #2-7
IN ACCOMPANYING LIST

THE FOLLOWING TESTS SHOULD BE DONE ONLY IF THE LISTEN FUNCTION

WORKS PROPERLY. AFTER ANY REPAIR, RETURN TO TALK TEST SECTION OF

MAIN TREE. IF THE SYSTEM IS HUNG UP, TESTS 6 AND 7 MAY INDICATE STUCK
HANDSHAKE LINES, NOTE THAT IF CHI{A4US5) IS CORRECTLY DECODING TALK
COMMANDS, A4DS2 WILL REFLECT TALK STATE REGARDLESS OF FRONT - PANEL TLK LED.

I. TALK MOMITOR SEE FIGURE 5 - 40
2. TRANSMIT ENABLE MONITOR SEE FIGURE 5 -40¢

3. HP -IB INTERRUPT LOOP SEE FIGURE 5-38
USING THE PROGRAMS LISTED IN FIGURE 5 -40, CHECK THAT AN INTERRUPT
OCCURS 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/OUTPUT BUFFER CIRCUITS SEE FIGURE 5-42

7. TRANSCEIVERS SEE FIGURE 5-37

Figure 5-33. HP-IB 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 OF MAIN TREE.

1. SRQ TRANSCEIVER SEE FIGURE 5-37.
IT IS NECESSARY ONLY TO CHECK SRQ TRANSCEIVER

2. S.P.T.E. MONITOR SEE 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. LOAD/SHIFT PROTECTION SEE FIGURE 5-39.
USE THE S.P.T.E. MONITOR PROGRAM LISTED IN FIGURE 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

]

PROGRAM :

B: wrt TAS, "L 1 QUTPUT 7a

14 5
28 EMD

i
e
=
b
e
LN

AR T .
[NENENRN] -
TR

WHERE XX.XXX IS THE SOFT VOLTAGE LIMIT |
THE REMOTELY PROGRAMMED QVP LEVEL IS 2V +1.04
TIMES THE SOFT VOLTAGE LIMIT.

2) )

MONITOR THE REMOTE OVP REFERENCE
AMPLIFIER (A3U4) OUTPUT AT A3TP6.
THE VOLTAGE AT A3TP6 SHOULD BE

i/10 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.) Y

MONITOR A3TP6 WHILE VARYING
OVP FULL SCALE ADJUST A3R42.
IF ASTP6 DOES NOT VARY, CHECK
AMPLIFIER A3U4 AND ASSOCIATED
COMPONENTS.

5) 1]

THE LOWER OF TWO OVP REFERENCE
VOLTAGES (LOCAL OR REMOTE)
CONTROLS OVP. TO FORCE CONTROL
7O LOCAL OVP, REMOVE A3CRZ.

TO FORGE CONTROL TO REMOTE OVP,
REMOVE A3CR3. REMEMBER TO
REPLACE COMPONENTS AFTER
TROUBLESHOOTING.

Figure 5-35. Remote OVP Test
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i}

PROGRAM :
@ wrt 785, "F&EY 18 DUTRUT 785 ;"FPoay dzay G
Legyis™ za EMD

mo

6034A SHOULD BE OVERVOLTAGE MOCE

3) Y
USING A LOGIC PROBE, MONITOR AlIUI-10, AND PROGRAM :

@ wrt FBEI."UsQY 1@ QUTPUT 7&5 ;“Usay G R*
" 2 ENMD
4) 6)

LOW

PULSE AT

AlUlI-10
?

MONITOR AIQI2 -BASE AND
REPEAT BOTH PROGRAM LINES

l 9)

HIGH
PULSE AT
AlQI2 -B
?

5) 7}

MONITOR A3Ul4-6 AND
REPEAT BOTH PROGRAM LINES

CHECK AlUI

10)

8)
12)

HIGH
PULSE AT
A3Ul4-6

CHECK AIQI2
CHECK A3Ul4

?

k)

TRACE RESET SIGNAL
FROM A3UI4 TO A3J2 -12,
A2J1-12, A2ZPI-6, AIXAZ2 -6.
CHECK AICR30.

Figure 5-36. Remote OVP Reset Test
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For the DiQ lines, transceiver is controlled by the CHI DIC Enable cutput (A4U5-29). IFC, REN, and ATN buffers are
always in receive mode, SRQ is always in send mode. EQL, DAV, NRFD, and NDAC transceiver direction is controlied
by DAV/EOI enable; therefore, data will only flow in each direction at certain times. For exampla, the controller can y
never drive the SRQ line to the CHI, and if the CHI thinks that the 6034A is the talker, the controller cannot drive !
the DIO lines. To check the transceivers, test them in the listen direction first. The following program controls the
D10 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 to follow this protocel. If pulses are not seen on the transceiver output for
the DIO line being tested, check that the data is not being lost in the interface, and that the enabie line for that transceiver
is low. 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 to the line under test.
HP-1B CONTROL LINES
Use logic probe or remove wait to use oscilloscope
Ay ool Y 18 | OI4 LIHE TEST
1: cmd FaU" 284 HREOETIO ¥t SEMHDS IFC
2: ent “Hhich 3@ SERD 7 : MTAR | MUST BE TALKE
DId line? (1 R .
throuah B17iL 4@ RESUME 7 | TURN OFF ATN
2t if Lil nr 54 DISF “DIC LINE TGO BE WIGGLED
Legiato = 68 DISP "ENTER A NMURMBER.,! THROU
G owtil Hysanig CH &¢
da2tiL-11 B OIWPUT L
S: ato 4 82 IF L+«1 0OF L>»3 THEH GOTD &8
98 CONTROL 7.2 & 2~d<L-1>
19 WAIT 204
118 CONTROL 7.3 [}
128 WAIT 28H
126 GOTO 24
1483 END
EQH
B: cli 7 16 ¢V EQI TEST
1: cmd 7a"U" 23 ABORTIO ¢ )
2: wti ByTiuti 3@ SEND 7 ; MTA ]
R S& ASSERT 7:;@ ® WAIT 589
Fiowbl bl 62 GOTO 40
Fel2siwalt SHA 74 ENO
4 H 3t 0 o
IFC {ALSO TURNS ON REN}
B: cli Fhwait 1% ! IHTERFALCE CLEARR TEST
SER 28 ¢ IFC BLIMKS
[% atn @ 26 | RATHER THAM A SET LEVEL
483 RBORTIO 7
SR WARIT 568
Al GOTOD 44
v END
ATN
a: el T 18 | ATH TEZ=ST
1r owtd B 7Fiwti 28 REORTIO ¢ N
Taldftwoit Sa6 28 ASSERT V.16 ® WRIT 586
Srotd BeTiut i 413 HSSERI 7:i8 @ WAIT Son
LoMEL AR AL 58 GOTO 20
e lZ@iwalt SAA 68 EMD .
41 oato | )

Figure 5-37. Transceivers Circuit {Sheet 1 of 2)

5-52



REMOTE ENABLE

e ocli o 14 | REMOTE EMAELE TEST
tr ocwd 7L 28 ABORTIND 7
Tt ATt 28 ASSERT 7iG4 @ WAIT SO0
Tal38iwait SED 413 HSSERT_?;B ® WAIT S@0
T owti ByTiuwti S8 GOTO 3
A A e 63 EHD
FalEddygnlt oM
toato 2

DAV, NDAC, NRFD
All three handshake lines should have movement

B: end 7a"07 18 SEMD 7 ; MLA
1t 9t 4 28 GOTO 1@
26 EHD

6034A 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 poll to prevent the 6034A from sending not-DAV. When the serial poll data has been
put on the DO lines A4U47-2 goes high. With the following program, the 6034A should drive the DIO lines, EOQI, and
DAV. If DAV is not being sent by the transceivers, check the DAV Enable circuit and the Serial Poll Moniter circuit.

d THSsA 18 EMTER F¥B3 i H
280 END

L]

B or
SRQ

To turn on SRQ, momentarily short A4Q2 collector to emitter. If SRQ turns on, test the rest of the circuitry by turning
power off and back on. To turn off SRQ, program:

- Cd s PTRE T S . _
B rdzi7B3)3H 18 A=SPOLLC7ES
28 EHD
n
MONITOR SRQ AT A4TPIT.
TURN POWER OFF AND BACK
ON.
&)
2] no | SHORT asqz
COLLECTOR TO
EMITTER
YES "

3) 9} ¥
PROGRAM SERIAL CHECK A4US3, ;::;:Enizgs?w
POLL, A4UB4, A4US

ISOLATION AT A4U53
73 NO
4) H A4Q2 L1))]
o SHORT A4Q ‘e
BASE TO
EMITTER
YES
5]
RETURN TO
MAIN TREE

Figure 5-37. Tranceivers Circuit {Sheet 2 of 2)
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—t

TO CHECK THE HP - I8 INTERRUPT LOGP, CHECK ﬂ

PULSE WIDOTHS AT LISTED LOCATIONS ON THE @ (00 ns
ANNOTATED SCHEMATIC WHILE RUNNING THE
FOLLOWING PROGRAM.

LI 300m
d: clr 7 1@ CLERR 7 © I L~ s00m
I ato A 28 GOT0 18
28 END 100 TO 500ns
(€ CHECK WITH SIGNATURE ANALYSIS | SEE FIGURE 5-47)
ECEAR INT, (1)
3 usgh Y ysaa y72A
13 5
BOT 4]‘_\5 [ 4 FF 5 ® © .Js
7 |__S 3y
350 @ . |0
o Las U4BA o2l
—Tls )s |I ‘>= 2 I g L6 - 3,I -
L1
N CLEAR INTERRUPT DECODER —— 7 cs6 l
1OpF _
. ues 15 ) sex 4 Pt ut @
? 524 8
SPTE V(TALKARH.] 12 ggg
ALISTEN
ATE] 8 s® 5V
ATALK il B
0.7.010)
pec.nn 2
T.H I
\J
us58
wrgwian @ o ¢ |8 @@ up -1 INTERRUPT'
TLEAR T (1) n o TO MICROCOMPUTER
2 |,
FoNz—2adg S

(D INPUTS FROM CHI AND MONITQR CIRCUITS NOTE
CHANGE ON HP-1B.

@ ONE-SHOT U72A 1S TRIGGERED.
(3) BUS~INTERRUPY FLIP FLOP US5B IS SET.

(@) MICROCOMPUTER 1S INFORMED OF HP—IB INTERRUPT
VIA OPTOCOUPLER

(8 TZ &ND T3 PULSES ARE DECODED TC CLEAR NTERRUPT.

@ UGBA PREVENTS UT2A FROM BEING RE-TRIGGERED UNTIL
U55B IS RESET. NOTE THAT IF U5 ATTEMPTS TO
TRIGGER UT2A WHILE UBBA~-5 IS RIGH, UTZA WILL
BE TRIGGERED AFTER UBSA-5 GOES LOW AGAIN.

Figure 5-38. HP-IB Interrupt Loop
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TO CHECK THE LOAD/SHIFT PROTECTION CIRCUIT, CHECK
WAVEFORMS AT LISTED LOCATIONS ON THE ANNOTATED
SCHEMATIC WHILE RUNNING THE FOLLOWING PROGRAM

g oclr ¥ 19 CLEAR 7
11 ato o 20 GOTOo 18

21 EHD

o @ 6@ @
f

@
W } 5 2S/DIY
- I
—
© J
00 TO500uS
U728
s, & ]
1
d; 5
o L2 Ne
T2 @ 1o L »
+5V _“J:
5
I

€48

000! uare
AAA I ! 2 5 S
+5V 8 LOAD/SHIFT
R24 @ 12
46 4K

HP-IB INTERRUPT
FROM US58-9

() HP-1B INTERRUPT OCCURS, U47C-8 GOES HIGH (LOAD).

@ FIRST PULSE FROM T2 (WHICH LOADS THE DATA SHIFTER)
TRIGGERS ONE-SHOT U728 U47C-8 GOES LOW (SHIFT).
SUBSEQUENT HP-IB INTERRUPYS CANNOT CAUSE LOAD
CONDITION UNTIL U728 TIMES OUT.

(3) SEVEN PULSES FROM T2 {WHICH SHIFT DATA FROM DATA
SHIFTERS ACRDSS ISOLATION TO CRUIN! RE-TRIGGER UT2B.
UT2B MUST STAY ACTIVE UNTIL AFTER SEVEN SHIFT PULSES.

{3) AFTER U728 TIMES OUT, HP-IB INTERRUPTS CAN CAUSE
LOAD CONDITION.

Figure 5-39. Load/Shift Protection Circuit
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THE OUTPUTS OF THESE CIRCUITS GO LOW TO INDICATE A CHANGE IN THE SIGNAL FROM CHI. WHEN THE
HP.1B INTERRUPT PULSE 1S SENT TO THE MICROCOMPUTER THE U62 FLIP FLOPS ARE CLOCKED. THE “"NEW"
DATA THEN BECOMES THE “OLD" DATA, AND THE MONITORS WAIT FOR THE NEXT CHANGE, TO CHECK
THE MONITORS, LOOK FOR A STREAM OF PULSES AT BOTH MONITOR QUTPUTS (TO STATUS BYTE MUX
AND TO INTERRUPT NAND GATE) WHILE RUNNING THE FOLLOWING PROGRAMS.

LISTEN
geocwd Y TN
1y 3to W
TALK
@i red FBS5.T
1 : = Ay l-:‘l

TRANSMIT ENABLE {T.E.1})

18
28
38

1
15
i
34

SEHD ¥ o UML LISTEH

zO0TOD 18
EHD

SEWD ¥V i UMT TRHLEK

GOTO 19
END

SEND ¥ 5 UNMT THLEK

RESUME 7
GOTO 16
EMD

n

Figure 5-40. Listen, Talk, Transmit Enable Monitor Circuits (Sheet 1 of 2)
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P/OUS

—— ISTEN
2T —ESTER g2 10
TE 1 STATUS
———— v4s-§ BYTE
TALK ja8-10 MUX
ABDRESSED TO LiISTEN UB4A
|
R2G
1K
UG4F uB4C
16 2 5 &
TRAMSMIT ENABLE | Iar : f
ADCRESSED TO TALK
R28
245
us2
HP-IBINT. (1I) 9 b 1
Pom—'hw R
Us3 P/0 U4
FF 2 ! =1 1 e
LISTEN 4 3 4 ALISTEN ()
10 3 2 Uss-5
P— N.C B
5 _—
T.E1 5 5 6 AT.EA{1r} TO HP-1B
a NC 4 UB5 -6 {NTERRUPT
P c NAND GATE
10 9 R
TALK 12 N o I 0 ATALK (1} UES - 11
p— N.C E
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,
THEN, ATTEMPT TO ISOLATE THE PROBLEM TO CHI, THE TRANSCEIVERS, OR ELSEWHERE. 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 LSN LED IS NOT ON. IF THE MICROCOM-
PUTER IS CORRECTLY DECODING THE LISTEN STATE, THE FRONT-PANEL LSN LED {A3D518) 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 :

A oocwd Ve tUETL"

1: ato O

A4U76-6 RECEIVE READY

A4U76~-11 RECEIVE HANDSHAKE

HANDSHAKE WITH UNLISTEN PROGRAM -

B: cmd 7o

" Y}

R " .
HE= ] b

it ato #

A4UTE-E RECEIVE READY

A4UTE-1i RECEIVE HANDSHAKE

A4UB4 -1 ADDRESSED TO LISTEN

£ G PO
[V Ru IR

SEMD 7 i MTA LISTEN S
QUTPUT ¥ ;" ¥

GOTO 1@

EHD

E034A IS READY TO
RECEIVE A BYTE

BYTE IS AVAILABLE ON
DID AND EQI LINES
6034A ACCEPTS BYTE

0.2 ms/OIV

ia
23

-t

43

BYTE NO LONGER AVAILABLE
6034A 1S READY TO RECEIVE
ANOTHER BYTE

@ee ® ©

SEND 7 5 UML MTA LISTEN S
QUTPUT 7 ;*

GOTO 18

END

[ —

0.2 ms/DiV

LJ

U

| N 6034A 1S UNLISTENED

REPEAT BASIC HANDSHAKE PROGRAM TO CHECK RECEIVE HANDSHAKE MONITOR

A4LE8-II —[_l

A4U68-8

[

\—z50ns

f

} 0.2 ms/DiV

A4UEB-8 GOES LOW WHEN BYTE IS
AVAILABLE FOR 6034A TO READ IN.
A4UEB-8 RETURNS HIGH WHEN RESET
BY HP-18 INTERRUPT LOOP.

Figure b-41.

Listen Handshake/Receive Monitor Circuit
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THE FOLLOWING TESTS SHOULD BE DONE ONLY AFTER THE HP-IB INTERRUPT LOCP AND LOAD/SHIFT PRO-
TECTION CIRCUITS HAVE BEEN CHECKED. THEN, CHECK A STATUS INPUT (E.G., DC) BEFORE CHECKING DATA
INPUTS TO SIMPLIFY ISOLATION.

STATUS LINES
WHEN A MULTIPLEXER ENABLE INPUT GOES LOW, WHATEVER 1S AT THE MULTIPLEXER INPUTS IS TRANSFER-

RED TO THE QUTPUTS. 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 ﬂmd

: ¥ SEHD 7 ; UHL LISTEM %
1: atag e

PESUME 7 )
GOTO 16
EMD

1 R

Gof [o) va
Do on | ]

SEMD V¥ ; UHT TALE S
RESUME 7

GOTO 18

END

¥
) T s
Lot I

(785 A=%
i 20 END

L1
b
i

.
[}
[}

bC

CLEHE ¥
GOTD 18
erD

clr
It O

— 2

D R |
) )
[l ey

DT

TRIGGER ¥
cOTd 19
EHD

— D
o)
o
M|
L B |

L) o

5@

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 FIGURE 5-39 TO CHECK SHIFT CLOCK.

2. RUN A STATUS INPUT PROGRAM {E.G., DC} WHILE CHECKING BOTH SIDES OF OPTOCOUPLERS A4U38
AND A4U33 WITH AN OSCILLOSCOPE. CHECK FOR SIGNAL DEGRADATION OF PULSES ACROSS
OPTOCOQUPLERS.

3. IF NO OTHER CAUSE FOR INCORRECT DATA BEING SHIFTED IN OR QUT, REPLACE A4U40 AND A4U41.

DIO LINES

USE A DUAL-CHANNEL OSCILLOSCOPE, WITH TRIGGERING CHANNEL CONNECTED TO ENABLE iNPUT (PIN
1 0QR 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/QUTPUT IN QUESTION. IF A DIO INPUT IS WRONG, CHECK THE BUS TRANSCEIVER. THE DIO LINES MAY
BE STIMULATED IN THE PATTERN OF ANY ASCH CHARACTER WITH THE FOLLOWING PROGRAMS. THE
CHARACTER “A’ 15 SENT IN THE EXAMPLE, AND iS DECODED AS 1000001.

B: ced YaoUTHEY, 189 SEHD 7 ; UNL LISTEM S MTH
"R 2@ DUTFUT 7 ;“A"
1: ato El 28 GOT0 14

43 END

Figure 5-42. Multiplexers and Data Shifter/Output Buffer Circuits {Sheet 2 of 2}
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/ IF CHI (A4U5) 1S 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 MICROCOMPUTER
IS CORRECTLY DECODING THE TALK STATE, THE FRONT-PANEL

i g
TLK LED {A3DS2l) SHOULD BE LIT. TO CHECK THE TALK A4UTB-9 TRANSMIT READY
CIRCUITS, CHECK WAVEFDRMS AT THE LISTED LOCATIONS WHILE

RUNNING THE FOLLOWING PROGRAM
Wit
A4U75-9 TRANSMIT HANDSHAKE —[ I 2 ms/DIy

Tl - ) wit L_‘I - . . TGS CEE
T- ﬁ;u f;é}ﬁi iﬁ SE¥$UIQ'U“ iRE A4UB4-I3 TRANSMIT ENABLE 1 l' “
2@ wailt 9@ 28 GOTO 14

3: It 1 4 L EHD

Figure 5-43. Talk Handshake/Transmit Monitor Circuit

SPTE PERFORMS THREE FUNCTIONS

@ PUTS DATA SHIFTERS INTO PARALLEL OUTPUT
MODE TO DRIVE HP-IB DIO LINES

@ DISABLES DAV UPON RECEIPT CF SERIAL POLL

@ INFORMS MICROCCMPUTER (VIA A4U54 AND STATUS
BYTE MULTIPLEXER) OF SERIAL POLL

~

A4U54 -} r [

} A4U71-10 I , | |
rd= (Y85 1+H 1 R=SFOLLLTRAS»
It 7 2R GaTo 14 ASUS4 -3 l | l | I ©.5 mesDIv
39 END
AqUS54 -5 I | I I
A4U54-6 | I | |

CHECK L!STED WAVEFORMS WHILE RUNNING
THE FOLLOWING PROGRAM.

i

Figure 5-44. Serial Poll/S.P.T.E. Monitors

5-61



USING A LOGIC PROBE, MONITOR A4U56-95 AND PROGRAM:

B 7 1% CLERAR T
it il 28 GOTo 18
368 EHD

MONITOR A4UTI-3 AND REPEAT PROGRAM

Y

IF D.C PULSE 1S BEING RECEIVED FROM

‘CHI BUT 1S NOT BEING SUPPLIED TO

THE STATUS BYTE MUX USE THE ANNOTATED
SCHEMATIC TO DETERMINE WHICH PART

OF DC MONITOR CIRCUIT IS MALFUNCTIONING

C{1iJ) TO INTERUPT NAND GATE

U718 US6B
D.C (1) FROM CHI @ 3 4 @ 10 s 9 DC. TO STATUS BYTE MUX

+5v —H 778 ‘ -
(0AD i3 \2 @ J 2 1o

J _ 8
2 % Font —2xlR S

SHIFT 1

P> €
BC. FROM 12 |1
STATUS BYTE MUX
B.lq - -

@ PULSE IS PRODUCED AT CHI OUTPUT.
(2) FLIP-FLOP US68 IS SET, REMOVING FORCED RESET FROM US4B.

(3) F D.C._STATUS FROM US6B-5 WAS CLOCKED INTQ STATUS BYTE
MUX, USA4B-5 WILL BE WIGH AFTER FIRST SHIFT PULSE.
HOWEVER. (F CHI PRODUCED D.C PULSE AFTER AN HP-i8
INTERRUPT WAS IN PROGRESS, US4B-12 WILL NOT BE HIGH
AND US4B-9 wiL NOT GO HiGH. THEREFORE, US6B WILL
NOT BE RESET

@ ONCE D.C. STATUS IS SHIFTED INTO STATUS BYTE MUX,
(OAD IS ABLE TO PASS THROUGH UT7A  AND CLOCK (RESET)
us68

Figure 5-45. DC Monitor Circuit j
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THE DT MONITOR IS SIMILAR TO THE O MONITOR
(FIGURE 5-45) USE THE FOLLOWING PROGRAM TO
CHECK THE DT MONITOR.

FaG

TS 18 TRIGCGER 70
28 LoT0 14

n

-3

-

1)
" wn
wo—
-
m
A R |
l

DT (1J) TO INTERRUPT NAND GATE

v7ia usea
DT{J1) FROM CKI @ |[\,\2 @ 4 FF 5 DT TO STATUS BYTE Mux
3
3 ' 3
+5y ur7B I Cl
LOAD 4 V6 @ 2 0 i
/ e
5 - el |
US5A @ l_. PON1 —INR .
ssv_dnfo FF 5
SHIFT 3 bl
DT FROM STATUS 2 D
BYTE MUX
IR

3
1
35

Figure 5-46. DT Monitor Circuit
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SIGNATURE ANALYZER SETUP
HP-IB SIDE OF 1SOLATION

FRONT-PANEL CONTROLS

START  _/ START  TP14

STOP ™ STOP  TPIS

CLOCK N\ __ cLock  TR7
GROUND

POD CONNECTIONS

TP1,TP3 (SHORTED TOGETHER)

U468

= jal

[
1
1
|
I
|

Ue9B

U6BA

—————CLEAR INTERRUPT DECODER ?—I-—ﬁ

6 UCSU 4

+5v 2
2

4

U478

s

M|
D

4 N.C. =y
6 U4C6 2 IUFQ | R
5
U46A

. |

U46E

UCSF 4_ 13 1028
~

RI3

SIGNATURE ANALYZER SETUP
MICROPROCESS0R SIDE CF ISQLATICN

i34 FRONT—-PANEL CONTROLS POD CONNECTIONS
Al2 o]} COMP
AN 2 START  _/ START TPI4
P
210 i3 STOP TN STOP  TPRiS
5] 3
CLOCK CLOCK TP4
u3s —
GROUND TP3
2 1 2 pe<g
LOAD A CLEARNT I VT Pee 5 H223
R P>a P>q 2lua2a U43B
8CUS 5 6 1l
5
2 FF 0 9 6728 o FAZ7
ISOLATION TRANSFORMERS i c ¢ 1 0000 1),
NOTE THAT SIGNATURE ANALYZER 5 7 It 2y
| 5
CHANGES ON EACH SIDE GF ISOLATION 8 o 13 g 7p33 ilUasA
4 2 14 ) .,
. +5v 15l 3U30 & N2
0000 | C414 13 Y
13 NC. 3 '
o Q; 4
MEMER
s u2ic 4
2 oa | READ BYTE H33F 5|>i_ 4
) § RI7
&CR2
10K o3
1o o3
CR26 -
uzip
o TR 40IH 9 8 U409, U44D
CRUCLK' Q4AP13
2524 5U20B
RECEIVE READY V RECEIVE COMPLETE HH73 4—l
+
T2 v
2 4
kcri § e
e #3 '
CR27
+5Y
Figure 5-47. CRUCLK Generator
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A2U4B-6
{~INF} ‘?LOW CHECK AZRHB

YES I

A2U48-7 (+INP} (2)
BETWEEN +0.6v
AND +0.Bv 7

CHECK AZR53, AZRS4, A2R4T

REPLACE A2U4

(4)
GO TQ FIGURE 5-16, MAIN
TROUBLESHOOTING TREE

Figure 5-48, Troubleshooting Ip Limit Circuit

( START ’

|

(D[ COMPARE A2Ui2-3 {-INF)TO
CONTROL VOLTAGE AT A2U2-
2 (+INP}

A2U144A-| (OUT} MORE
NEGATIVE THAN =2-05V?

A2U14C-8{0UT) MORE
NEGATIVE THAN m3-05V?

DOES A2UI2-2 EVER

)
CHECK AZR50, AZR5Y,
A2RIQ0, AZCT, A2U12

GO 7O FIGURE 5-25, CV 60 TO FIGURE 5-286, CC
CIRCUIT CIRCUIT

CHECK A2012, AZUT,
A2ZIR4

9 60 10 FIGURE 5-16, MAIN
TROUBLESHOOTING TREE

Figure 5-49. Troubleshooting Control 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 technigues 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

Ta avoid the possibility of personal injury, remove
the B034A from operation before opening the
cabinet. Turn off ac power and disconnect
the line cord, HP-I1B plug, load and remote 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. If a mica insulator is used,
smear a thin coating of heatsink compound on
both sides of the mica insulator.

Do not use any heatsink compound containing
sificone, which can migrate and foul electrical
contacts elsewhere in the system. An organic zinc
oxide cream, such as American Oif and Supply

Caompany Heatsink Compound #7100, Is

recommended.
5-103 Front-Panel Assembly
5104 To remave front-panel assernbly:

1. Use 1/16” hex wrench to locosen two setscrews in
OUTPUT ADJUST knob, remove knob.

2. Loosen two front-panel screws that secure front
panel 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-panel 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.

¢. Unplug J1 from HP- IB microcomputer assembly.

Spread connector latches at each end of J1 to
release J1 from printed-circuit assembly.
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5-105

5106
1.
2.
3.

5-107

5-108
1.

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 components from being bent, support

printed-circuit assembly in a vice designed for the
purpose.

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 to
squeeze connector latches in to secure J1 to HP-
IB microcomputer assembly socket.
Some components that stand up from printed-circuit
assembly may be bent while handling printed-circuit
assembly. Therefore, when replacing calibration
panel be certain that all components that {it 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 power mesh assembly before pressing
control board firmly into socket.

Remember to load 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 to back of front panel. As view-
ed from front, biack wire is to the right.




7. Remember to replace shaft extension before replac-
ing front-panel printed-circuit assembly, calibration
panel, and front 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
5-110 When replacing RT1 and RT2 on the power mesh

assembly, unsolder component leads from the standup ter-
minals on the printed-circuit board; de not remove the stand-
up terminals. Carefully pretorm the replacement-component
leads. To avoid breaking leads off the component, do not
bend the leads at the component.

5111 Current-Monitor Resistor
Heatsink
5-112 A heatsink bar extends upward from the power

mesh printed-circuit board at the outboard ju nction of R28 and
R29. The top end of the bar is bent over into the top of R28 for
support. Remove the heatsink bar before replacing R28. After
reptacing R28, replace heatsink bar with bent end fitted inside
the top of R28.

5-113 AB Regulator

5114 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.

3. 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).

4, 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.

5-115 To remove the regulator assembly, first remove the
two transistors. Proceed as follows:

1. Unsolder six wires from printed-circuit assembly.

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-
sulator board has an 1/8 square soldered hole in

5-67

one corner. This square should be at the top front
when the insulator board is replaced. Plastic in-
sulators should be replaced with studs protruding
through insulator board and center chassis.

CENTER CHASSIS
CABLE CLAMP

INSULATOR BOARD
PLASTIC NSULATORS(2) rd
REGULATOR
PRWTED CROUT ASSEK!.Y\
= ; I 19

== | ] B
== 1 E —n\ﬂ

/‘rnmsnsvons 2
g=m | B
=3 \ B
L I:i H --\ MICA INSULATORS (2)
SPACERS(2} THREADED INSERT

Figure 5-50. A5 Regulator Assembly

5-116

5117 If any components are replaced in the HP-1B +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 JS should still be
removed from troubleshooting. Otherwise, remove
the three J5 jumpers from the HP-1B bias power sup-
ply on the A4 assembly.

2. Turn on unit and check output of HP-IB + 5 volt bias
power supply; it should be *5% (+4.75 to
+5.25 volts). Turn off unit and disconnect line cord.

3. ¥ +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 tbat bias power supply output voltages are

HP-IB Bias Power Supply Repair

correct.
5-118 REPLACEMENT PARTS
5119 Section VI of this manual contains a list of replace-

ment 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.

5120 Some components are mounted with spacers, in-
sulators, etc. on leads. Be certain to note location of alt moun-
ting pieces before removing a component, and replace all
pieces in proper location.
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Figure 5-51.

5-121 CALIBRATION

5122 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

calibration can be done whenever it is desired to 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 ser-

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 following paragraphs.

5-123 Initial Setup

a. Use 1/16” hex wrench to loosen two setscrews in
CQUTPUT ADJUST knob, remove knob.

b. To gain access to calibration panel, loosen two
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 —).
e. Disconnect all loads from output terminals.

f. Connect an HP-IB controller (HP9825 or HP85
recommended) to the G034A,.

g. Turn on ac power.

h. Allow unit to warm up for 30 minutes.

i. To perform service calibration, remove top cover of
instrument.

i Figure 5-51 shows the location of potentiometers

used for service calibration on the A2 control board.

A2 Control Board Calibration Potentiometers

k. To allow easy connection of test probes to control
board test points, remove contro! board top support
bracket, and plug test connector HP part no,
1251-6016 onto control board.

LR Turn off ac power when making or removing con-
nections to 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.

5-124 Remote OVP Calibration

a. Ensure that front-panel OVP ADJUST control
(A3R43} is turned fully clockwise.

b. Connect DVM between test points TP6 and OBS on
front-panel assembly.

c. Adjust A3R42 (OVP FULL SCALE) for +6.45 V

+0.02 V.
5-125 Ip Limit Calibration
5-126 Ip fimit calibration should be performed only during
complete service calibration.
a. Connect test setup as shown in Figure 5-2. Open
switch $1. The load resistor should be set for less
than 142,

5-68




Connect 6034A ac input to a variable
autotransformer set for low-line ac input voltage {see
paragraph 2-20}.

Turn A2R54 fully counterclockwise.

Turn AZ2892 (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 limit is
calibrated.

Press front-panel LCL pushbutton switch to put
6034A into focal mode.

f. Use RPG to adjust output voltage to +24V 0.1V,
Connect DVM across shunt. Close switch 51,

Use RPG to adjust output current so that DVM reads
100 mV +1mV {10 A £0.1 A through shunt}, G034A
should be in CC (LIMIT) mode.

i. Turn A2R54 fully clockwise.

j- Connect DVM across sense terminals.

k. Adijust load resistor for +23 V £0.1 V on DVM.
6034A should remain in CC {LIMIT) mode.

I Slowly adjust AZR54 counterclockwise just until
UNREGULATED LED turns on.

m. DVM 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 Rp-

d. Adjust R1 until DVM indicates 0.09 V £0.001V (9 A
+0.1 A through shunt). 6034A should remain in CV
{NORMAL) mode.

e. Disconnect DVM from Rpj and connect it to 6034A
sense terminals.

f. Open switch S? 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
A3JR78 (REGULATION} so that reading on DVM dif-
fers 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 test results, perform the com-
plete service calibration procedure.

a. Connect DVM across points 1 and 2 on AZ control
board edge test connector.

b. Send string “POV C1A M1 G” to 6034A. This sets
output voltage to 0 V with a 1 A current limit. 6034A
shouid be in CV (NORMAL) mode.

c. Adjust A3R7 (CV ZEROQ) for less than +1.5 mV on
DVM.

d. Connect DVM across sense terminals.
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e. Adijust AZRE5 for less than + 1.5 mV on DVM.
f. Adjust A3R7 (CV ZERO) for less than £1.5 mV on
DVM.

g. Send string P60V C1A M1 G to 6034A. This sets
output voltage to 80 V with a 1 A current limit. 6034A
should remain in CV (NORMAL) mode.

h,  Adjust A3R81 (CV FULL SCALE) for60V £3mV on
DVM.

5-130 Constant Current Circuit Calibration
5131 In the following procedure, only steps ¢, d, g, 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 0.01Q shunt across output terminals.

Connect DVM across shunt.

Send string “P1V COA M2 G” to B034A. This sets

cutput current to 0 A with 1 V voltage limit. 6034A

should be in CC {(NORMAL} mode.

Adjust A3R96 {CC ZERQ)} for less than +5z V on

DVM (less than +0.5 mA through shunt).

Send string “P1V C10A M2 G” to 6034A. This sets

output current to 10 A with a 1 V voltage limit. 6034A

should be in CC (NORMAL)} mode. Wait 30 seconds

for current-monitor resistors to settle.

Adjust A3R82 {CC FULL SCALE) to approximate

center of rotation. Wait 30 seconds for current-

monitor resistors to settle,

i Adjust A2R92 for 100 mV +0.05 mV on DVM (10
+0.005 A through shunt).

j- Adjust A3R82 for 100 mV £0.01 mV on DVM {10
+0.001 A through shunt).

oo T

Front-Panel Voltmeter Calibration
NOTE

The following procedure for calibrating the front-
panel voltmeter requires a precision voltage
source. If one is not available, the voltmeter can
be calibrated by programming 60 volts and ad-
justing A3R4 until the front-panel voftmeter
matches a DVM across the output. For many
systems applications, this adjustment will be ac-
curate enough, even though the front-panel
voftrmeter will not be calibrated to specification.
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a. Turn off the 6034A.

b. Remove strap between +sense and +output
terminals. ’

C. Connect a short between +output and — output
terminals.

d. Connect positive output terminals of 8116A precision

voltage source to +sense terminal of 6034A. Con-
nect negative output terminal of G6116A to the
— sense terminal of 6034A. Do not turn on 6116A.



e. Connect DVM across sense terminals of 5034A.
f. Send string “P60V C1A M2 G” to 6034A. This sets
output current to 1 A with a 60 V voitage limit. 6034A
should be in CC {NORMAL) mocde. 9825 Computer
h, Turn on 6116A. Adjust output of 6116A for 19 V 0: dim ASES) ctring variable to pul resding in
+0.001 V on DVM. 1: dev "PS™, 705 36034A select code 7,
.. Adjust A3R4 {VOLTMETER FULL SCALE) for 19.00 2: “loop" B0348 15 PS at WP-IE address 5
on front-panel voltmeter, :31 :23 :Eg:';;" teil S“S"“ s pt\;ke Feading.
i Turn off 6116A. Turn off B034A. Disconnect test 5. dsp A% Hreplay iﬂﬂdiﬁ'g. ’
setup and reconnect strap between +sense and B: ot "loop” and repeat.
+ output terminals of GO34A.
5-133 Front-Panel Current Meter HP85 Computer
Calibration 26 Moo
30 OUTPUT 705;°T*
a.  Disconnect all loads from output terminals. o ENIER,I05:he
b. Adjust A3R3 {CURRENT METER ZERQ)} for a 60 G070 20
reading of 0.00 A on front-panel current meter.
C. Connect a 0.010 shunt across output terminals.
d. Connect DVM across shunt,
e. Send string “P1V C10A M2 G” to 6034A. This set
output current to 10 A with a 1V voltage limit. 6034A Figure 6-52. Calibration Test Programs
should be in CC (NORMAL) mode.
f. Adjust R8 (CURRENT METER FUL.L. SCALE) so that
front-panel current meter reading equals DVM 5-136 Rem?te \{O'tmeter Full Scale
reading divided by resistance of shunt. For a 0.010 Calibration
shunt, simply shift the DVM reading decimal point
two places to the right. NOTE
5-134 Remote Current Meter Calibration The following procedure for calibrating remote
a. Connect a 1 k 1% 1/8 W metal film resistor (or voltage readba_'f"k requir_es a precision voltage
equivalent) across output terminals, source, _If -one is n-or avallable, .fallow steps a, C,
b.  Send string “P3.75V C0.1 A M1 G" to 6034A. This € . 9. i j; and k in the following procedure. For
sets output voltage to 3.75 V with a 0.1 A current many applications, this adjustment wil be ac-
limit. 6034A should be in CV (NORMAL) mode. curate enough, even though the voltage readback
c. Run test program shown in Figure 5-52. Controller will not be calibrated to specification.
will display NAxx.xxx, where xx.xxx is current
reading returned by the 6034A over the HP-IB. g' ;:;‘o?,ﬁ ﬂ:f 6034:\“, n +sense and + output ter
d.  Adjust A3RS0 (REMOTE CURRENT METER ZERQ) ’ minals @ sirap betwee sense @ HIpLE e
SN(Z‘.\ Bhoa:xt):;rrent reading displayed on the controller is c. Conne;:t a short between +output and — output
Bt terminals.
5-135 Remote Voltmeter Zero Calibration d. Connect positive output terminal of 6116A precision
voltage source to +sense terminal of 6034A. Con-
a. Connect a one-foot length of AWG #26 solid copper nect negative output terminals of 6116A to the
wire {0.41mm diameter) across output terminals. The - sense terminal of 6034A. Do not turn on 6116A.
exact length and size of the wire is not critical; the e. Connect DVM across sense terminals of 6034A.
object is to obtain approximately 26 milliohms load f. Turn off 5034A.
resistance. g. Send string “P60V C1A M2 G to 6034A. This sets
b. Connect DVM across 6034A sense terminals. output current to 1 A with a 60 V voltage limit. 6034A
C. Press front-panel LCL pushbutton switch to put should be in CC (NORMAL) mode.
6034A into local mode. h. Turn on 6116A. Adjust output of 6116 for 54.0075 vV
d. Use RPG to increase output voltage until 6034A +0.00 on DVM.
switches to CC (LIMIT) mode. i. Run test program shown in Figure 5-52.
e. Use RPG to adjust output current so that DVM in- j. Adjust A3R80 (REMOTE VOLTMETER FULL
dicates 22.5 mV 0.1 mV. SCALE) so that reading displayed on controller is
f. Run test program shown in Figure 5-52. Controller NV54.000 {or matches DVM reading if precision
will display NAxx.xxx, where xx.xxx is current reading voltage source is not used).
returned by the 6034A gver the HP-IB. k. Turn off 6116A. Turn off 6034A. Disconnect test
g. Adjust A3RB9 [REMOTE VOLTMETER ZERO) so setup and reconnect strap between +sense and

that reading displayed on controller is NV00.015.
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+ output terminals of 6034A.



Section VI
REPLACEABLE PARTS

6-1 INTRODUCTION

62 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.

h. Hewlett-Packard Part Number.

c. 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 6-4 under Mechanical and/or
Miscellaneous.

Table 6-1. Reference Designators

Assembly

Blower

Capacitor

Diode

Signaling Device (light)
Fuse

Filter

Pulse Generator

Jack

Relay

Inductor

Transistor

Resistor

Thermistor Disc
Switch

Transformer

Terminal Block
Thermal Switch
integrated Circuit
Voltage Regulator {Zener diode)
Wire {Jumper)
Socket*

Oscillator

IC Resistance Network

TMoOOWP
[Fp e}

-

qmﬂmol-xho

—4 =
wm

N-<><§:<DC

*Reference designator following “X* le.g. XA2)
indicates assembly or device mounted in socket.
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6-4 ORDERING INFORMATION

6-b 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! Decoder/Demultiplexer
ELECT Electrolytic
EPROM Eraseable Programmabie 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
OP AMP Operational Amplifier
OPTO Optical
OvP Over Voltage Protection
PCB Printed Circuit Board
PORC Porcelain
POS Positive
PRIOR Priority
ROM Read-Only
Memory
RAM Random Access Memory
RECT Rectifier
REGIS Register
RES Resistor
TBAX Tube Axial
TRIG Triggered
UNI Universal
VAR Variable
VLTG REG Voltage Regulator
Ww Wire Wound




Tabtle 6-3. Code List of Manufacturers

Code Manufacturer Address

00853 Sangamo Electric Company Pickens, Sc

01121 Aflen Bradley Company Milwaukee, WI
01295 Texas Instruments Inc, Semicon Comp Div. Daltas, TX

03608 G.E. Company, Semicon Prod. Dept. Auburn, N.Y.
04713 Motorela Semiconductor Products Phoenix, AZ
07263 Fairchild Semiconductor Div. Hicksville, N.Y.
14936 Generat Instruments Corp, Semicon Prod Hicksville, N.Y.
16299 Corning Glass Works, Component Division Raleigh, NC

19701 Mepco/Electra Corporation Mineral Wells, TX
20940 Micro-Ohm Corporation El Monta, CA
24546 Corning Glassworks Bradford, PA
27014 National Semiconductor Corporation Santa Clara, CA
27167 Corning Glassworks Wilmington, NC
28480 Hewlett-Packard Palo Alto, CA
32997 Bourns Inc. Riverside, CA
55576 Synertek Santa Clara, CA
56289 Sprague Electric Company North Adams, MA
71400 Bussman Division of McGraw Edison Co. St. Louis, MO
75042 TRW Inc, Philadelphia Division Philadelphia, PA
82877 Rotron inc Woodkstock, N.Y.
|B546 Varo Semiconductor ing Garland, TX
31585 RCA Corporation, Solid State Div Somerville, N.J.
He027 Schurter AGH Luzern, Switzerland
50545 Nippon Electric Company Tokyo, Japan
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Table 6-4. Replaceable Parts List

Ref. HP Mfr.
J Desig. Part No. TG Description Code Mfr. Part No.
Al Power Mesh Assembly
C1 0160-4962 1 fxd porc 1.f 250 VAC 28480
C2-5 0180-2968 4 fxd elect 590uf 200 V ‘ 28480
C6, 7 0160-0269 2 fxd cer 0.1uf 500 V 28480
C8, 9 0160-4960 2 fxd film 2200pf 1.6 kV 28480
C1G Not Used
c11 0160-3969 i fxd porc. 0.015:f 250 VAC 28480
C12, 13 0150-0012 6 fxd cer 0.01uf 1 kV 56289 C023A102J103MS38-CDH
c14 Not Used
Ci5 0160-5022 1 fxd film 2200pf 1.6 kV 28480
C16-18 0180-2971 3 fxd elect 1700uf 75 V 28480
C19-20 Not Used
c21 0160-4966 2 fxd met film 1zF 100 V 28480
C22-25 0150-0012 fxd cer 0.01uf 1 k V 56289 C023A102J103MS38-CDH
C26 0160-4966 fxd met film 1xf 100 V 28480
c27 Not Used
c28 0160-0127 1 fxd cer 1pf 25 V 28480
C29, 30 Not Used Not Used
Cc31 0160-0938 1 fxd mica 1000pf 100 V 5% 28480
€32, 33 Not Used .
C34 0180-0155 1 fxd elect 2.2uf 20 V 56289 160D225X0020A2 !
C35 0180-0693 1 fxd elect 1000uf 25 V 54473 ECE-A25V1000
C36, 37 0180-2628 2 fxd elect 220uf 50 V 28480
C38 Not Used
C39 0180-0500 1 fxd elect 330uf 25 V 28480
C40 0180-1954 1 fxd elect 4.7uf 6 V 56289 160D475X5006A2
Cca1 Not Used
caz 0160-4722 1 fxd cer 0.1uf 50 V 28480
CR1-4 1901-0759 4 diode 3 A 600 V 14936 INB406
CR5, 6 1901-1087 2 power rect 3 A 600 V 04713 MR856
CR7, 8 1901-1065 2 power rect 1 A 400 V 14936 IN4936
CRS9, 10 Not Used
Tt CR11, 12 1901-0050 9 diode switching 200 mA B0 V 28480
CR13 1901-0883 1 power rect 30 A 300 V 28480
CR14 1901-0496 1 power rect 12 A 100 V 04713 MR1121
CR15, 16 1801-005%0 diode switching 200 mA B0 V 28430
CR17-20 Not Used
CR21 1901-0050 diode switching 200 mA 80 V 28480
CR22, 23 1901-0327 2 power rect 1 A 200 V 03508 A14B
CR24-27 1901-0050 diode switching 200 mA 80 Vv 28480
CR28-30 1901-0033 3 diode 200 mA 180 V 28480
F1 Not Used
F2 2110-0094 1 fuse 1.25 A 250 V 28480
L1, 2 choke assy, consists of:
9170-0721 2 core, magnetic 28480
06024-80054 2 coil 28480
L3 06024-80096 1 inductor 3 A 28480

tThese components should all be replaced together; service kit contains all components.
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Table 6-4. Replaceable Parts List (cont.}

Ref. HP Mfr. |
Desig. Part No. TQ Description Code Mir. Part No. J
L4, 56 2 Not Used
L6 06024-80097 1 inductor 12 A 28480
L7 choke assy 3uH, consists of:
9170-0707 1 ferrite core 28480
06024-80095 i coil 28480
L8, 9 Not Used
£10 9170-1134 1 raghetic core 28480 '
T Q1,2 5080-2017 2 FET 28480
t Q3,4 1854-0477 3 NPN Si 04713 2N2222A
Qas 1854-0755 1 NPN Si 3L585 2N6254 )
Q6 1854-0644 1 NPN Si 3L585 29C
Q7,8 Not Used
Q9 1854-0823 1 NPN Si 28480
Q10 1854-0585 1 NPN Sij 04713 MJE182
Qti 1854-0477 NPN Si 04713 2N2222A
Qi2 1854-0215 1 NPN Si 04713 2N3904
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 10k 5% 1/4 W o121 CB-1035
R3 0757-0438 1 fxd film 5.11 k 1% 1/8 W 24548 C4-1/8-TO-5111-F
R4 Not Used
R5, 6 0811-1867 2 fxd ww 15k 5% 5 W 28480
R7, 8 0698-3547 2 fxd comp 15% 1/2W o1 EB-10G5
RY, 10 Not Used
R11 0698-3601 2 fxd film 100 5% 27167 FP42-2-TOO-10R0O-J
R12 0811-1857 2 fxd ww 400Q 5% 5 W 28480
R13 0683-1055 3 fxd comp 1M 5% 1/4 W o1 CB-1055 :
T R14 0698-3378 2 fxd comp 510 5% 1/8 W . 01121 BB-5105 T
R15 0683-3915 2 fxd comp 3800 5% (/4 W 01121 CB-3915
t R16 0683-1015 2 fxd comp 1002 5% 1/4 W 0112t CB-1015
R17 Not Used
R18 0698-3601 fxd film 100 5% 27167 FP42-2-TOO-10RC-J
R19 0811-1857 fxd ww 40082 5% 5 W 28480
R20 0683-1055 fxd comp 1M 5% 1/4 W 0121 CB-1055
t R21 0698-3378 fxd comp 510 6% 1/8 W on21 BB-5105
R22 0683-3915 fxd com p 3900 5% 1/4 W on21 CB-3915
t R23 0683-1015 fxd comp 10002 5% 1/4 W 01121 CB-1015
R24-26 Not Used
R27 0698-3628 1 fxd film 220Q 5% 2w 28480
R28, 29 0811-1094 2 | fxd ww 0.42 5% ' 28480
R30 0698-3225 1 fxd film 1.43 k 1% 1/8 W 24546 C4-1/8-TC-1431-F
R31 0811-1865 1 fxd ww 2k 1% 5 W 28480
R32 0689-6225 1 fxd film 6.2k 5% W 28480
R33 0683-1025 3 fxd comp 1k 5% 1/4 W 021 CB-1025
R34 0698-0084 1 fxd fim 215k 1% 1/4 W 24546 C4-1/8-TO-2151-F
R35 0812-0019 1 fxd ww 0.33 5% 3 W 28480
R36 0757-0391 1 fxd film 39.2 1% 1/BW 24546 C4-1/8-TO-39R2-F
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Table 6-4. Replaceable Parts List {cont.}

Ref. HP Mfr.

Desig. Part No. TQ Description Code Mfr. Part No.
R37 0683-1025 fxd comp tk 5% 1/4 W o121 CB-1025

R38 0683-2725 1 fxd comp 2.7 k 5% 1/4 W 0121 CB-2725

R39 0757-0442 3 fxd film 10 k 1% 1/8 W 24546 C4-1/8-TQ-1002-F
R40 0683-1025 fxd comp 1 k 5% 1/4 W o121 CB-1025

R41 Not Used

R42 0757-0442 fxd film 10 k 1% 1/8 W 24b46 C4-1/8-TO-1002-F
R43 0757-0458 1 fxd fim 56.2 k 1% 1/8 W 24546 C4-1/8-TO-5622-F
R44 0757-0317 1 fxd film 1.33 k 1% 1/8 W 24546 C4-1/8-TO-1331-F
R45 Not Used

R46 0757-0472 1 fxd fitm 200 k 1% 1/8 W 24546 C4-1/8-TQ-2003-F
R47 0698-6342 1 fxd fitm 90 k 0.1% 1/8W 28480

R48 Not Used

R49 0757-0123 1 fxd film 34.8 k 1% 1/8 W 28480

RBO 0698-3496 1 fxd film 3.57 k 1% 1/8 W 24546 C4-1/8-TO-3571-F
R51 0698-4157 1 fxd film 10k 0.1% 1/8 W 28480

R52 Not Used

R5E3 0757-0288 1 fxd film 9.09k 1% 1/8 W 19701 MF4C1/8-TO-8091-F
R54 Not Used :

R55, 56 0683-1035 fxd comp 10 k 5% 1/4 W o221 CB-1035

R57 Not Used

R58 0698-3151 1 fxd film 2.87 k 1% 1/8 W 28480

R59, 60 Not Used

R61 0686-4715 1 fxd comp 4700 5% = W o2 EB-4715

R62 0683-3305 1 fxd comp 330 5% 1/4 W o121 CR-3305

R63,163, 0683-0275 3 fxd comp 2.7 5% 1/4 W 01121 CB-0275

263

R64 0683-1065 i fxd comp 1M 5% 1/4 W 01121 CB-1055

RE5 0757-0442 fxd film 10 k 1% 1/8 W 24546 C4-1/8-TO-1002-F
R66 0683-5150 1 fxd comp 512 5% 1/4 W o2 CB-5105

R67, 68 0698-4132 2 fxd comp 622 1% 1/8W 28480

RT1, 2 0839-0006 2 thermistor disc 10% 28480

51 Not Used

§2 3101-1914 switch, slide, 2-DPDT 28480

T 06024-80090 1 power transformer 28480

T2 5080-1937 1 current limit transformer 28480

T3, 4 5080-2018 2 driver transformer 28480

T5 06024-80091 1 bias transformer 28480

TB1 0360-1903 1 barrier block, 7 term 28480

T31 3103-0017 1 thermal switch +193° F 28480

U1 1826-0161 1 IC, op amp quad 04713 MLM324P

Uz, U2 1820-1050 2 IC, driver nor dual 2 inp 01295 SN75454BP

U3, 4 1906-0006 2 full wave bridge rect 1A 400 V IB546 VE4AS

us 1826-0346 1 IC, op amp dual 27014 LM358N

VR1 1902-0575 2 zener 6.5 V 2% 28480

VR2 1902-3002 1 zener 2,37 V 5% 28480

VR3 1902-0057 1 zener 6.43 V 5% 28480

VR4 1802-0675 zener 6.5V 2% 28480
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Table 6-4. Replaceable Parts List {cont.)

Ref. HP Mfr.
Desig. Part No. TG Description Code Mir. Part No. _ )
VRS 1902-3180 1 | zener11.8v 2% 28480 '
VR6 1802-0064 1 zener 7.5V 5% 28480
W1 8150-2543 wire 18 AWG, 1 inch 28480
XAL Not Used
XA2 1251-1886 1 PCB edge connector 28480
A1 Power Mesh Assembly-Mechanical and Miscellaneous
0340-0170 1 Insulated bushing for CR14 28480
0340-0171 1 Insulated bushing for CR13 28480
0340-0174 2 Insulator for 1, 2 28480
0340-0503 2 Insulator for Q1, 2 28480 s
0340-0784 1 Insulated bushing for T1 28430
0360-1843 8 Single stud terminal for RT1, 2, R14, 21 28480
0360-1979 ] Terminal stud for Q1, 2, 5 28480
1205-0282 1 Heatsink for Q6 28480
1251-0600 1 Contact connector 28480
2110-0269 2 Fuseholder clips for F2 2B4B0
06024-00009 2 FET heatsink for Q1, 2 28480
06024-00010 1 Heatsink for CR13, 14, Q5 28480
60034-60003 1 Cable assembly 28480
06034-80001 1 Heat dissipator 28480
0362-0265 2 Single-contact connector for fan 28480
A2 Control Board Assembly
Ct, 2 0180-0291 3 fxd elect 1uf 35 V 56289 150D 105X9035A2
C3 4 0160-1074 2 fxd cer 0.47uf 26 V 28480 )
Ch 0160-2215 1 fxd mica 750pf 300 V 5% 28480
Cé 0140-0200 1 fxd mica 390pf 300 V 5% 28480
c7 0160-4722 5 fxd cer 0.1uf BO V 28480 i
Cc8 Not Used
Co, 10 0160-3070 2 fxd mica 100pf 300 V 5% 28480
cn 0180-0291 fxd elect 1uf 35 V 56289 150D 106X0935A2
€12, 13 0140-0199 4 fxd mica 240pf 300 V 5% 28480
C14-16 0160-4722 fxd cer 0.1uf 50 V 28480
ci17 0140-0199 fxd mica 240 pf 300 V 5% 28480
cis 0160-0152 2 fxd film 6800pf 200 V 28480
C19 0160-0153 1 fxd film 1000pf 200 vV 28480
C20 0170-0040 1 fxd film 0.047uf 200 V 28480
N 0160-0159 fxd film 6800pf 200 V 28480
c22 0140-0203 1 fxd mica 30 pf 500 V 5% 28480
C23 0160-5377 1 fxd film 2.2uf 6.3 V 28490
C24 0160-0127 1 fxd cer 1uf 25 V 28480
C25 1060-4741 1 fxd cer 0.22uf 50 V 28480 .
C26 0160-4557 3 fxd cer 0.1uf BO V 16299 CACO4X7R104M0OB0A
Cc27 0160-0154 1 fxd film 2200pf 200 V 28480
C28 0180-3056 1 fxd elect 390uf 20 V 28480
C29 0160-4722 txd cer 0.1:f 50 V 28480
o
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Table 6-4. Replaceable Parts List (cont.}

Ref. HP Mir.

Desig. Part No. TQ | Description Code Mfr. Part No.
C30 0160-3490 2 fxd cer 1uf 50 V 28480
C31,32 0160-4557 fxd cer 0.1xf 50 V 16299 CACO4XR104M0OB0A
C33 0160-0162 1 fxd film 0.022xf 200 V 28480
C34 0160-3490 fxd cer 1uf 50 V 28480
C35 0140-0139 fxd mica 240pf 300 V 5% 28480
C36 0160-0161 3 fxd film 0.01xf 200 V 28480
CR1 1801-0050 10 dicde switching 200 mA 80 V 28480
CR2-4 Not Used
CR5, 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 diode 200 mA 180 V 28480
CR16, 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 1901-0050 diode switching 200 mA 80 V 28480
CR28, 29 Not Used
CR30, 31 1901-0033 diode 200 mA 180 V 28480
J1 1200-0507 L 16 contact IC socket 28480
Q1 1854-0448 1 NPN Si 28480
Qz 1853-0041 1 PNP Si 28480
Q3 Not Used
Q4-8 1854-0823 6 NPN Si 28480
Q9-13 Not Used
Q14 1854-0823 NPN Si 28480
R1 0683-2025 1 fxd comp 2 k 5% 1/4 W o121 CB-2025
R2 0757-0436 1 fxd film 4.32 k 1% 1/8W 24548 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 0757-0250 1 fxd film 6.19 k 1% 1/8 W 19701 MF4C1/8-TO-6191-F
R5 0698-4136 1 fxd film 1.07 k 1% 1/8 W 24546 C4-1/8-TO-1071-F
R6, 7 Not Used Not Used
R8 0757-0440 1 fxd film 7.5k 1% 1/8W 24546 C4-1/8-TO-7501-F
R9 0698-44384 1 fxd film 18.1 k 1% 1/8 W 24546 C4-1/8-TO-1912-F
R10 0757-0446 1 txd film 15k 1% 1/8 W 24546 Ca-1/8-TO-1502-F
R11 0698-4470 1 fxd film6.98 k 1% 1/8 W 24546 C4-1/8-TO-6981-F
R12-14 Not Used
R15 0757-0442 4 fxd film 10 k 1% 1/8 W 24546 C4-1/8-TO-1002-F
R16 0757-0416 1 fxd film 5112 1% 1/8 W 24546 C4-1/8-TO-511R-F
R17 0698-3449 1 fxd film 28.7 k 1% /8 W 24546 C4-1/8-TO-2872-F
R18 0698-0084 8 fxd film 2.15k 1% 1/8 W 24546 C4-1/8-TO-2151-F
R19 0757-0449 4 fxd film 20 k 1% 1/8 24546 C4-1/8-TO-2002-F
R20 0757-0442 fxd film 10k 1% 1/8 W 24548 C4-1/8-TO-1002-F
R21 0757-0449 fxd film 20k 1% 1/8 W 24548 C4-1/8-TO-2002-F
R22 Not Used
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Table 6-4. Replaceable Parts List (cont.}

Ref. HP Mfr.

Desig. Part No. TQ Description Code Mfr. Part No.
R23, 24 0658-0084 fxd film 2.15 k 1% 1/8 W 24546 C4-1/8-TO-2151-F
R25 0757-0413 1 fxd film 3920 1% 1/8 W 24546 C4-1/8-TO-392R-F
R26, 27 0757-0433 3 fxd film 3.32 k 1% 1/8 W 24546 C4-1/8-TO-3321-F
R28 0757-0427 1 txd film 1.5k 1% 1/8 W 24546 C4-1/8-T0O-1501-F
R29 0658-0084 fxd film 2.15 k 1% 1/8 W 24545 C4-1/8-TO-2151-F
R30, 31 Not Used

R32, 33 0757-0451 fxd film 243k 1% 1/8W 24546 C4-1/8-TQ-2432-F
R34 0698-0084 fxd film 2,15k 1% 1/8 W 24546 C4-1/8-TO-2151-F
R35 0683-1055 2 fxd comp 1 M 5% 1/4 W on2 CB-10565

R36 0683-3330 1 fxd comp 33k 5% 1/4 W o121 CB-333%

R37-39 Not Used

R40 0698-3498 1 fxd film 8.66 1% 1/8 W 24546 C4-1/8-TO-8661-F
R41, 42 Not Used

R43 0683-2225 1 fxd comp 2.2k 1% 1/8 W 24546 C4-1/8-TQ-2201-F
R44 0683-1045 3 fxd comp 100 k 5% 1/4 W 01121 CB-1045

R45, 46 0683-4725 2 fxd comp 4.7 k 5% 1/4 W 01121 CB-4725

R47 0757-0418 1 fxd film 619 1% 1/8 W 24545 C4-1/8-TO-619R-F
R48 Not Used

R49 0698-0084 fxd film 2.15 k 1% 1/8 W 24546 C4-1/8-TO-2151-F
R&0 0757-0442 fxd film 10k 1% 1/8 W 24546 C4-1/8-TO-1002-F
RB1 0757-0424 1 fxd film 1.1k 1% 1/8 W 24546 C4-1/8-TO-1101-F
R&2 0757-0280 2 fxd film 1 k 1% 1/8 W 24546 C4-1/8-TO-1001-F
R&3 0757-0447 2 fxd film 16.2 k 1% 1/BW 24546 C4-1/8-TO-1622-F
Ro4 2100-3351 1 var res 5001 5% 28480

RE5 0757-0270 2 fxd film 249k 1% 1/8 W 24546 C4-1/8-TO-2493-F
R56 0757-0473 1 fxd film 221 k 1% 1/8 W 24546 C4-1/8-TO-213-F
R57 Not Used

R58 0698-4536 1 fxd film 340 k 1% 1/8 W 28480

RE9 0683-6835 1 fxd comp 68 k 5% 1/4 W o121 CB-6835

RE0 0757-0461 1 fxd film 68.1 k 1% 1/8 W 24546 C4-1/8-TO-6812-F
R61 0683-1045 fxd comp 100 k 5% 1/4 W o221 CB-1045

R62 0757-0270 fxd film 249 k 1% 1/8 W 24546 C4-1/8-TO-2493-F
R63 0683-1065 1 fxd comp 10 M 5% 1/4 W 01121 CB-1065

R&4 0698-5094 1 fxd film 5.1 M 5% 1/4 W on21 CB-5155

R65 2100-3353 1 var res 20 k 10% 28480 C4-1/8-TO-2002-F
R&6 0757-0278 2 fxd film 1.78 k 1% 1/8 W 28480 C4-1/8-TO-1781-F
R67 0757-0447 fxd film 16.2 k 1% 1/8 W 24546 C4-1/8-TO-1622-F
R68 Not Used

R63 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-B
R71 0698-6343 1 fxd fiim9 k 0.1% 1/8 W 24546 C4-1/8-T0-9001-F
R72 0757-0400 1 fxd film 90.992 1% 1/8 W 24546 C4-1/8-TO-90RS-F
R73 0686-6225 1 fxd comp 6.2 k 5% 1/2 W o121 EB-6226

R74-76 Not Used

R77, 78 0686-1035 2 fxd comp 10 k 5% 1/2 W 01121 EB-1035

R79 0683-1055 fxd comp 1M 5% 1/4 W o121 CB-1055




Table 6-4. Replaceable Parts List lcont.}

Ref. HP Mir.

Desig. Part No. TQ Description Code Mfr. Part No.

R80 0757-0458 2 fxd film 51.1 k 1% 1/8 W 24546 C4-1/8-TO-5112-F

RB1 0757-0442 fxd film 10 k 1 % 1/8 W 24546 C4-1/8-TQO-1002-F

RB2 0683-1645 1 fxd comp 160 k 5% 1/4 W 01121 CB-1645

R83, 85 2 Jumpers 28480

R84, 86,87 Not Used

R83-88 Not Used

A89 0757-0280 fxd film 1k 1% 1/8 W 24546 C4-1/8-TO-1001-F

RY0 0757-0344 3 fxd film 1 M 1% 1/4 W 24546 C5-1/8-TO-1004-F

R91 2100-3970 1 var res 28480

R92 2100-3969 1 var res 28480

R93 0698-6341 1 fxd film 7502 1% 1/8 W 28480

R94 0698-3274 1 fxd fim 10k 1% 1/8 W 28480

RY95 0757-0344 fxd film 1 M 1% 1/4 W 24546 C5-1/8-TO-1004-F
" R96 0757-0433 fxd film 3.32 k 1% 18 W 24546 C4-1/8-TO-3321-F

R97 0757-0344 fxd fiim 1M 1% 1/4 W 24546 C4-1/8-TO-1004-F

R98, 99 Not Used

R100 0683-5105 1 fxd comp 512 5% 1/4 W 01121 CB-5105

R101 0683-0275 1 fxd comp 2.72 5% 1/4 W o221 CB-027%

R102 0757-0438 3 fxd film 5.11 k 1% 1/8 W 24546 C4-1/8-TO-5111-F

R103-107 Not Used

R108 0698-4121 1 fxd film 1.3k 1% 1/8 W 24546 C4-1/8-TO-1132-F

R109 Not Used

R110 0757-0436 fxd fim4.32k 1% 1/8W 24546 C4-1/8-TO-4321-F

R111 0698-4014 1 fxd film 7872 1% 1/8 W 24546 C4-1/8-TO-787R-F

R112 Q757- 0458 fxd film 51.1 k 1% 1/8 W 24546 C4-1/8-TO-5112-F

R113, 114 0698-0084 fxd film 2.15k 1% 1/8 W 24546 C4-1/8-TC-2151-F

R115, 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 21.5Q 1% 1/8 W 24546 C4-1/8-TO-2152-F

R119 Not Used

R120 0757-0438 fxd film 5.11 k 1% 1/8 W 24546 C4-1/8-TQ-5111-F

R121 0757-0421 fxd film 8250 1% 1/8 W 24546 C4-1/8-TO-825R-F

R122 Q757-0282 1 fxd film 2212 1% 1/8 W 24546 C4-1/8-TO-221R-F

R123 0757-0438 fxd flm 5.11 k 1% 1/8 W 24546 C4-1/8-TO-5111-F

R124 0683-1045 fxd comp 100 k 5% 1/4 W 01121 CB-1045

R125 Not Used

R126 0757-0278 fxd film 1.78 k 1% 1/8 W 24546

Ul 1826-0144 1 iC. vitgreg, +5 V 04713 MC7805CP

uz2, 3 1820-0493 2 IC, op amp 27014 LM307N

U4 1826-0138 1 IC, comparator quad 01295 LM339N

us 1820-1443 1 {C, counter bin 01295 SN74LS283N

us 1826-0065 2 IC, comparator S0545 UPC311C

U7 1820-1203 1 IC, tri 3-inp pos-and gate 01295 SN74LS11IN

us 1820-1209 1 IC, quad 2 inp pos-nand buff op coll out 01295 SN74LS38N

u9 1820-1112 1 IC, dual D-type pos-edge trig FF 01295 SN74LS74AN

u1o 1820-1437 1 IC, dual monos multiv 01295 SN74L.5221N

un 1826-0524 1 IC, op amp quad 27014 LM324AN




Table 6-4. Replaceable Parts List {cont.}

Ref. HP Mir.
Desig. Part No. TQ Description Code Mfr. Part No. ;
uiz 1826-0065 IC, comparator S0 5456 UPC3t1C
U13 1820-0477 1 IC, op amp S0 b45 UPC30tAC
U4 1826-0161 1 IC, op amp quad 04713 MLM324P
VR1 1902-0777 1 zener 6.2 V 5% 04713 IN825
VR2 1902-0575 1 zener 6.5 V 2% 28480
VR3 1902-0057 zener 6,43 V 5% 28480
Y1 0960-0586 1 ceramic resonator 28480
Z1 1810-0231 1 res. network 01121 208A222
Z2 1810-0279 1 res. network 01121 210A472
A2 Control Board Assembly-Mec*anical and Miscellaneous

1200-0181 2 Insulator for Q1, 2 28480

1205-0282 1 Heatsink for U1 28480

0590-0199 1 Hex nut with lockwasher for U1 28480
A3 Front Panel Assembly
C1 140-0180 2 fxd mica 39pf 300 V 5% 28480
Cc2, 3 0160-4722 15 fxd cer 0.1uf 50 V 28480
Ca-6 0160-4761 16 fxd cer 0.01uf 100 V 28480
c7 0180-0032 1 fxd elect 10uf 12 V 56289 30D106G012BAZ
cs8 0160-4761 fxd cer 0.01xf 100 V 28480
co 0180-0059 3 fxd elect 10uf 25 V 56289 30D106G0O25BB2
ci1o 0160-4761 fxd cer 0.01uf 100 V 28480
cn 0180-0059 fxd elect 10uf 25 V . 56289 30D106G025BB2
€12, 13 0170-0040 2 fxd film 0.047,f 200 V 28480
C14, 15 0160-0166 2 fxd film 0.068.f 200 V 28480
Cc16 Not Used
C17-19 0160-4722 fxd cer 0.1uf 50 V 28480 : e
C20 Not Used :
C21-23 0160-4722 fxd cer 0.1uf 50 V 28480
C24 Not Used
C25 0160-4722 fxd cer 0. 1uf 50 V 28480
C26 0160-4801 2 fxd cer 100pf 100 V 5% 28480
c27 0160-4722 fxd cer 0.1uf 50 V 28480
c28, 29 01860-4761 fxd cer 0.01uf 100 V 28480
C30, 31 0160-4722 fxd cer 0.1uf 50 V 28480
C32 0160-5101 2 fxd met film 14f 63 V 28480
C33 0160-4722 fxd cer 0.1uf 50 V 28480
C34 0160-4801 fxd cer 100pF 10 V 5% 28480
C35, 36 0160-4761 txd cer 0.01uf 100 V ' 28480
C37 0160-0174 1 fxd cer 0.47uf 25 V 28480
C38 0160-4761 fxd cer 0.01uf 100 V 28480
C39, 40 0160-4722 fxd cer 0.1uf 50 V 28480 .
Cca 0140-0190 fxd mica 39pf 360 V 5% 28480
Cc42 0160-4761 fxd cer 0.01.f 100 V 28480
C43 0180-0059 fxd elect 10uf 26 V 56289 30D106G025B8B2
Ca4-48 0160-4761 fxd cer 0.01uf 100 V 28480 .
C49 0160-5101 fxd met film 1uf 63 V 28480 o ,.)
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Tabie 6-4. Replaceable Parts List {cont.)

Ref. HP Mifr.

Desig. Part No. TQ Description Code Mfr. Part No.

CR1, 2 1901-0461 3 diode 200 mA 10 V 28480

CR3 1901-0033 4 diode 200 mA 180 V 28480

CR4 1901-0461 diode 200 mA 10 V 28480

CRb, 6 Not Used

CR7, 8 1901-0376 2 diode b0 mA 35 V 28480

CRg, 10 1901-0033 diode 200mA 180 V 28480

CRi1 Not Used

CR12 1801-0033 diode 200 mA 180 V 28480

DSt 1990-0681 2 display, single digit, + 28480 5082-7656

D324 1990-0540 6 7-segment display 28480 5082-7650

D55 1990-0681 display, single digit, * 28480 5082-7656

DS6-8 1990-0540 7-segment display 28480 5082-7650

DS9 1990-0772 1 LED 28480 HLMP-2655

DS10-25 1990-0831 16 LED 28480

G1 06034-60006 1 rotary pulse generator assembl 28480

1 AsB | 0603460004 | 1 | J1 Cable Asgmry - T 58as0

J2 06034-60005 1 J2 Cable Assembly 28480

J3, 4 1251-7217 2 connector 28480

J5 1251-7690

K1 0490-1013 1 relay 28480

L1 9100-1618 1 coil 5.6uH 10% 28480

Qi 2 1863-0281 2 PNP Si 0413 2ZN2907A

Q3 1853-0035 i PNP Si 28480

Q4 1853-009% 1 PNP Si 28480

Q58 1854-0823 4 NPN Si 28480

R1 0757-0465 3 fxd film 100 k 1% 1/8 W- 24546 C4-1/8-TO-1003-F

R2 0698-6351 2 fxd film 133 k 1% 1/8 W 28480
“ R3 2100-3214 3 var res 100 k 28480

R4 2100-3659 2 var res 20 k 10% 32997 3292wW-1-203

RS 0698-7845 2 fxd fim 215k 1% /8 W 19701 MF4C1/8-T9-2162-F

R6 0628-6351 fxd film 133 k 1% 1/8 W 28480

R7 2100-3097 2 var res, 100 k 10% 32997 3292wW-1-104

R8 2100-3653 var res. 20 k 10% 32997 3292W-1-203

R9 0698-7845 fxd film 21.5k 1% 1/8 W 19701 MF4C1/8-T9-2162-F

R10 0698-6342 2 fxd film 90 k 1% 1/8 W 28480

R11 0811-3154 1 fxd ww 9 k 0.05% 20940 114-1/32-9001-A

R12 0811-3198 1 fxd ww 1k 0.05% 28480

R13-16 Not Used

R17 0683- 8205 1 fxd comp 82(15% 1/4 W 01121 CB-8205

R18 0686-7515 1 fxd comp 7500 5% 1/2 W o121 EB-7515

R19 0698-4157 1 fxd film 10k 0.1% 1/8 W 28480

R20 0698-6342 fxd film 90 k 1% 1/8 W 28480

R21 0698-b558 1 fxd film 25k 1% 1/8 W 28480

R22 0698-7961 1 fxd film 80.6 k 1% 1/8 W 24546 C4-1/8-TO-8062-F
) R23 0683-4315 3 fxd comp 43002 6% 1/4 W o121 CB-4315

R24 0683-1035 3 fxd comp 10 k 5% 1/4 W o221 CB-1035

R25 (683-3935 3 fxd comp 33 k 5% 1/4 W o1 CB-3935

R26 0757-0438 1 fxd fim 6,81 k 1% 1/8 W 24546 C4-1/8-TO-6811-F




Table 6-4. Raplaceable Parts List (cont.)

Ref. HP Mfr.

Desig. Part No. TQ Description Code Mfr. Part No.
R27 0698-6960 1 fxd film 27 k 1% 1/8 W 28480

R28 0683-3935 fxd comp 33 k 5% 1/4 W o121 CB-393%

R29 (698-4500 1 fxd film57.6 k 1% 1/8 W 24546 C4-1/8-TO-5762-F
R30 0757-0433 1 fxd film 3.32 k 1% 1/8 W 24546 C4-1/8-TO-3321-F
R31 (698-5449 1 fxd fim5k 0.1% 1/8 W 19701 MF4C-1/8-T2-5001-B
R32 (698-6863 1 fxd film 1.537 k 0.25% 1/8 W 28480

R33, 34 0683-4315 fxd comp 4302 5% 1/4 W 01121 CB-4315

R35 0683-1015 3 fxd comp 1002 5% 1/4 W o221 CB-1015

R36, 37 0757-0481 2 fxd film 475 k 1% 1/8 W 19701 MF4C1/8-TO-4753-F
R38 0757-0270 1 fxd film 249 k 1% 1/8 W 24546 C4-1/8-T0Q-2493
R39 0683-6225 1 fxd comp 6.2 k 5% 1/4 W 030 bal CB-6225

R40 0683-3625 1 fxd comp 3.6 k 5% 1/4 W o121 CB-3625

R41 0698-0085 1 fxd film 2.61 k 1% 1/8 W 24546 C4-1/8-TO-2611-F
R42 2100-3211 1 varres 1 k 10% 28480

R43 2100-1775 1 varres 5k 5% 32997 3292W-1-502

R44 0683-3935 fxd comp 33k 5% 1/4 W o221 CB-3935

R45, 46 0683-1035 fxd comp 10k 5% 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 01121 CB-1005

R50, 5t 0757-0344 fxd film 1M 1% 1/4 W 24546 C5-1/8-TO-1004-F
R62 0757-0289 1 fxd film 13.3 k 1% 1/8 W 19701 MF4C1/8-TO-1332-F
R63 0698-8751 1 fxd film 14.7 k 5% 1/8 W 28480

R54 0683-2225 3 fxd comp 2.2k 5% 1/4 W o121 CB-2225

RE5, 56 0757-0395 2 fxd film 56.2 k 1% 1/8 W 24546 C4-1/8-TO-5622-F
R&7 0757-0934 1 fxd fitm 2.7 k 2% 1/8 W 24546 C4-1/8-T0O-2701-F
R58 0698-6318 fxd iim15K 1% 1/8 W 28480

RE9 0757-0442 6 fxd film 10k 1% 1/8 W 24546 C4-1/8-TO-1002-F
R60 0698-4121 1 fxd film 11.3k 1% 1/8 W 24546 C4-1/8-TO-1132-F
R61-70 0683-3015 15 fxd comp 300 5% 1/4 W onz21 CB-3015

R71 0698-7082 1. fxd film 100 k 1% 1/8 W 28480

R72 0698-3226 1 fxd film 6,49k 1% 1/8 W 24546 C4-1/8-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 film4.12k 1% /8 W 24546 C4-1/8-TO-4121-F
R75 (683-3015 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 0698-3433 fxd film 4.12k 1% 1/8 W 24546 C4-1/8-TO-4121-F
R78 2100-3089 2 var res 5 k 10% 32997 3292wW-1-502

R73 0699-0236 1 fxd fim 2.5k 1% 1/8 W 28480

R8O 2100-3089 var res 5 k 10% 32997 3292w-1-602

R81, 82 2100-3214 var res 100 k 10% 28480

R83-86 0757-0467 4 fxd film 121 k 1% 1/8 W 24546 C4-1/8-TC-1213-F
RB7, 88 0757-0278 2 fxd film 1.78 k 1% 1/8 W 28480

R89, 50 2100-3210 2 var res 10 k 10% 28480

R91 0757-0200 2 fxd film 5.62 k 1% 1/8 W 24546 C4-1/8-TO-bB21-F
R92, 93 0683-2735 2 fxd comp 27 k 5% 1/4 W ot121 CB-27356

R94 0757-0465 fxd film 100 k 1% 1/8 W 24546 C4-1/8-TO-1003-F
R95 0757-0344 fxd film 1M 1% 1/4 W 24546 C4-1/8-TG-1004-F
R96 2100-3097 var res 100 k 10% 32997 3Z292W-1-104




Tahble 6-4. Replaceable Parts List (cont.)

Ref. HP Mfr.

; Desig. Part No. TQ Description Code Mfr. Part No.
RY7-99 0683-3015 fxd comp 3002 5% 1/4 W 01121 CB-3015
R100-120,

122-142 0683-2015 44 fxd comp 20002 5% 1/4 W 01121 CB-2015
R121, 145 0683-1015 2 fxd comp 1000 5% 1/4W o221 CB-1015
R143 0683-4325 1 fxd comp 4.3k 5% 1/4 W onz21 CB-4325
R144, 146 0683-2015 fxd comp 2002 5% 1/4 W 01121 CB-2015
R147 0683-3015 fxd comp 3002 5% 1/4 W o121 CB-3015
R148 0683-1025 1 fxd comp 1k 5% 1/4 W 01121 CB-1025
R149 0683-2225 fxd comp 2.2 k 5% 1/4 W o2 CB-222%
R150 0683-4715 1 ixd comp 4700 5% 1/4 W o121 CB-4715
R151 0683-6845 1 fxd comp 680 k 6% 1/4 W 01121 CB-6845
R152 0757-027% 1 fxd film 3.16 k 1% 1/8 W 24546 C4-1/8-TO-3161-F
R153-156 0757-0442 fxd film 10k 1% 1/8 W 24546 C4-1/8-TO-1002-F
R157 0757-0465 fxd film 100 k 1% 1/8 W 24546 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 k 5% 1/4 W 01121 CB-2025
R162 0757-0438 1 fxd film 5.11 k 1% 1/8 W 24546 C4-1/8-TO-5111-F
R163 0757-0200 fxd film 5,62 k 1% 1/8 W 24546 C4-1/8-TO-6621-F
R164 0683-2225 fxd comp 2.2 k 5% 1/4 W oz CB-2225
51 3101-2528 1 switch, pushbutton, OVP DISPLAY 28480
52, 3 5060-9436 2 switch, pushbutton; OUTPUT ADJ LCL 28480
ut.,2 1826-0876 2 IC, A/D Converter
U3 1826-0138 1 IC, comparator quad 01295 LM339N
u4 1820-0493 2 IC, op amp 27014 .M307N -
us 1820-1112 1 IC, dual D-type pos-edge-trig FF 01295 SN74LS74AN :
ue 1820-1298 3 IC, data select multiplex 01295 SN74LS251N
u7 1826-0493 2 IC, op amp 27014 LM308AN
us 1826-0183 2 IC, comparator 07363 UAT734HC i
U9 1820-1298 IC, data select multiplex 01295 SN74LS5251N i
U10 1826-0493 IC, op amp 27014 LM30BAN
un 1826-0183 IC, comparator 07263 UATZ34HC
Ui2-14 1820-1729 3 IC, 8-bit addr latch 01295 SN74LS259N
uis 1820-1298 IC, data select multiplex 01295 SN74LS251N
u1e 1820-0493 IC, op amp 27014 LM307N
VR1 1902-3092 1 zener 4.9V 2% 28480
VR2 1902-0575 2 zener 6.5V 2% 28480
VR3 1902-3149 1 zener 9.09 V5% 28480
VR4 1902-0575 zener 6.5V 2% 28480
VR5 Not Used
VR6 1802-3104 1 zener 5.62 V 5% 28480

A3 Front Panel Assembly-Mechanical and Miscellaneous
1200-0508 8 14 contact IC socket for DS1-8 28480
1200-0564 1 8 contact IC socket for DS9 28480
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Table 6-4. Replaceabie Parts List {cont.}

Ref. HP Mfr.
Desig. Part No. TQ Description Code Mfr. Part No.
1200-0940 1 Multi contact connector, SA socket 28480
1251-7401 2 Single contact connector 28480
4040-1615 16 LED standoffs 28480
06034-60004 1 Cable assembly for J1A, 18 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 Used
c2 0160-4722 11 fxd cer 0.1uf 50 V 28480
C3, 4 0180-0291 4 fxd elect 1uf 35 V 56289 150D 105X9035A2
Ch 0140-019 1 fxd mica b6pf 300 V 5% 28480
€6 0160-4761 14 fxd cer 0.01xf 100 V 28480
C7, 8 0160-4722 fxd cer 0.1uf 50 V 28480
C9, 10 Not Used
c11, 12 0180-0291 fxd elect 1uf 35 V 56289 150D105X3035A2
C13-17 0160-4722 fxd cer 0.1uf 50 V 28480
C18, 19 0160-2197 3 fxd mica 10pf 300 V 5% 28480
c20 0160-4761 fxd cer 0.01f 100 V 28480
c21 Not Used
C22, 23 0160-4761 fxd cer 0.01uf 100 V 28480
C24, 26 Not Used
C26 0160-4761 fxd cer 0.014f 100 V 28480
c27 Not Used
C28 0180-0634 2 fxd elect 180uf 50 V 00853 300ER181U050B
C29, 30 0160-4722 fxd cer 0.1pf 50 V 28480
C31 0160-4761 fxd cer 0.01pf 100 V 28480
C32, 33 0180-0230 4 fxd elect 1uf 50 V 56289 150D 150X0050A2
Cc34 0180-0634 fxd elect 180uf 50 V 00853 300ER1B1U0508
C35 (180-0230 fxd elect 1uf 50 V 56289 150D 105X 0050A2
C36 0160-4761 fxd cer 0.01xf 100 V 28480
C37 Not Used
C38-41 0150-0121 4 fxd cer 0.1uf 50 V 28480
c42 0160-0263 4 fxd cer 0.22uf 50 V 28480
c43 Not Used
Ca4-47 0160-4761 fxd cer 0.01uf 100 V 28480
Cc48 0160-2735 1 fxd mica 1000pf 100 V 5% 28480
Ca9 0180-1893 2 fxd elect 1450uf 45 V 28480
Ch0 0180-2796 2 fxd elect 6300uf 20 V 00853 500632U020AA2B
CH1 0170-0019 1 fxd film 0.1.f 200 V 5% 28480
52, 53 Not Used
Co4 0180-2695 2 fxd elect 1000pf 12 V 00853 301AER101U012B
Ch5 0160-0127 3 fxd cer 1uF 25 V 28480
Co56 0160-2197 fxd mica 10pf 300 V 5% 28480
Ch7 0180-1893 fxd elect 1450uf 45 V 28480
58 0180-2796 fxd elect 6300uf 20 V 00853 500632U020AA2B




Table 6-4. Replaceable Parts List (cont.)

Ref. HP Mir.

Desig. Part No. TQ Description Code Mfr. Part No.
€59 0160-0263 fxd cer 0.22uf 50 V 28480

ce0 Not Used

C61 0160-0263 fxd cer 0.22uf 50 Vv 28480

cé2 0180-2695 fxd elect 1000uf 12 v 00853 301AER102U0128
Cc63 0810-0230 fxd elect 1.f 50 V 56289 150D 105X0050A2
Ce4 Not Used

Ce5 0160-4761 fxd cer 0.01pf 100 V 28480

C66 Not Used

C67, 68 0180-4761 fxd cer 0.01uf 100 V 28480

C69 0160-0263 fxd cer 0.22uf 50 V 28480

c70 Not Used

C71, 72 0160- 3070 2 fxd mica 100pf 300 V 5% 28480

€73, 74 0160-0127 fxd cer 1uf 256 V 28480

C75, 76 0160-0904 2 fxd cer 0.05uf 1k V 28480

c77 0160-4722 fxd cer 0.1pf 50 V 28480

CRt, 2 1901-0033 6 diode 200mA 180 V 28480

CR3 Not Used

CR4-7 1901-0327 1 power rect. 1 A 200 V 03508 A14B

CR8, 9 1901-0418 2 power rect. 1.5 A 400 V 28480

CR10-13 1901-0327 power rect. 1 A 200 V 03508 A14B

CR14, 15 1901-0418 power rect. 1.5 A 400 V 28480

CR16, 17 1901-0327 power rect, 1 A 200 V 03508 Al14B

CR18 Not Used

CR19 1901-0327 power rect. 1 A 200 V 03508 Al4B

CR20-23 1901-0050 4 | diode switching 200 mA 80 V 28480

CR24 Not Used

CR25-28 1901-0033 diode 200 mA 180 V 28480

D51, 2 1990-0486 2 LED 28480

F1 2110-0063 1 fuse 0.75 A 250 V 28480

J1 1251-5722 1 50 pin connector 28480

J2 1258-0189 2 connector 28480

J3 1251-4303 1 15 pin connector 28480

J4 1251-3283 24 pin connector 28480

Jb 1258-0189 connector 28480

Q1, 2 1854-0823 10 NPN Si 28480

Q3 1853-0036 2 PNP Si 28480

Q4 Not Used

a5 1853-0036 PNP Si 28480

a6, 7 Not Used

Q8-15 1854-0823 NPN Si 28480

R1 Not Used

R2 0757-0279 2 fxd film 3.16 k 1% 1/8 W 24548 C4-1/8-TO-3161-F
R3 0757-0422 1 fxd film 9090 1% 1/8 W 28480

R4 0757-0279 fxd film 3.16 k 1% 1/8 W 24546 C4-1/8-TO-3161-F
R5 0683-3915 4 fxd comp 39002 5% 1/4 W 01121 CB-3915

R6 0683-3615 3 fxd comp 36002 5% 1/4 W o CB-3615

R7 0683-1025 4 fxd comp 1k 5% 1/4 W o121 CB-1025
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Table 6-4. Replaceable Parts List (cont.}

Ref. HP Mfr, .

Desig. Part No. TQ Description Code Mfr. Part No. _ )

8 0683-3015 2 fxd comp 3001t 5% 1/4 W 01N CB-3015

R9 0683-3915 fxd comp 3900 5% 1/4 W onz21 CB-3915

R10, i1 0683-7515 3 fxd comp 7500 5% 1/4 W o CB-7515

R12 0683-3615 fxd comp 3600 5% 1/4 W 01121 CB-3615

R13 0683-7515 fxd comp 790 5% 1/4 W 01121 CB-7515

R14 0683-2025 3 fxd comp 2k 5% 1/4 W o021 CB-2025

R15 0683-3915 fxd comp 3902 5% 1/4 W o021 CB-3915 ‘

R16, 17 0683-1035 3 fxd comp 10 k 5% 1/4 W 01121 CB-1035

R18 0683-3615 fxd comp 36002 5% 1/4 W 01121 CB-3615

R19 0683-3015 fxd comp 3002 5% 1/4 W 01121 CB-3015 )

R20 0683-1025 fxd comp 1k 5% 1/4 W 01121 CB-1025

R21 0683-2025 fxd comp 2k 5% 1/4 W onz2 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

R25 0698-5808 2 fxd fim4 k 1% 1/8 W 24546 C4-1/8-TO-4001-F

R26 0757-0289 1 fxd film 13.3k 1% 1/8 W 19701 MF4C1/8-TO-1332-F

R27 Not Used

R28 0757-0408 2 fxd film 2430 1% 1/8 W 24546 C4-1/8-TO-243R-F

R29 0757-0280 2 fxd film 1 k1% 1/8 W 24546 C4-1/8-TO-1001-F

R30 0698-5089 1 fxd film 33 k 1% 1/8 W 24546 C4-1/8-TO-3302-F

R31 0698-3327 2 fxd film 3.92 k 0.5% 1/8 W 28480

R32 0757-0404 2 fxd film 1302 1% 1/8 W 24546 C4-1/8-TO-131-F

R33 0683-1025 fxd comp 1 k5% 1/4 W o221 CB-1025

R34-38 0683-4725 5 fxd comp 4.7 k 5% 1/4 W 01121 CB-4725

R39 Not Used

R40 0757-0408 fxd film 2430 1% 1/8 W 24546 C4-1/8-TO-243R-F

R4 0698-3158 1 fxd film 26.1 k 1% 1/8 W 24546 C4-1/8-TO-2612-F

R42 0757-0280 fxd film 1 k1% 1/8 W 24546 C4-1/8-TO-1001-F

R43 0757-0404 fxd film 13092 1% 1/8 W 24546 C4-1/8-TO-131-F

R44 0698-0064 1 fxd film 931 k 1% 1/8 W 24546 C4-1/8-TO-9311-F

R45 0698-6631 1 fxd fim 2.5k 0.1% 1/8 W 28480

R46-50 Not Used

R&1 0683-1025 fxd comp 1 k5% 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 0698-3202 3 fxd film 1.74 k 1% 1/8 W 24546 C4-1/8-TO-1741-F

R55 Not Used

R56 0757-0413 fxd film 39202 1% 1/8 W 24546 C4-1/8-TO-392R-F

R57 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 24546 C4-1/8-TO-86811-F

R59 0757-0436 fxd film 4.32 k 1% 1/8 W 24546 C4-1/8-TO-4321-F i

R60 0757-0413 fxd film 3922 1% 1/8 W 24546 C4-1/8-TO-392R-F

R61 0757-0458 2 fxd film 51.1 k 1% 1/8 W 24546 C4-1/8-TO-5112-F

R62 0757-0400 1 fxd film 90.9 1% 1/8 W 24546 C4-1/8-TO-90R0C-F

REB3 0698-5868 fxd film 1908 1% 1/8 W 24546 C4-1/8-TO-190R-F

RB4 0757-0413 fxd film 3920 1% 1/8 W 24546 C4-1/8-TO-332R-F o
o

6-16



Table 6-4. Replaceable Parts List (cont.)

Ref. HP Mfr.
Desig. Part No. TQ Description Code Mfr. Part No,

) RE5 0698-3202 fxd film 1.74 k 1% 1/8 W 24546 C4-1/8-TO-1741-F
RGG Not Used
RE7 0698-3202 fxd film 1.74 k 1% 1/8 W 24546 C4-1/8-TO-1741-F
RE8 0757-0413 fxd film 392 1% 1/8 W 24546 C4-1/8-T0O-392R-F
RE9 0757-0436 fxd film 4.32 k 1% 1/8 W 24546 C4-1/8-T0O-4321-F
R70 0757-0439 fxd film 6.8t k 1% 1/8 W 24546 C4-1/8-TO-6811-F
R71 (0698-5808 fxd film4 k 1% /8 W 24546 C4-1/8-TO-4001-F
R72 0757-0436 fxd film 4.32 k 1% 1/8 W 24546 C4-1/8-T0-4321-F
R73 0757-0421 1 fxd film 826 1% 1/8 W 28480
R74 0757-0458 fxd film 51.1 k 1% 1/8 W 24546 C4-1/8-TO-5112-F
R75 0698-3444 1 fxd film 31602 1% 1/8 W 24546 C4-1/8-T0O-316R-F
R76 0698-7961 1 fxd film B0.6 k 1% 1/8 W 19701 MF4C1/8-T9-8061-F
R77 Not Used
R78 0698-3327 fxd film 3.92 k 0.5% 1/8 W 28480
R79 Not Used
R80 0683-1035 fxd comp 10k 5% 1/4 W 01121 CB-1035
R81-85 0757-0283 5 fxd film2 k 1% 1/8 W 24546 C4-1/8-T0O-2001-F
R86, 87 0757-0438 2 fxd film 5. 11 k 1% 1/8 W 24546 C4-1/8-TO-5111-F
R88 0683-2025 fxd comp 2 k 5% 1/4 W onn CB-2025
R89 0683-3915 fxd comp 3902 5% 1/4 W onn CB-3915
51 3101-0447 1 switch 28480
52 3101-1860 1 switch 28480
T1-3 5080-1924 1 3 puise transformer 28480
TP1-17 1251-0646 17 contact connector 28480
U1 1820-1112 7 IC, dual D-type pos-edge-trig FF 01295 SN74LS74AN
U2 1820-1144 1 IC, quad 2 inp pos-nor gate 1295 SN74LS02N
u3 1820-1208 5 IC, quad 2 inp pos-or gate 01295 SN74LS32N
U4 Not Used
us 1AA7-6002 1 IC, chi chip 28480
U6 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. latch 01295 SN74L5259N
U9, 10 1813-0094 2 iC, conv 12-bit D/A 28480
Umn 1820-1208 IC, quad 2 inp pos-or gate 01295 SN74LS32N
Uiz 1820-1195 3 IC, quad D-type FF 01295 SN74LS175N
u13 1820-1208 IC, quad 2 inp pos-or gate 01295 SN74L532N
ui4 1820-1858 IC, octal D-type FF 01295 SN74LS377N
u1s 1820-1729 IC, 8-bit addr. latch 1295 SN74L5255N
(UM]] 1820-1858 IC, octal D-type FF 01295 SN74LS377N
u17 1820-1729 IC, 8-bit addr. latch 01295 SN74LS259N
u18 1820-1858 IC, octal D-type FF 01295 SN74LS377N
u19 1820-1729 IC, 8-bit addr, {atch 01295 SN74LS259N
uz0 1820-1201 3 IC, quad 2 inp pos-and gate 01295 SN74LS08AN
uz21 1820-1199 6 IC, hex inverter 01295 SN74LS04N
u22 1820-1427 1 IC, decoder/demulti 01295 SN74LS156N
uz23 uU24 Not Used
U25 1818-3113 1 IC, 64K ROM 28480




Table 6-4. Replaceable Parts List {cont.)

Ref. HP Mfr.

Desig. Part No. Ta Description Code Mfr. Part No.

u26 1820-1199 IC, hex inverter 01295 SN74LS04N

u27 1820-2747 1 IC, microprocessor

uzs 1820-1207 2 IC, B inp pos-nand gate 01295 SN74LS30AN

Uz29, 30 1820-1216 2 IC, 3 to 8 line decoder/demulti 01295 SN74L.5138N

U 1820-1491 4 IC, hex bus drivers 01295 SN74LS367N

U3z, 33 1818-0140 2 kC, N mos 1 k ram stat 55576 SYP2112A

u34 1820-1419 1 IC, 4-bit mag comp. 01295 SN74LS85N

u3s 1820-1195 IC, quad D-type FF 01295 SN74LS175N |
uU36 1820-1568 2 IC. quad bus buff gate 3-out 01285 SN74LS126N

u37 1990-0593 5 IC, opto isolator 04713 S0C-156

1438, 39 1990-0429 2 IC, opto isolator 28480

Uag, 41 1820-1446 2 IC, 4-bit uni shift regis. 01295 SN74L.5395N

U4z 1820-1204 1 IC, dual 4 inp pos-nand gate 01295 SN74LS20AN

Ua3 1820-1282 1 IC, dual J-K pos-edge-trig FF 01295 SN74LS109N

ua4 1820-1197 1 IC, quad 2 inp pos-nand gate 01295 SN74LS00N

uas 1820-1203 2 IC, trip 3 inp pos-and gate 01295 SN74LS11N

U46 1820-1199 IC, hex inverter 01295 SN74LS504N

ua7 1820-1201 IC, quad 2 inp pos-and gate 01295 SN74LS08AN

U48-50 1820-1491 IC, hex bus driver 01295 SN74LS367N

ust 1820-1196 1 IC, hex D-type FF 01295 SN74L5174N

us2 1820-1851 1 IC, 8 to 3 line octal prior. encoder 01295 SN74L5148

us3 1990-0593 IC, opto isolator 04713 SOC-156

U54-56 1820-1112 IC, dual D-type pos-edge-trig. FF 01295 SN74LS74AN

U57-59 Not Used

uUs0 1826-0277 1 fC, vitg reg. 274 LM320T-15

Us1 1826-0147 2 IC, vitg reg. 04713 MC7812CT

ue2 1820-1195 IC, quad D-type FF 01295 SN74L.S175N

U63 1820-1211 1 IC, quad 2 inp ex-or gate 01295 SN74LS86N

Ue4 1820-1199 IC, hex inverter 01295 SN74LS04N T
U65 1820-1207 IC, 8 inp pos-nand gate 01295 SN74LS30AN

LI66 1826-0607 1 IC, vitg reg 27014 LM340AT-15 %
us7 Not Used i
Ues 1820-1112 IC, dual D-type pos-edge-trig FF 01295 SN74LS74AN g
UBs9 1820-1208 IC, quad 2 inp pos-or gate 01295 SN74LS32N

u70 1820-1112 IC, dual D-type pos-edge-trig FF 01295 SN74LS74AN

u71 1820-1199 IC, hex inverter 01295 SN74LS04N

u72 1820-1437 2 IC, dual monostable multi-vibrator 01295 SN74L8221N

u73 1826-0144 1 IC, vitg reg 04713 MC7805CP

uz7d 1820-1437 IC, dual monostable multi-vibrator 01295 SN74LS221N

u7s 1820-1201 IC, quad 2 inp pos-and gate 01295 SN74LSOBAN

u76 1820-1208 IC, quad 2 inp pos-or gate 01295 SN74LS32N

u77 1820-1203 IC, trip 3-inp pos-and gate 01295 SN74LS11N

u78 1820-1112 IC, dual D-type pos-edge-trig FF 01295 SN74LS74AN .
u79 1820-1568 IC, quad bus buff gate 3-out 01295 SN74LS125N

UB0-83 1820-2058 4 IC, quad bus transceiver 28480

ug4 1820-1199 IC, hex inverter 01295 SN74L.504N

uss 1826-0147 IC, vitg reg. 04713 MC7812CT
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Table 6-4. Replaceabhle Parts List {cont.)

Ref. HP Mfr.
Desig. Part No. TQ Description Code Mfr. Part No.
UB6 Not Used
87 1820-0493 1 IC, op amp 27014 LM307N
B8, 89 1990-0593 IC, opto isolator 04713 S0C-156
U0 Not Used
Ugn 1990-0593 iC, opto isclator 04713 S0OC-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 13.36 V 28480
VRE Not Used
VR7 1902-0671 zener 13.35 V 28480
VRE Not Used
VRY 1902-0575 zener 6.5 V 2% 28480
W1-18 7175-0057 jumper wire
Y1 0410-1033 1 crystal 9.216 MHz 28480
Z1 1810-0125 1 resistor network 28480
A4 -HP-IB/Microprocessor Board-Mechanical and Miscellaneous
0340-1067 4 insulating bushings for CR8, 9, 14, 15 28480
0590-0199 7 Hex nut with lockwasher for 28480
UB0, 61, 66, 73, 85, J4
1200-0485 ] 14 contact IC socket for S2 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, 90 28480
1200-0847 1 Sacket for US 28480
1200-0844 2 Clip for U5 28480
1205-0348 5 Heatsinks for UBQ, 61, 66, 73, 85 28480
1251-4787 1 8 position shunt 28480
1251-7397 1 Mufti contact connector for JUS 28480
1251-7400 1 Multi contact connector for J2 28480
1530-1098 1 Clevis fastener for J4 28480
2110-0269 1 Fuseholder for F1 28480
4330-0145 2 Beaded glass insulator for Y1 28480
06034-60001 1 Cable Assembly 28480
1251-7401 Single-contact connector for J4
Ab Regulator Assembly
Qi1-5 Not Used
Q6 1854-0611 1 NPN Si 04713 2NB055
Q7 1853-0059 1 PNP Sij 04713 2N3791
R1 0811-0929 1 fxd ww 0.510 5% 2 W 75042 BWH2-R51-)
R2 0683-1005 1 fxd comp 1012 5% 1/4 W o121 CB-1005
R3 0812-0019 1 fxd ww 0.3312 5% 3 W 28480




Table 6-4, Replaceable Parts List {cont.}

Ref. HP Mifr.
Desig. Part No, TQ Description Code Mfr, Part No.
A5 Regulator Assembly-Mechanical and Miscellaneous )
0340-0167 4 tnsulated bushings 28480
1251-2913 4 Single contact connector 28480
0340-0181 2 Insulator for Q6, 7 28480
0340-0795 2 Insulator for 06, 7 28480
Chassis Components-Electricai
B1 3160-0343 1 Fan-thax 82877 SUZAS i
F1 2110-0056 i Fuse-6A, 250 V {100 or 120 Vac input) 71400 MTH-6
F1 2110-0055 1 Fuse-4A, 260 V {220 or 240 Vac Input) 71400 MTH-4
FL1 8135-0124 1 RFI fiiter and ac input connector 28480
T1 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 H9027 031.1657
2110-0565 1 Fusheholder cap H9027 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
5041-0202 1 | Line switch cap 28480 H
5041-0300 1 | OvP Display switch cap 28480
5041-0309 1 Voltage QUTPUT ADJUST switch cap 28480 ‘
5041-2089 1 .CL switch cap 28480
06034-00009 1 Rear panel 28480
60034-00008 1 Front panel 28480 T
(6034-00010 b Front chassis 28480
06034-00011 2 Side chassis 28480
06034-00012 1 Baffle 28480
06034-00013 1 Bottom cover 28480
06034-00014 1 Top cover 28480
06034-00015 1 Safety cover, barrier block 28480
06034-00016 2 Side Cover 28480
06034-00018 2 Bar insulator 28480
06034-00019 1 P.C. bracket 28480
7120-1254 1 Nameplate 28480
7120-765% 1 104-127 V Label 28480
7120-7661 1 191-233 V Label (Option 220) 28480
7120-7660 1 208-250 V label (Option 240) 28480
7120-8572 1 information label 28480
7121-1967 1 Serial number lahel 28480
9211-3487 1 Corrugated container 28480
9220-1401 2 Floater pad 28480
9220-3390 2 Filler 28480
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| Section VII
COMPONENT LOCATION ILLUSTRATIONS AND CIRCUIT DIAGRAMS

7-1 T_his section contains component location diagrams, b. Notes [Table 7-1) that apply to all the schematic diagrams.
schematics, and other drawings and tables useful  for c. Microprocessor Input/Output Pins table (Table 7-2)
maintenance of the 6034A power supply. Included in this sec- describing each of the pins on microprocessor A4U27.
tion are; ;

d. Memory Device Jumpers and Components table {Table

7-3} indicating which jumpers are installed for each com-
bination of memory components.

Schematic diagrams (Figures 7-6 through 7-10}. Logic
symbols used on the schematics are described in

a. Component location iflustrations (Figures 7-1 through
7-5}, showing the physical location and reference
designators of almost all electrical parts. (Components €.
located on the Ab Regulator Assembly are easily iden-
tified by lettering on the printed-circuit board.) Appendix B.

AC line voltage is present on the A4
HP-1B/Microcomputer Assembly
whenever the power cord is con-
nected to an ac power source.
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o

K . Table 7-1. Schematic Diagram Notes

1. |:| denotes front-panel marking.

2. e ] denotes rear-panel marking.
3. Complete reference designator consists of component reference designator prefixed 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 tolerance for all resistors.

5. Unless otherwise noted, capacitor values are in microfarads.

6. Square p.c. pads on AT power mesh, and white silkscreened dots on other assemblies indicate one of the following:
a. pin 1 of an integrated circuit or connector.
b. the cathode of a diode or emitter of a transistor.
c. the positive end of a polarized capacitor.

7. Some components that connect two circuits, such as connectors, transformers, and aptical connectors, are shown in more
than one location. In each case, the dashed-line portion represents part of the component that is shown solidly in another circuit.
8. indicates multiple paths represented by only one line. Reference designators with pin numbers

indicate destination, or signal names identify individual paths. Numbers indicate number of paths
represented by the line.

9. For dual in-line integrated circuit packages, pin 1 is either marked with a dot, or pin 1 is to the left {as viewed from top)

of indentation at end of integrated circuit package e.q: ey
& 07 E o B
2] = 7]
E] 4[5 €]
f4] 3] [4] B
F [
[¢] ]
I
5 [@
Pin locations for other semi-conductors are shown below:
TOP VIEW TO° ViEw COPPER
T oy o3 g
© (2
5 O CATHODE
f g
I INPUT
. ToP VIEw I I ' UU” 3 COMMON LED
BCE B CE {32 20UTPUT =
=
c AlQIC AlQs A2Ul
b AGUED A{CRI4
O 24U61
A4U66 .
A4U73 AICRI
AlQi A4U85
a1Q2
AIQS
A4Q6
A3QT
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Table 7-2. Microprocessor Input/Qutput Pins

SIGNATURE PIN 11O DESCRIPTION
ADDRESS BUS
AQ(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 t OUT temn when MEMEN is active and 1/0-bit
A4 13 | OUT addresses and external-instruction
Ab 12 | OUT addresses to the 1/0 system when MEMEN
A6 11 | ouT is inactive. The address bus assumes the
AT 10 | oUT high-impedance state when HOLDA is
AB g9 ] ouT active. TMS 9981 PIN ASSIGNMENTS
A9 8| out
e 7| w0 e =
HOLDA 2 139 READY
Al12 5| ouTt wa 3] ]38 WE
A13/CRUQUT 4 | OUT CRUOUT AB/CRUOUT 4[] 1137 CRUCLK
Serial 1/0 data appears on A13 when an a2 5{ N36 vop
LDCR, SBZ and SBO instruction is ex- Al 6] 135 Vgg
ecuted. This data should be sampled by the A 7[ ]34 CKIN
|/Q interface logic when CRUCLK goes ac- as B[ (133 oscouT .
tive (high). One bit of external instruction a8 o] 032 o7
code appears on A13 during external instruc- a7 w0 13t D6
tion execution. as 11 130 D5
as 12 l2e D4
DO(MSB) 25 | /o DATA BUS as 130 J2e 03
D1 2 | 170 DO through D7 comprise the bidirectional A3 140 27 bz
D2 27 o 3-state data bus. This bus transfers a2 15[ :I:: ot
D3 28 /0 memory data to (when writing) and from ‘::) :3E %2 4 ][:,:.)I.g
D4 29 1/0 {when reading} the external-memory DBIN 18 ] ez INT 1
D5 30| 1O system when MEMEN is active. The data crUN 19 [] D22 INT 2
D6 3 1/0 assumes the high-impedance state when Ve 20 [ 2t 73
. . cC
D7 (LSB} 32 /0 HOLDA is active.
POWER SUPPLIES
Voo 20 Supply voltage (5 V NOM)
Vop 36 Supply voltage (12 V NOM)
Vgsg 35 Ground reference
CLOCKS
CKIN 34 IN Clock In and Oscillator Qut. These pins may be used in either of two modes to generate
0sSCcouT 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 OSCQUT is left floating and CKIN
is driven by a TTL compatible source whose frequency is 4 times the desired system
frequency.
@3 211 oUT Clock phase 3 {&3} inverted.
BUS CONTROL
DBIN 18 | OUT Data bus in. When active (high), DBIN indicates that the TMS 9981 has disabled its out-
put buffers tc allow the memory to place memory-read data on the data bus during
MEMEN. DBIN remains low in all 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 | 110 DESCRIPTION
WE a | out Write enable. When active {low), WE indicates that memory-wtite data is available from
the TMS 9981 to be written into memory.
CRUCLK 37 | oUT CRU clock. When active (high}, CRUCLK indicates that externa! interface logic should
sample the output data on CRUQUT or should decode external instructions on A0, A1,
Al3. :
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).
INT2 22 iN Interrupt code. In the format INTO, INT1, INT2, 111 is level 4, 101 is level 3, 100 is level
INT1 23 tN 2, and 011 is level 1 (highest priority). Reset function is encoded 000.
INTO 24 IN
MEMORY CONTROL
HOLD 1 iN Hold. When active {fow), HOLD indicates to the processor that an external controller
{e.9., DMA device) desires 1o 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 DB!N} and responds
with a hold-acknowledge signal (HOLDA). When HOLD is removed, the processor
returns to normal operation.
HOLDA 2 ouUT 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. i
READY 39 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 2 memory operation,
the TMS 9981 enters a wait state and suspends internal operation until the memory
systems indicate ready.
TIMING AND CONTROL
l1AQ 3 ) out Instruction acquisition. 1AQ is active (high) during any memory cycle when the TMS

9981 is acquiring an instruction. |1AQ can be used to detect ilfegal op codes. |t may also
be used to synchronize LOAD stimulus.

*If the cycle following the present memory cycle is also a memory cycle it, too, is completed before TMS 9981 enters hold state.

Reprinted with changes, courtesy Texas Instruments Incorporated.

7-3




Table 7-3. Memory Device Jumpers and Components

uz2s uz24 ugo Wi W2 w3 W4 W5 w6 W13 w14 Wi1b
64 K
ROM X X X X X X
16K
EPROM X X X X X X
w7 w8 wo w10 W1 w12 u32 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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HP-IB Schematic Notes

1. Because of its complexity, the CHI {Chip for HP-IB In-
terfacel, US, is shown with its inputs and cutputs grouped
and labeled functionally. Bus-status output signals that
are widely distributed throughout the schematic are iden-
tified by mnemonics (e.g., T.E.1 for Transmit Enable 1)
or signal names in fieu of individual connections to each
point.

2. Signal names foliowed by a prime symbol {e.g., T.E.1'}
have been processed by circuits subsequent to the
generation of the original signal. These primed signals may
be affected by gate and/or reset signals. For exampie
T.H." is actually generated by the rising edge of T.H. .

3. The following mnemonics are used on the HP-IB Circuit

schematic:
SPTE Serial Poll Transmit Enable
R.H. Receive Handshake
T.H. Transmit Handshake
T.E.1 Transmit Enable 1
T.R. Transmit Ready
T2 *Qutput from Pulse Transformer T2
T3 *Qutput from Pulse Transformer T3
DC Device Clear
DT Device Trigger

*When T2 occurs alone, it loads data (either from data byte
multiplexer or status byte multiplexer) into or shifts data through
the data shifter. When T3 occurs alone, it toggles the Receive
Handshake circuit alternately between receive ready state
{microprocessor is ready for new data) and receive complete
state (microprocessor has taken in datal.

When T2 and T3 occur together, the clear interrupt decoder
clears the HP-1B interrupt state.

4. Digital Integrated circuit Vcc and Gnd connections are

as follows:
Veo{+5 V) Gnd
U46,47,54-56,63-65,68-71,75-79,84 pin 14 p|n_7
U40,41,48-50,62,72,80-83 pin 16 pin 8
u3s pin 8 pin b

ot

2a

a8

K

P/C_A4 HP-18/MICROCCMPUTER ASSEMBLY

s
44 15 .
™ FROM HP-18/ | oy :
COMPUTER i
fous powes | 2 '
SUPPLY SCHEMATC W [}
UNUSED
15V LC SECTIONS
- S ety
Ul
.
o RBEL RBTL R362 R3S R34
[_;. 47KT 4TKF 4TKT 4TKT 47K
ENg
H N8
LMEM
R R R
' e =
Cpr <] | S
' ENEENN
L«-:.uwzs}] av —
I
1
Lle
s
I R
EN4
-3
ENS
|-
k] g [ DIO3
L-—wle —
3 ————q : o164
4 Iij > ey
L_suwzea P |
ugt
.
! SAME AS
1 ugo
- 3 DK
“ 5 006
i
4
L]
he)
- ; ner A
. D08
L] L] - 3
i
ugs
> DAV ENABLE
: SAME A5
? vsa
] .
5 2 2
[ s L
4
! !
e
s
"
‘ C
" n o
. o B I
C?!i 072<L
L
“
ugaa f
el Em et
P 3 z
[ = L]
ug4s =
. . s
L .
™7 L__J—— W L—
ob 17 T
3 b3 o
» .
S [







P/O A4 HP-|B8/MICROCOMPUTER ASSEMBLY
!
ot
5V
4 FROM HP-18/ | BT i BUS FUNCTIONS
COMPUTER
faus powen | 12 !
SURPLY SCHEMATE | 17 8
B
* 180 +5¢ v 5 ;
t * I t \1/ 3
20 . us e 4B 3
2 ' : L b
N3 R3¢ R37y R3IGe RISS R34 z
22 o | GTKF 4TKF 4IKF ATKT 47K
. £ ' RETURN TO
z I ENS * LoGAL
Ziq
2 £ne 5 DEVICE .
r 2 ) apomess
.
[ s o1 H
' 1 o > v sl
P S v <] E ooz &
) - D al
L.-umm 67 = 2 __ REGUEST &
T SERAL FOLL =
VADORESS! .
‘ i@ Lo RESFOND T4 ot
: E_nnz ot
; EN3 TR
Lﬂ- EN4 ! a g >(
T : REMOTE :
Lh v 5| 55
{
“ ‘p  DiO3 |
3 i > A . ()
i L"—B{IW’EQ) <] —= s
i o
44 o [ s o
L-sn=vm: <] - EWABLE 1
gl
4 SERIAL POLL
! SAME AS
L ueo
. Y
+5V
0108 | 555 ot gRed
i : s I 133 LISTEN o M saan
B 5 SR S S
el . o6 2 % ATORESSED | 27 a3
(BT O LETER e R42 US4A
H v ® \i\,_z LETEN
; . L
] i RAQ
' 243
L) .
i I ey
!
e ﬂ 'y oor A 4l ger bevex | o = .
TRGGER
[P w_|— _ |
5l e 1‘ 3 i o8 v
~ ' 20 | HGH STTE v
ENanLE sz 332
! 2 {0 oune me [ o
’ ' AEDL 26 + .
ERABLE // R23
gz 2nl g5 1K TALK
* DAV ENABLE
R28
: SaME A5 243
T o
i_' It
— / orv | »
2 L CLEAR
| s ] TalkARY
w|s 2 ’ .
‘ 760 UG
i = " si\ha (FALKAR A
. , = L
RETEVE [ o
1 RS I
REX H KE
= " 10y 5| rew CEVE_HANDSHAI
TRiT
- n " B nf FT
AN
e c?z-L
OOF 100pF RECEIVE | 11
7 READY
ugs 0
4 Lo o
\ ‘ . - yre : o
usaa ‘l—u sasE 23 L ; -
' 2 L4 e TRENGaT L= W i M T T ]
:I [ HANOSHAKE " - .
© }m__
- N z 2 RFD 3nlg 5 aule R 3 I
o T3 . TRANSIT | 19 _
= . } ReA AT . .
: ) 2w .
UB4B = [ SR TRANSMIT PO Lt RE..NC
s N s HANDSHAKE MONITOR — TR
3] IDEXTIFY 13
i
= v o1 v x
. R . Iy . =
= 37 = STABILIZE &
2 4 Tr ATH a1
TRt L %zﬁm
= 7
| _ - S j — R I
B [ A — :
¢
t
1
I
!







3] 8 i
:
+5V
A
‘l U553
i
P ]
=1,
R
0 )
REGUEST SERVICE
+5¥
RIS
330 b
! B
)_‘U?ST
b
=0
5 i
H T
REMGTE .
/'
TRANSMIT READY
Ril
750
HP-1B INTERRUPT®
+5¢
2z
5V Qm% K
uwasc 2 L 1!"‘|U3&
CRUUT & s 5 ‘_I |
=T
s
Y
+8v
Ra
0
IT
T
HP— IU39
1 —_
=L /}Tﬁ
- 4
ZROH
Gkt L4658
4 2P
<
i RIZ cRz 3;
e
r__
e 03
%
|
i
!
TRANSMIT READY CONTROL i
v UTBB  yrawsar
ol FF s READY ) U4GE
TRANSMT REAIN wbe | o - 212
2 o t - e
——— T 10 CRi
TET . . B o ! 750 :
— b i
msz = e ; I
. N
i

Figure 7-8.  HP-IB Circuit Schematic Diagram
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Microcomputer Schematic Notes

. Because of its complexity, the microprocessor (U27) is
shown by a physical pin-lacation symbeol. Signals that are
widely distributed throughout the schematic are identified
by mnemonics (e.g., DO-D7) in lieu of individual connec-
tions to each point. See also note 2. Table 7-2 describes
the micraprocessar input/output pins.

. A9 through A13 V CRUQUT and CRUCLK are connected
directly from microprocessor U27. A9’ through A13' V
CRUQUT' and CRUCLK' are buffered by U31.

. DO through D7 are connected directly to microprocessor
U27. B0 through D7' are connected to memory devices
{(ROM and RAM}, and for normal operation are shorted
to B0 through D7 through a shunt pack.

. Shunt pack is normally installed in 16-pin socket, as
shown, For troubleshooting with signature analysis, shunt
pack is installed from pin-1-through-8 side of 16-pin
socket to 8-pin socket.

. Table 7-3 lists which components and jumpers are instail-
ed for each memory device configuration. Wiring shown
is for 64 K ROM.

. Digitat integrated circuit Vcc and Gnd connections are
as follows:

Veel +5 V) Gnd
U1-3,11,13,20,21,26,28,36,42,
44,45 pin 14 pin 7
U7,14,16,18 pin 20 pin 10
U8,12,15,17,19,22,29-35,43,51,52 pin 16 pin 8
uzs pin 24 pin 12
U39 pin 8 pin ©

P/0 A4 HP-1B/MICROCOMPUTER ASSEMBLY
—

FROM HP- 1B/
wCOMPUTER f +H5V 7
BiAS +2v
BUPPLY SCHEMATIC | -i5y
v +5v
RIG
360
)
s __ 1
us3
1 e
I - Ji-8
L —
N 2 J-40
RSV
[N29-12
Ji-44
Ji-4
A-36
H-6
| -1
+5v
1_
Uﬁr 1
1
¥
|
Ly--— o5
A28 HP-1B_INTERRFT
u3-I2
Nues-13
| U303
45V
__’_?‘ Y3013
3 RIT
1 o0
4
- ‘.
e 3
+
+5¢ U30-12

uze-wy







1
(IGR  IJMPUTER ASSEMBLY . —_— {
B 9,
‘R %
o 4 4 sy
v
l-ﬁ\
¥
b
El
_55_
ERR] n-40
RSV
uze-12
+5V
korze
+5Y
I
T
|
| 3
T-- als
E 4]
rag HP-I6_INTERRLPT
B
o
0
TACR U33-12
CRUOUT
2913
L34
Lo
RS Go1 tHV
[ @ FEAD BYTE u30-13
s_v Y RE
| 360 o
\¥ N8 s o« CRUN
N W
H
+5v
_'“ 2 uso-13
RI7
10K
(L 1) !
o6
v vio-z
uz2g9-1
.5
TZ‘
jE =
3 10K







A el

AT —H

ip RECEVE READY V RECEWE COMPLETE

he g

J-s
URA-5,U36-K0
u21-9,u3e- A wz A
Ji-f
-+ (DAl DACS
w (DD A CLEAR ML U351, U5- 15,0205 ]
hiz - - G[FaR RSV WL uiz-1
o TrANGMIT FEADY us-12
uzo-4

HP-81u COMPUTER

uTa-10 24

o5v—E »

g
|
N

IR -

)

i
N Uo-2 2
MNuew |
S PY
“ YR1-A 2
N U= 14
UG -4 P
N @H-E 20
2612 34

uH-3 a6

Nan-a

NUE-3 38
3-8
V-6 48

SEE u3-3 —— 3
WOTE2 {5 lag
T ——97
U9 —— 31
[ —
{COMPUTER BIAS =
SCHEMAT;

TMER TRIGGER
60Kz
+ 5V

+15Y
-BY

CC REFERENCE

CC DAG QUTPUT

CC REFERENCE AMPL FEFDBACK
CC DAL GAIN ADJUST

CC DAC GROUND

3!2191%2

170 {NPUT
LATCH £NABLES

OMP REFERENCE
C LMIT
OVF DAC QUTPUT

CV REFERENCE
v DAL OUTPUT

Cv REFERENCE AMPL, FEEDBACK
GV DAC GAIN ADJUST

O DAC GROUN

Figure 7-9.

Microcomputer Circuit Schematic Diagram

714







Front Panel Schematic Notes

1
2
W4 for 50 A range.
3
following points:
+5V
+15V
-5V
~15V

7/
Y

4. Digital integrated circuit Vce and Gnd connections are as

follows:

us

u6,9,12-15

. For CW rotation of rotary pulse generator G1, pulses at
WHT/BLK/RED lead pulses at WHT/BLK/BRN by 90°,

. W1 is installed for 80 V output voltage range, W2 for
60 V range. W3 is installed for 10 A output current range,

. Wire loops are provided for connecting test probes to the

OBS (outhoard sense}
COM {common)
+ S {+ sense)

-5 {— sense)

Veel+5 V) Gnd
pin 14 pin 7
pin 16 pin 8
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Appendix A
100 Vac INPUT POWER OPTION 100

A-1 GENERAL 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 lower line voltage of 87 1o 106 Vac,
while operating on the same line frequency of 48 to 63 Hz. The
reduced input voltage limits the output power to 150 W and
the output voitage 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.

A-4 Scope of Appendix A

A-b This appendix contains all the information necessary
to support Model 6034A power supplies that are equipped with
Option 100. The appendix describes only the changes pertain-
ing to Option 100 and how they affect the other portions of

this manual. Unless otherwise specified in Appendix A, all other
portions of the manual apply to both the standard unit and the
Option 100 unit.

A-6 Suggestions for Using Appendix A

A-7 The Option 100 changes are listed sequentially, star-
ting with Section | in the main body of the manua! and work-
ing back through Section V. Itis 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 Section | Manual Changes

A-9 In paragraph 1-11 change the output power from 200
Watts” to ""150 Watts.”’

A-10 Specifications Changes

A-1 Table A-1 provides all the specifications changes for
Option 100. Specifications not fisted 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
2-26, ¢; 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

units to other line voltages by following the directions in
paragraph 2-26, but the unit will maintain its derated 150 V,

50 V output.

No attempt should be made by the user to update
the Option 100 unit above its calibrated output
voltage and power limits. To do so could result in
severe damage to the unit and a fire hazard.

A-15 OPERATING INSTRUCTIONS
A-16 Section 11l Manual Changes
30V
E53_P_’9':.°.C.U§_3_ OVERRANGE
o Rn15.607 OVERRANGE
H e
CONSTANT VOLTAGE i
OPERATING REGIONS
R gap > Rl
Egol __ .. T Logus2 | N
30V T
nc2=4.an/:
|
sl _,_gc_,_,s_,_'nc,-s.arn h
I
2V I Jrezan”’ 15 v
e ) JLocus % 104
REGIONS 3 A=158
Egut : R_oap < Re) : I \)
1
| |
1 i
H ] {
1 I 1
[ in2 153 104
3A 654 B854
ouT —————
Eg= VOLTAGE CONTROL SETTING
Ig = CURRENT CONTROL SETTING
Rc- % * CROSSOVER YALUE OF LOAD RESISTANCE
Figure A-1. Overall Output Range with Three Sample

Operating Loci (Replaces Figure 3-2).

A-17 In paragraph 3-7 {which refers to Figure 3-2 in the
manual} the reference illustration is now Figure A-1 instead of
Figure 3-2. Also change 6.6 @ to "6.67 .7

A-18 In paragraph 3-8 change "36 V" to 30 V' and
“5.4 9" to "4.6 L.




Table A-1. Specifications and Supplemental Characteristics

DC Output: Voltage and current can be programmed via HP-
IB or front panel controi over the following ranges:
Voltage: 0-50 V Current: 0-10 A. See graph for maximum out-
put power. (This power is available at load with up to 0.5 V
drop in each load lead.)

| E P i E ) P
0 15 1% 50 32 180
9 18 162 45 40 IBD
8 176 40 4.7 188
727 139 a5 55 193
6 32 192 30 65 185
5Qv BOW 5 3 g0 25 T3 183
§ 4 a3 180 20 B85 170
\ 15 10 150
v \ 195w
3oV
. N 6.54
: /
g 3ov I
: N
H N,
% \ S0Ww
N
20v
™~

oy

A A 3A 4A 5A 6A TA 8A sa 104
QUTPUT CURRENT

Programming Resolution: Voltage: 12.5 mV Current: 2.5 mA

Programming Settability: Voltage: 25 mV Current: 5.0 mA

Programming Response Time: Maximum time for output
voltage to change from 0 to 50 V or 50 to 2 V and settle within
a 80 mV band {0.116% of maximum rated output):

60 mV (*} 15 mv {**}
Up: Fult Load {15.64} 200 ms 225 ms
No Load 200 ms 225ms
Down: Full Load {15.69) 300 ms 450 ms
No Load 600 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
output voltage.

50, - —

a0

8 VouT  (voTs!
5

3
\

,o /
=

[v) 20 40 B0 -] 00 120

UP PROGRAMMING TIME (mS)

Down Programming: On graph, read difference in time
between initial-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

4 et i
m
2 \ FULL
ERE LOAD
5 A% 1560
* 20

\ Ao Losp
o
"-—-—'——__
0 10 200 300 400 500 600 TOD 800

DOWN PROGRAMMING TIME {m5)

Readback: Output Voltage: 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 QOVP
trip points will dominate,

Local OVP Adjustment: Range 1.7 V to 545 V
Resolution: 0.20 vV

Remote OVP Adjustment: Range: 2.0V to 54.5 V (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 voltage between

the + output and the outboard side

of the current monitoring resistor

equals the set voltage. This could be

as much as 1,356 V above the voltage

between the + S and — S terminals.
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A-19 in paragraph 3-10 change "11.90" to "'15.60," "2.90" A-33 In paragraph 4-92, note that the input filter charges

to “2.4Q0" and 25 V"' to 20 V.7 to approximately 250 volts dc.
A-20 In paragraphs 3-11 and 3-36 change "'200 W™ to A-34 MAINTENANCE
150 W."

| A35 Section V Manual Changes
A-21 In paragraph 3-15, b; 3-28, and 3-121 change "64.5 |
V' to 'b4.5 V. A-36 In paragraphs 5-9; and 5-34 f; change "2Q1" 10 ""1.5Q."”

A-22 In paragraph 3-25 change the third sentence to read: A-37 In paragraphs 5-9; 5-17, ¢; 5-34, b,e,f,h; 5-44, e; 5-48,
“The approximate trip voltage range is from two volts to 54.5 f; 5-52, b; and 5-127, b; change 20 V' to 15 V."

volts at Remote and 1.7 volts to 54.5 volts at Local.
A-38 in paragraph 5-9 change ""182" to "15.60.""

A-23 | hs 3-28 and 3-117 change “1.04"" to "1.05.""
N paragraphs an chang . A-39 In paragraphs 5-9; 5-29, ¢; change "3.3 A;; to "3.2 A"

A-24 In paragraph 3-28 change "33.2 V.” to 33.5 V. A-40 In paragraphs 5-9; 5-15, ¢,h; 5-19, e; 5-29, ¢; 5-38 c;
- 5-41, c; 5-46, d; 5-129, g.h; 5-132, {; and 5-136, g; change ""60

A-25 In paragraph 3-28 and 3-88 change "60 V"' to b0 V."” V" to B0 V.Y

A-26  Inparagraph 3-79 change “'602" to "50Q" to "'1200" A-41  In paragraph 5-9 change 230 W" to 195 W.”

to “10002," and "30 W 10 "25 W. A-42 In péragraph 5-15, d; change ""60.0” to '60.0.”
A-27  In Figure 3-13, Programming syntax, change A-43  In paragraph 5-15, f; 5-19, g; 5-38, e; 5-41, &; and 5-46,
“VOLTAGE" and “SOFT VOLTAGE" to *'00.000 to 50.000 V. b: change 33 mV"” to 32 mV and "3.3 A" t0 3.2 A"

A-28  In paragraphs 3-111 and 3-121 change "60.000" to A-44  In paragraph 5-25, ¢; change "40 V and 5.7 A’ 1030
"50.000."" V and 6.5 A" '

A-29 PRINCIPLES OF OPERATION A-45 In paragraph 5-34, c; change "2.229" to "1.66Q."”

A-46 In paragraph 5-34, f; change "20.20" to "'15.560."

A-30 Section IV Manual Changes
A-47 In paragraph 5-38, j; change “70 mVdc” to "60

A-31 In paragraph 4-28, note that the O-volt to 5-volt mVde.”

reference amplifier output given in paragraph 4-74 for the CC A-48 In paragraph 541, h; change 21 mVdc’ to 18
Circuit is attenuated to 0-volt to 4.17-volt for the CV Circuit. mVdc." :

A-32 In paragraph 4-74, the reference illustration is now A-49 In Table 5-2, under "OVP TEST", numbers 3 and 5,

Figure A-2 instead of Figure 4-6. change "64.5” 1o "54.5.”
60V}
MAX P, Y MAX P,
40V 200w VT 40V 200w °F
20 MAX Pour 5y
W
0 5A o 5A T0A 0 33A 104
A TYPIGAL CV/CC 8. DUAL-RANGE CV/CC C. MODEL GO34A
SUPPLY SUPPLY AUTORANGING SUPPLY

Figure A-2. Qutput Characteristics: Typical, Dual-Range, and Autoranging Supplies
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A-50 In paragraph 5-69, b; WARNING; and 5-132, NOTE;
change “'60" to "50.”

A-b1 In Figures 5-12 and 5-15, the signature at A3U9-3
should be 0000.

A-52 On Figure 5-18, sheet 2, block 4, change 0-60 volts
to 0-50 volts; blocks 19 and 23, change 0 to 5 volts 1o 0 to 4.17
volts. On Figure 5-16, sheet 7, block 2, change “"U60 V GR"”
in each program to ""U50V GR”.

A-53

A-b4 On Figure 5-35, block 1, the remotely programmed
OVP level is 2V + 1.05 times the soft voltage limit.

A-b5 On Figure 5-36, block 1, change "P60 vV U20 V G”
in each program to ""P50YV U20 V G”. In block 3, change ""UB0
V GR’' in each program to “U50 V GR”.

On Figure 5-27, block 7, change 60 volis to 50 volts.

A-b56 In paragraph 5-124, c; change " +6.4b V" to "
+5.45 V.”

A-57 In paragraph 5-126, f; change " + 24 V" to "' +19V.”
A-b8 n paragraph 5-126, k,m; change " +23 V" to ”
+17.5 V.”

A-59 in paragraph 5-127, b; change "P20V...” to “"P15V...”
A-60 In paragraphs 5-129, g; 5-132 f; and 5-136, g; change

"PBOV..." to "PBOV...”

A-61 In paragraph 5-135, e; change "22.5 mV"" to
71856 mv.”

A-62 In paragraph 5-135, g; change “NV00.015" to
“NV00.012."
A-63 In paragraph 5-136, h; change '"54.0075 V" to
44,0063 V."”
A-64 In paragraph 5-136, j; change "NV54.000" to
“NV44.000."
A-65 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 Panel Assembly A3, change:

R16 to 0698-8184 7.5k
R38 to 0757-0472 200k
R4t to 0698-0084 2.15k

R71 to 0698-6609 75k
R72 to 0698-6276 12.5k
R153 to a jumper wire




Appendix B
LOGIC SYMBOLOGY

The logic symbols used in this manual are based on the
American National Standard Institute {ANSI) Y32.14 and cur-
rent discussions in the Institute of Electrical and Electronic
Engineers {IEEE) and the international Electrotechnical Com-
mission (IEC). The following paragraphs and itlustrations pro-
vide a brief description of the symbology 10 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. Itemsin brackets [ ] are not part of the symbol, but are
included to help the user interpret the symbol,

3. Unless arrows indicate otherwise, inputs are on 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) element 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 outfines {see Figure B-1).

Qualitier and Functional 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 complex devices.
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Figure B-1. Distinctive-Shape Qutlines




FF

XY

CTR

Flip-Flop- Binary element with twa states, sel
and reset.When the flip-flop is set, its outputs
will be in tneir 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
to be active.

OR - One or more inputs being active will cause
the output to be active.

EXCLUSIVE OR - Qutput will be active when
one (and only one) input is active.

Buffer or Inverter - Without special
amplification.

m and only m - Qutput will be active when m
{and only m) inputs are active (m is replaced
with a number).

Logic ldentity - Output will be active only
when all or none of the inputs are active (i.e.,
when all inputs are identical, output will be
active).

Amplifier - The output will 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 level(s) 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 pulses.

MUX
DEMUX

REG

SRG*
COMP

T

BIN/OCT

HPRI/BIN

#/()

RAM

ROM

EPROM

Multiplexer - The output is dependent only on
the selected input.

Demultiplexer - 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 inputs is of
greatest magnitude.

Monstable (One-Shot) Multivibrator - Qut-
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
Memory - 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 Symbeols

. Indicator symbols identify the active state of a device's input or output, as shown in Figure B-3.

:

r

Implied Indicator - Absence of
polarity indicator {see befow) implies
that the active state is a relative high
voltage level.

Polarity Indicator - The active state
is a relatively low voltage level.

Dynamic Indicator - The active state
is a 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.

Non-Logic Indicator - Input or out-
put does not carry logic information
le.g., RC inputs to a one-shot
multivibrator}.

Open-Circuit Output, general
symbol .

Open-Circuit Qutput, H Level -
NPN open emitter, PNP open collec-
tor, P-channel FET open drain, N-
channel FET open source.

Open-Circuit Output, L Level - NPN
open collector, PNP open emitter, P-
channel FET open source, N-channel
FET open drain.

Analog Input or QOutput - Used
only when necessary to distinquish
analog signals.

Digital Input or Output - Used only
when necessary to distinguish digital
signals.

Data Input - Always enabled by
another input [generally a C input-see

Dependency Notation}. Any D input is
associated with storage.

NV

I

CcT

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 itis omitted.

Postponed Qutput - Qutput delayed
until input returns te its initial state,

Three-State Output - Indicates out-
puts that can have a nigh-impedance
{disconnect) state in addition to the
normal binary logic states.

Bithreshold Input Input
characterized by hysteresis; one
threshold for positive-going signals
and a different threshold for negative-
going signals.

Greater-Than Input or Output of a |
magnitude comparator.

Less-Than Input or Output of a
magnitude comparator.

Equal Input or Output of a
magnitude comparator.

Extension Input or Extender Out-
put - Connected between devices to
extend the number of inputs.

Muttiplier Input Analog input
used to control 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 parallel or perpendicular to the direction of signal flow. ceptions to this rule are the horizontal lines beneath control
Note that in the examples shown in Figure B-4 there is generally blocks and between sections of shift registers and counters.
no logic connection across a horizontai line, but there is always )

] \3 )

an implied logic connection across a vertical line. Notahle ex-

—

*

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-
imon logic lines. Figure B-5 shows how the Control block is

NO LOGIC /
CONNECTION /
LOGIC
S CONNECTION
>1 FF o =t | s | FF

& \‘> — D |
| | A _
L e
—

usually represented. Figure B-6 shows a quad D-type flip-flop 1 I_ T j
with reset. This can be redrawn as shown in Figure B-7. Note RESET R
. = FF 3
that the more complex representation shown in Figure B-6 can 0CK 8 I __‘_
be used when the flip-fl functional el ¢ 2
p-flops are functionally scattered around 4,
the schematic li.e., not used as a quad unit). DATA { 10 B
I T l,
5| Dei s
DATA l o |
~ CONTROL BLOCK
I >R FF 1o
ct 11
12 [~ |
DATA l ) I
ARRAY R EF 15
13' c 1 14
DATA —F——ip |

Figure B-5. Common Contrel Block
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Figure B-6. Quad D-Type Latch (individual}




]
RESET —{ R
9
CLOCK W>c1
REG
?
r 4 0 FF
N3
7
5 FF
——{1D 6
DATA < " - 10
F
— ) L1
. 15
—4p FF 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 elements and interconnections involved. {See Figure
B-8 and B-S for examples of AND dependency and enable
dependency.)

The input that controls or gates other
inputs is labeled with a C or a G,
followed by an identifying number.

The controlled or gated input or out-
put is labeled with the same number.
This example, 1 is controlled by G1.

— G

When the controlled or gated input or
output already has a functional label
(X is used here), that label will be
prefixed by the identifying number.

If the input or output is affected by
more than one gate or control input,
then the identifying numbers of each
gate or control input will appear in the
prefix, separated by commas. In this
example, X is controfied by G1 and
G2.

—61
—62
—1,2X

Figure B-8. AND Dependency Notation

When an EN input is active, the out-
put is enabled to function normally.
FAVA = When an EN input is inactive, the out-
put becomes a high impedance, effec-
tivley removing that device from the
circuit.

(4

—EN2

Figure B-9. Enable Dependency Notation
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Application of dependency notation is accomplished by:

1. labelling the input affecting other inputs or outputs
with the letter symbol denoting the relationship involv-
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 output.

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 nurmbers of each of the affecting inputs shalt
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 denoting the functions of affecting inputs or out-
puts must be numbers (e.g., outputs of a coder), the identify-
ing numbers to be associated with both affecting inputs and
affected inputs or outputs shall be replaced by another character
selected to avoid ambiguity {e.g., Greek letters).

An affecting input affects only the corresponding affected in-
puts and outputs of the symbol.

Note that dependency notation is usually indicated by numbers.
The numbers themselves have no value; they simply relate 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 memory.

C  Control - Identifies an input, such as a timing or clock
input, that produces action, and indicates which other
inputs are controlied by it. Used for sequential
elements (flip-flops, registers), and may imply more
than a simple AND relationship.

EN Enable - Identifies an input that enables outputs, and
indicates which outputs are affected by it. Acts as a
connect switch when active, and a disconnect switch
when inactive.



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 - tdentifies an input that selects the mode of
operation, and indicates which inputs and outputs 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 to reset.
S  Set - When active, causes a flip-flop 10 set.

v OR - Identifies an input having an OR relationship
with other inputs or outputs having the same iden-
titier number {or symbol}.

X  Transmission - Identifies an input that makes or
breaks bidirectional connections between affected in-
put/output ports.

Z Interconnection - Identifies a point that is internally
connected to another input, output, internal input, or
internal cutput having the same identifier number {(or
symbol).

Connections to Discrete Components, Discrete com-
ponents that are a functional part of the logic device connect
to pins marked as shown in Figure B-10.

Bias components

Current - Monitor components
Divider components

External components, miscellanecus

Frequency, Frequency Compensation, Timing
components

Gain-Determining components
Null components
Terminating components

Differentiating components

> PP

Integrating components

Miscellaneous Terms and Symbols. Figure B-11 shows
miscellaneous terms and symbols that are used in conjunction
with the logic symbols, functinn tables, and truth tables used
in this section.

H High - The more positive algebraic value.

L  Low - The more negative algebraic value.

Qn  The level of Q (output) before steady-state input.
Q,, The level of Q (output) before control-signal transition.

r Transition from low to high.

l Transition from high to low.

—a»— Bidirectional signal flow.

Internal Connection - Connection between two cir-
-cuit areas within a device.

Active Active State - A binary physical or logical
state that corresponds to the true state of
an input, an output, or a function. The
opposite of the inactive state.

Enable Enabled Condition - A logical state that
occurs 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. Its external stimulus (e.g., voltage level)
enters the active state.

2. Its external stimulus [e.g., voltage level)
enters 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 logic 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 2-Input AND Gate
1820-1201 T.1. SN74L508N

Vee pin 14 Gnd pin 7

AESENNYS
|

A4U20
A4U47
A4U75

Dual 4-Input NAND Gate
1820-1204 T.I. SN74LS20N

Vee pin 14 Gnd pin 7
— a
_—_f_‘ A L&
5
9

10 B

2 b8

13

A4U42

Quad 2-Input OR Gate
1820-1208 T.l. SN74LS32N
Vee pin 14 Gnd pin 7

> 3
A

[\

F

o
@

0|

5‘5
o

8

A4U3

Ad4UN
A4U13
A4ueo
A4UT6

Cuad 2-Input NAND Gate
1820-1197 T.1. SN74LS00N

Vee pin 14 Gnd pin 7
N a a
2] A

ry
— .6
8 B

9
— 8

P

10 c
—12F I
13 D

A4U44

Triple 3-Input AND Gate
1820-1203 T.5 SN74LS11N

Vee pin 14 Gnd pin 7
[
2 : 12
13
3
— A 6
5 2]
9
—10) 18
AL c
A4U45
AaU77

Quad 2-Input NOR Gate |
1820-1144  T.1. SN74LS02N

Vee pin 14 Gnd pin 7
2
— ]
3 }A| U
— 5 4
§ B
—_—1 10
9 c
T
‘ o
12 0 P
A4U2

Quad 2-Input NAND Gate

with Open-Collector Qutput
1820-1209 T.I. SN74LS38N

i
— a
2 A Op—
)
€
9
— L8
10 ¢ Q]
13 D 04 e
A2U8

B-Input NAND Gate
1820-1207 T.l. SN74LS30N

Vee pin 14 Gnd pin 7

_ I
2] &
3]
. i
e
—u]
12
A4UZ8
A4UES

Dual 2-input NOR Driver
with Open-Collector Output
1820-1050 T.l. SN75454BP

Vee pin 8 Gnd pin 4
I
> >;|> o b2
[
- 5 o RS
AtU2
A2

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 Output
18201217 T.1. SN74LS86N 1820-1199 T.1. SN74L.S04N 1820-1568 T.I. SN74LS125N
Vee pin 14 Gnd pin 7 Vee pin 14 Gnd pin 7 Vee pin 14 Gnd pin 7 ;
S < 2 Iy
N 1 la ] A RS _:_2_ LD v
4 4 —by
3] 5 & 3 5 LI 7,3 . ole—
2 s _s] G — L
__10] c ¢ 9 c
T 1 9 I L2y (-
—13] D — ] D 12 D
] o
’ 13 : 2 A4U36
| =i
AdUG3 o F A4U79
A4U21
A4U26
A4U46
A4UB4
A4U71
A4UB4
Optocoupler 1990-0429 Optocoupler
Vee pin 8 Gnd pin & 19900593
INPUT | 5
2 I?
L1 A4U38 Y= [i
y— :}‘L“" A4U39
2z 4
3 - -
A4U37
Truth Table A4U53
A4UBs i
Input Enable Qutput A4U89
A4US1
1 1 0
1 0 1
0 1 1
0 0 1

Figure B-12. Basic Logic Device Symbols {cont.)




D-Type Flip Flop. D-type flip flops are used for temporary by a low levei at the G input. Note that Figure B-13 contains

storage of one bit of binary data. Figures B13 through B-16 two identical flip flops, each with its own control, set, and reset
show four varieties of D-type flip flops. In each, the D input inputs, while the others have common centrol inputs. The flip
is stored and transferred to the output when the control input, flops in Figures B-13 and B-14 have inverting as well as non-
C, goes from low to high. The C input in Figure B-16 is gated inverting outputs.

1820-1112 T.1.SN74LS74N 1820-1196 T.I.SN74LS174N

Ve pin 14 Gnd pin 7 Vee pin 16 Gnd pin 8

A5 FF -
N & A208
2[\p A3U5
—nlR A R AUl
onfe 19 A4U54-U56
Q
—-I'—;>c1 A4U68 z .
T3."° A4U70 s 5
13 =8 — -
LT B EBR— aau7s A4US1
—8 v
INPUTS OUTPUTS 1 0
— E 12
SET  RESET  CONTROL DATA o o .
15
L H X X H L 1 [ _
H L X X L H
L L X X H*  H* INPUTS OUTPUT
H H t H H L
H H t L L H RESET CLOCK DATA (Q)
H H L X Q, Q
L X X L
*Non-stable condition, will not persist when SET and H ! H H
RESET become inactive. H ! L L
. H X X Qo

Figure B-13. Dual D-Type Flip Fiop
Figure B-15. Hex D-Type Flip Flop

1820-1195 T.l. SN74LS175N
Vce pin 16 Gnd pin 8 .

—25a . 1820-1858
_Inlg n T.1.SN74LS377N
—‘1 r fcz Vee pin 20 Gnd pin 10
2 [
—i0 ';F mi_ —3lap FF 2
(el A4U12
— (s A4U35 —4 s AdU7
2 8 o aguB2 AdUa
- c " 7 & A4U16
5 AdU18
13 9 v
— D Lo — S
3 12
INPUTS OUTPUTS
A s INPUTS | OUTPUT
RESET CLOCK DATA Q a 7 * s ¢ o
I8 19 _
L X X L H H X X Qg
H t H H L H t H H
H { L L H L { L L
H L X Qo Qo X L X Qg
Figure B-14. Quad D-Type Flip Flop Figure B-16. Octal D-Type Flip Fiop
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J-K Flip-Flop. J-K flip-flops have two conditicning inputs, J
and K, which determine the state the flip-flop assumes upon
receipt of a positive-going clock putse, C. In Figure B-17 the
Jinput is active high and the K input is active low.

1820-1282 T.I.SN74LS109N
Vee pin 16 Gnd pin 8

. E FF

—2{y A @] L.

L § Yo

—Tb- ¥ [l

-8 A4U43

Aafy B

4] $J L

—12h e

N I

§-]

R
INPUTS OUTPUTS
SET RESET CONTROL  J K | a a
L H X X X L
H L X x x| L H
L L X X X LH* H*
H H 4 L Li{L H
H H t H L | Toggle
H H t L H|aq, g
Q (#}

H H f H O H|H L
H H L X X |0, Q,

*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 loaded into the four registers (pins
3,4,5,6) 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 C 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 enable is inactive (high),
3-state outputs are high impedance, but sequential operation
of the registers and the output at pin |l {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. If 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.l.SN74LS395N
Vee pin 16 Gnd pin 8

R SRG4
EN

M1{LOAD}

M2 {SHIFT)
[>C3/2 =

Fa,:aln_—[:ls

1, 3D

AN}

1,30

1,30

I” I" I:. |=~ I"’

qQJ g (4t

1,30

VIV|T|V

AdU40
Ad4U4]

Figure B-18. Shift Register

1820-1443 T.1.SN74L5293N
Vee pin 14 Gnd pin 7

a CTR

| [

ﬂhn->+ DIV 2

" DIv8 I}
...._h>+ CT‘[

2

T

A2US

RESET/COUNT FUNCTION

RESET INPUTS OUTPUTS
PIN 12 PIN 13 PIN9 PIN5 PIN4 PINS
H H L L L L
L X COUNT
X L COUNT

Figure B-13. Binary Counter




Addressable Latch. Figure B-20 shows an eight-bit ad-
dressable latch. The mode inputs (M} determine which latch
is loaded when the G input is active. Data enters via the Z9
input, and is internally connected to the addressed latch. For
example, consider the first latch. 9,0D indicates that data (D}
from Z9 is loaded when in mode 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
demultiplexer {only the addressed latch is not reset), or G8 may
be active {no latches can be addressed), in which case
latches reset together.

Data Selector/Multiplexer. Figure B-22 shows a data selec-
tor/multiptexer. The three input lines that comprise G deter-
mine which of the eight data input lines is connected to the
complementary cutputs.

1820-1729
T.I. SN74L.5259N
Ve pin 16 Gnd pin 8

=

Ge

Z9 {DATA)
ZI0(RESET)

sl -

LG

-+4-9,8D 4

1-10,0R

4-9,1D s

L 10,1R

9,20 LI

-0, 2R

~9,3D lr
9

A3U12-Ul4
A4UB
A4U15
Ad4uU7
A4U19

T N |

10, 3R
9,40

t-10,4R
—9.5D L
—-10,5R
1-9,60 LI
1-K0,6R
T 970 12
4-1©0,7rR

1

1

l

i

Figure B-20. Addressable Latch

Magnitude Comparator. A magnitude comparater 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. If the P = Q input is active, the P and Q inputs
determine which output is active.

Ore COMP 1820-1419
2. T.1.SN74LS85N
13 . .

18] Vee pin 16 Gnd pin 8

2 7
—P<Q P<Ql—
| PP paglté
—*p>q P>a®—

— 3
—1 fe A4U34
s

1820-1298
T.l. SN74LS251N
Ve pin 16 Gnd pin 8
_Th. EN
g
_ o] ]»Gﬂ
T
— 9%,
—3o
3l
_2|
_; @v—
s 8
il @vp—
]
_tf;
A3U8
A3US
A3U15
INPUTS OUTPUTS
EN 0 1 2 a a
H X X X Hiz 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 L H 4 a4
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/Multiplexer

Monostable {One-Shot} Multivibrator. The one-shot
multivibrator, when triggered, produces a pulse whose length
is determined by an external RC circuit. The one-shet 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 low 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..SN74LS221N

Ve pin 16 Gnd pin 8

--—I-bt A B U—L
2 s O > A [Qj 13
3R
<] ex ep— A2U10
A4
<ﬂ-—'~1u- RX/CX
N e Ty A4UB7
Oy 8 [git Ad4UT2
Ad4ll74
nfnke
<ﬂ_5x.cx [a'j:..L
<f—Lu{Rrx/cx
INPUTS OUTPUTS
Reset A B Q a
L X X L H
X H X L H
X X L L H
H L t JL 1
H } H . Lr
* L H M. ir

*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 binary input. All three inputs to the enahle block must
be active for the output to be active.

1820-1216
T.LLSN74L5138N
Vee pin Gnd pin 8
1] 15
z ; BIN/OCT 1'3>-|4—
3l 2 B
shl2
a il
__ 6] 8 5 b io
Ay EN 62
3 T
A4U29, U30

Figure B-23. Monstable Multivibrator
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Figure B-24. Three-to-Eight Line Decoder




1820-1851
T.1.5N74LS148

Vee pin 16 Gnd pin 8
HPRI/BIN
Lvorzio 105
Atz 04
Bnlosmz 12+
LBulyzs 3L
naszna 4l st
—Enigszs 154 apd
Brieszie 164
ANz 14
o pd—
vis capl —
Slnlene agh®
A4U52
Inputs Qutputs
VI8 ENec| O 1 2 3 | 5 6 7 4 2 1 [lpin1& pinld
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 I 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 L H L
H L X X L H H H H H H L H H L
H L X L H H H H H H H H L H L
H L L H H H H H H H H H H H L
Figure B-25. Highest Priority to Binary Encoder
Priority Encoder. Figure B-25 shows a highest priority to binary
encoder. The three-line binary output indicates the line number 1820-1491 TSNP
. L S - . T.1.SN74LS367N
of the highest priority active input. V18 indicates that the pin y 16 Gnd in 8
5 input has an OR relationship with the output marked 18. ce pin na pi —l A
Therefore, if any of the eight input lines are active {fow) or if —2 E -
pin 5is high, the output at pin 15 will be active {high}. The out- . .
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 symbol _ 8 7
(o<} is used instead of a number to avoid confusion with the
weighted values of the binary outputs. _19] 9
A4U3N
Bus Driver. The bus driver shown in Figure B-26 contains six A4U48-UB0 " I
three-state drivers, four of which have one enable input, and EN
two of which have a separate enable input. B
Random Access Memory (RAM). Figure B-27 shows a 256 2 (-3 L
word static memory. Each word is four bits in length and is ad- 14 s
dressed via the address lines. Figure B-28 shows a similar RAM
with a capacity of 1024 words, The G1 input must be low to
enable the device, either read or write. C2 (active low} is the Figure B-26. Bus Driver
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control signal thet allows data {D) to be written into 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 [/O pins on the left.

1818-0140
AMD AMO112APC
Vee pin 16 Gnd pin 8
—: @ RAM 256 x 4
2
—1 o
5l Fas
— & 127
1
__ Tl
[SELECT Imﬂh 6!
[READ/meElE {EN([READ]
ic2 [wriTE] A4U32, U33
.EE A, 2D azs |
v3
19
——
1|
12
—->—]
FUNCTION TABLE
SELECT  jREAD/WRITE I - MODE
L L Valid Data Write
L H Data Output Read
X High Z Device Disabled

Read Only Memory (ROMI. Figure B-28 shows a ROM with
8-bit word length and 8192 addressable memory locations.
Figure B-30 shows an erasable programmable 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
Vee pin 24 Gnd pin 12
——% ¢ Bi92xE ROM
__ 8
__9
3 M
3 R4
—2 1,2 Av
[ 4
23 ol :g :5
22 av 11§
19 17
T AV
—2lhe
2 ren
A4U25

Figure B-29. Read Only Memory (ROM)

Figure B-27. 256 x 4-bit RAM

1818-0443
T.L.TMS2114
Ve pin 18 Gnd pin 9

®)  RaM 1024 x4

Ao

shbblblol,

&

[

9—
6
€N [READ]

=

A,2D
73

15

*

AZ3 -+

bt

L

Figure B-28. 1024 x 4-bit RAM
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1818-0498
Ve pin 24 Vpp pin 21 Gnd pin 12
— 8] 20488 EPROM
T
8]
5 avhPE—
4 10
== AV
3 2 1
—= bA— AV
2 2047 13
23 15
22 :g 3
19] 17
— e AY
18
—‘5-20 6 JEN
AaU24, U256
A4U80

Figure B-30.
(EPROM}

Erasable Programmable Read Only Memary
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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. Iin-
dicates that the bus receivers have bithreshold (Schmitt Trig-
ger) 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 2).

Digital-to-Analog Converter (DAC). The analog output of a
digital-te-anaiog canverter is a current that is proportional 1o
the maximum possible current divided by the binary vaiue at
the digital input. Figure B-32 shows an eight-bit DAC that also
includes an analog multiplier input {rangel). The 12-bit DAC
shown in Figure B-33 includes two feedback resistors provid-
ed for use with an external op amp.

1826-0188
Mot. MC1408
1820-2058 * 1
Mot.MC3448 | 3l 3
Vce pin 16 Gnd pin 8 B—iveer 41 Ver Vee
o N Z M ranee]
5
—Em [3-STATE] —28 8-BIT
i— M2{OPEN COLL) __-i}“ 64 ®/0
—EEN:s{'rmnsurr] ] 32
7 EN4 [RECEIVE] —2e 4N
—E; ENS[TRANSMIT) T 8
EN6 [RECEIVE] —“-4
— 2
, 1 [ \ 2
TO/FROM 2 TO/FROM
BUS o > 4v _‘J INSTRUMENT <G—eBlveer -1 comr w0
suvsz01< g +2
T
5019/201<] AdUB
1 1
12
I B
B b Figure B-32, 8-Bit Digital-to-Analog Converter
S b
EN4
—'!'E ENS
ENE
—I ’—‘ 1813-0094
| . AD DACS0
TE > av i
e e
I3 " B [Veer]
o > sv |
——{ 2048
5(1vr20) <] —;’1 1024 3 6.3V REF [£%
— 3512
— N oze
A4UB0-USB3 —S2e
__6lga 12- BIT
— T #/0
FUNCTION TABLE —e
_9lg 15
10
ENABLE MODE | DATA FLOW | BUS DRIVER "l
12y 3k 2k
L X Bus — Instrument Hi Z I Vv I i
H H fnstrument — Bus|  Active Pullup OF; GA:; GI; 18 20 19
H L Instrument — Bus| Open CoBector %7 %7 % % %
A4U9, U10
Figure B-31. Bus Transceiver Figure B-33. 12-Bit Digital-to-Analog Converter
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LINEAR DEVICES

Operational Amplifiers. The source of gain in an operational
amplifier can be characterized as an ideal, differential voltage
amplifier having low output impedance, high input impedance,
and very high differential gain. The output of an operational
amplifier is proportional to the difference in the voltages 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 troubleshooting an operational 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 difference voltage much greater than
10 mV indicates trouble in the ampiifier or its external circuitry.
Usually, this difference will be several volts and one of the in-
puts will be very close to one of the supply voltages le.g., +15
Vor —15 V).

Next, check the amplifier'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 should be negative; if the
non-inverting input is more positive than the inverting input,
the output should be positive. If the output conforms to the
inputs, check the amplifier's external circuitry. If the amplifier’s
cutput 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.

O

QuUTPUT
——

INPUT

Ao

INPUT IMPEDANCE-VERY HIGH
OUTPUT IMPEDANCE-VERY LOW

Figure B-34. Non-Inverting Amplifier (Gain=1)

QUTPUT

INPUT

R1
—AAA~—
INPUT IMPEDANCE—RZ
OUTPUT IMPEDANCE-VERY LOW

Figure B-36. Inverting Amplifier (Gain= — R1/R2}

Comparators.Comparators are used as level sense amplifiers,
switch drivers, pulse height discriminators, and voltage com-
parators. A voltage reference is connected to one of the
amplifier's inputs as shown in Figure B-37 and B-38. When
the input signal voltage crosses the reference, the output goes
positive; the output remains positive until the signal re-crosses
the reference.

ﬂv

VsiGNAL

W E‘--— +V
—— ¥
Vour
VREF
-V
VsigNAL <VRer, YouT = -V
VsignaL > VREF, YouT = +Y

Figure B-37. Non-Inverting Comparator

+V -— +V
Vner IFL
~ INPUT D e
VouTt
S VSIGNAL
R2 QUTPUT
—Ijt]‘ VaignaL <Vrer, VouT = *Y
R1 VsignaL > Vrer, Vout = -V
— AR
INPUT IMPEDANCE-VERY HIGH
QUTPUT IMPEDANCE-VERY LOW
Figure B-35, Non-Inverting Amplifier (Gain="1+ R1/R2} Figure B-38. Inverting Comparator
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Appendix C
MANUAL BACKDATING CHANGES

This appendix describes changes that must be made to the
manual to adapt the manual to instruments with serial numbers
lower than 2231A-00831. Look up the serial number for your
instrument in the following table, and make only the manual
changes listed for your instrument. Note that some changes
require modification of the instrument. These changes should
he done only if the components listed in the change must be
repaired or replaced. HP Service Notes are available from your
nearest Hewlett-Packard Service Center.

SERIAL MAKE

PREFIX NUMBER CHANGES
2222A 00751-00830 1
22224 00591-00750 1,2
2141A 00271-00590 1-4
2138A 00221-00270 1-5
2134A 00151-00220 1-6
2118A 00101-00150 1-7

CHANGE 1

On the schematic diagram for Power Mesh/Control Board,
replace ATR67 and ATR68 with A1L4 and A1L5, 22xH: change
A2R32 and A2R33 to 20 k; and delete A1U12B, ATR163, and
A1TR262.

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: A1CR11, A1CR12,
AtTL4, ATLS, A1Q1, A1Q2, A10Q3, A1Q4, A1R14, A1R16,
ATR21, A1R23, A1T3, A1T4. Make note of the unit's modifica-
tion so that subsequent repair of A1Q1, A1Q2 and associated
companents can be done with HP Service Kit 5080-19563.

CHANGE 2

These units have three 16k EPROMSs {A4U25, U290, U24) instead
of one 64 k ROM (A4U25), Figure C-1 is a schematic represen-
tation of A4U25, U90, and U24. Refer to Figure 7-3 for jumper
connections.

Figure C-2 shows signatures for A4U25, U930, 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 setect A4U22 in free-run mode and
signature analysis mode, and should be used in place of the
AdU22 signatures given in Figures 5-12 and 5-15.

If any of the EPROMSs have to be replaced, all three EPRCMs
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
front, left-to-right order is: white with red tracer, white with
brown and black tracers, white with red and black tracers, black
{colors are labeled on front of printed-circuit board). 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. If D/A converter
A4U8 has to be replaced, or it A3R78 does not have sufficient
adjustment range, the instrurment should be modified according
to the instructions in HP Service Note 6034A-4.

CHANGE 5

On these units, A4C55 on the HP-1B/Microcoemputer assembly
is 0.22xF. If A4C5E5 has to be replaced, replace with tuF
capaciior as listed in parts list.

CHANGE &

If unit occasionally fails turn-on self test, check to see if A4US1
is installed in a socket or is soldered directly to printed-circuit
board. If soldered to printed-circuit board, instrument should
be modified according to instructions in HP Service Note
6034A-3.

CHANGE 7

On these units, A3R121 and R145 on the Front-Panel Assembly
are 2000. If either resistor has to be replaced, replace both with
1002 resistors as listed in parts list.
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ROM2

FROM
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ROM 3
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w25
837 704818 16K EPROM
7], EPROM
€1
5
X 3 Aol -
4 olo 06
3 La 2 AV 1
047 AV a5
| 6 Aol od
23 ; AV i 031
2] Avp2 0z
o avie or
d avHL 02’
)
20 EN
A2 5V g
2ty
T W "
Y Wl
W3 2
A
Us0
81py 2048x8
7], EPROM
6
5
4 3 AvE—¢
4 Aol
315 Sazl it
2 7047 AV
: 6 s
7 4
23 AV
8 ol
22 A
5 15
[ AV
10/ avl?
8 [—5
20
el
yed
8 gy 2048x8
7 EPROM
f
612
5
], T
3 5 0 AV‘
2]} > A o4 Aol
7 AV :i
AV
2 1g ATLE
2
9 16
19,0 AV 7
18 AV
8
20
A2
P 2 |
W1
yo—
W51

Figure C-1. U25, U9%), U24 Schematic
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tri] _ l»[@ g .
- {8427 {7 vorn v A | [racu [dfF] (7 varn +5Y 24 7 T sy 21] [y
AB AB A6
2zt vz 21 | [TReg P | 2 w10 uzr- 23 7 T upr-iz 23| [7PCO]
AT AB AT A5 AT AS
Fu2r-9 v2r-8 22 7 ery u2r-13 2 3 uere ver- zz | [F485)
A8 A 48 A 28 2
4 U1t uzT-6iwe) 2 4 Uy uzr-16 (W2} 2 4 B ur-letwe) 2 | LAY
Ay A A9 M Ad' A
5 Us-3 wze [628] |5 vaes uz2-9 2 513 w9 20
A0 ROM3 A0 ROM 1 410 AOM2
6 u3s wera s9| [0 ] 5 U315 ver-14 5 T84U] |5 usts uzr-iq 19
Al A3 af A3 All A3
73T wer-iswa) 75| (0000 7 ua7 wertsinal i 7 w7 vz g
A2 a2 Az A2 Atz o
4UF0] | & U39 7 & U9 7 & U3t I
a3 A A3
2 15 9 15 9 r]
] 5 ) 5 v 15
" " i " n "
ey ] 2 g/ 5 2/ 8
Figure C-2. EPROM Signature Chart, Free-Run Mode
124 u2s 90 ¢
M :
fuzHl v 24 ! 2t +5¢ 24 ! u2r-n 5V 2 .
26 T A6 3
2 U27-10 uzr-e 23 2 Uz 12712 27 220 uzr-i2 21 i
v A5 a7 A5 I 45
3 u2r-9 U3 22 3 29 u2r-13 22 Juzte ugr-13 22
AB 44 4B A4 48 A4
4 U3 u27-1Biwe) 27 4 U3l U2T-16iWz} 2f 4 U3 uzr-6iwe) 2 -
A9’ af &9 M Ay Al
5 u3i-3 u22-9 20 5 U3 u22-9 20 5u3-3 uze-9 20
' ROM3 A’ ROM 1 A ROMZ
& U35 U214 19 £ U345 Uz 19 & U3l-5 U214 19 _
A A3 Py A3 Al A3 5
737 u2rIs(wa) 18 7 u3i7 UZT-I50Wa) 18 7 U7 URTH5Wd) 18
nz' A2 a2’ a2 Nz A2
& U39 0o’ /7 | ame g U39 0o /7 | agm & U39 00 /7| e418
N3 A3
HoPS |9 D7 bt f61 6757 oo | g7 D' /6| Fa8C [0 O /5| HAC3
w2 | 0s 02 15| FaF PSIC |10 D6 02 r5y B4 8903 | /006 D2' /5| acer
[wi TR D3 /4| cr4 .poau |08 D3 4| @S c234 | /D5 D3 ora | sur
0000 rzv D4 43| OTRFE 0000 .?W ' 13| 387 0000 12%7 od 13| sam
SIGNATURE ANALYZER SETUP
FRONT- PANEL POD
CONTROLS CONNECTIONS
ST T\ STRRT P10 T8 TP
stop N\ STOP PI2 ™9 IO
ok N\ CLOCK: TP13 ™3 P13
GROND: 3 3 T3
) Figure C-3. EPROM Data Test
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MEMORY CHIP SELECT MEMORY CHIP SELECT

U2 U2 )
¢ U277 +5V 16 7656} |/ 2T +5V /6
AQ )
2 U203 uer-7 15 | 1C847 2 U20-3 URT-17 15
AD AQ
3 y2re u20-3 /4| [9ATF 0000} |3 U276 Ueo-3 /¢
Al A
4 v2r-15 /3 | (5804 cats |4 u27-15 12
A2 A2
5 /2| H3sU caa |5 2] 4
& #| H3BU cHa | 7] cH4
U32,33-8(w8), U32,33-8(w8),
7058 |7 U32,33-13(WiH) 0| H3U g8F4 | 7 U32,33-13(wWi) 0| 5509
RAM RAMI
gv ROMT g | H35U 0000 gv ROMY g F7PF
Figure C-4, A4U22 Signatures, Free-Run Mode Figure C-5. A4U22 Signatures, Signature Analysis Mode
R53 R78
187K 5K c37 g

REGULATION

Figure C-6. A3R78/U7 Schematic
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