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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 elsewhare in this manual violates safety standards
of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no liability 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 instruments designed
to be hard-wired 1o the ac power lines {supply mains}, connect
the protective sarth terminai 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 common terminal is connected to the
neutral {earthed pole) of the ac power lines {supply mains}.

INPUT POWER MUST BE SWITCH
CONNECTED.

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

DO NOT SERVICE OR ADJUST ALONE.

Do not attempt internal service or adjustment unless another
person, capable of rendering first ald and resuscitation, is
present.

DO NOT EXCEED INPUT RATINGS.

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

SAFETY SYMBOLS.

Instruction manual symbol: the product
will be marked with this symbol when it
is necessary for the user to refer to the
instruction manual {refer to Table of

Contents),

indicates hazardous voltages,

Indicate earth (ground} terminal.

B W

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

WARNING

|

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

CAUTION

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMENT.

Because of the danger of introducing additional hazards, do
not instal] 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 appesr 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 1
GENERAL INFORMATION

11 INTRODUCTION
1-2 This operating and service manual contains a descrip-
tion of the HP Model 6038A System Power Supply, including
specifications, installation and operating instructions, theory of
operation, maintenance procedures and schematics. Program-
ming Note, part number 5952-4118, provides programming in-
structions and examples for the Hewleti-Packard series 200
computers (8816, 9920, 9826, 9836, 9836C}.

1-3 DESCRIPTICN

1-4 The HP 6038A is a 200 W autoranging HP-1B power
supply with maximum ratings of 60 V and 10 A. 1t uses power
MOSFETs in a 20 kHz switching converter to provide an
auioranging output characteristic with laboratory performance.
Output voltage and current are continuously indicated on in-
dividual meters. LED indicators show the complete operating
state of the unit. Front-panel controis aliow the user to set out-
put voltage, current and overvoltage protection trip level. Over-
voltage protection {OVP} protects the user's load by quickly
and automatically interrupting energy transfer § a preset trip
voltage is exceeded. Foldback protection can be selected to
disable the power supply output if the unit switches from Con-
stant Voltage {CV) to Constant Current {CC} mode or vice-versa.
Controt Interface Intermediate Language (CIiL) is available as
an option,

1-8 The HP 8038A can be programmed directly to output
volts and amps. The HP Power Supply can be both a listener
and talker on the HP-I1B and status can be read back to the con-
troiler over the HP-IB. The power supply can be programmed
directly in volts and amps. Power supply status can be read
over the HP-IB, and the power supply can be instructed to re-
quest service for any of nine conditions. Upon command,the
power supply will measure its output voltage, output current,
or OVP trip voltage and put the value on the HP-IB. New out-
put values can be put on hold and triggered later, allowing the
conirolier to synchronize multiple units at one time.

16 The following parameters and features can be controlied
vig the HP-IB:

Output voltage setting {12 bits)
Output current setting (12 bits)
Trigger (update output)

Output disable/enable

OVP reset

“Soft” voltage and current limits
Status reporting

Service request capability

Foidback protection

Output voitage measurement (12 bits)
Output current measurement (12 bits)

2008800

1-1

® OVP setting measurement

® Machine state initizlization

® 16 machine state presets

@ Self test
17 Qutput connections are made to rear-panel screw-on
terminals. Either the positive or negative output terminal may
be grounded or the cutput may be floated up to + 240 Vde (in-
cluding output voltage} from chassis ground. Cutput voltage
can be locally or remotely sensed.

1-8 The HP 6038A is considerably smaller, lighter and more
efficient than older-design supplies with similar output power
capahility. The unitis fan cooled and is packaged in g Hewlett-
Packard System H-compatible modular enclosure which is stur-
dy, attractive and provides easy access for servicing.

1-9 A fault indicator (FLT} and remote inhibit (INH) circuit
provide additional shutdown protection should either the HP-
1B and/or controller fail,

1-19 The fault circuit provides the user with a means of
knowing the status of any unmasked fault register hit,
independently of the SRQ function available through the HP-
{B. In other words you do not have 1o rely on the controller
to inform you of a fault within the power supply.

1-11 The remote inhibit line; which is also independent of
the HP-1B, provides a way to disable the supply remoately {i.e.
a “'panic button’’). In other words you have a means to bypass
the controller and/or HP-1B to disable the supply.

112 SAFETY CONSIDERATIONS

1-13 This product is a Safety Class 1 instrument (provided
with a protective earth terminal). The instrument and this
manual should be reviewed for safety markings and instructions
before operation. Refer 1o the Safety Summary page at the
beginning of this manual for a summary of general safety in-
formation. Safety information for specific procedures is located
at appropriate places in this manual.

1-14 SPECIFICATIONS

1-15 Instrument specifications are iisted in Table 1-1. These
specifications are the peformance standards or imits against
which the instrument is tested. Supplementatl information is also

listed in Tabie 1-1, including typical but non-warranted
characteristics.

1-16 OPTIONS

1-17 QOptions are standard factory modifications or
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accessories that are delivered with the instrument. The foliow-
ing options are available with the HP 6038A. Note lower out-
put power specifications for Option 100, which is described in
Appendix A. Control Interface Intermediate Language (CHIL)
programming capabilities (Option 700) are described in Appen-
dix E.

Opticn Description
001 Blank Front Panel for line Options 120,
220, and 240 Vdc
100 Input power: 100 Vac +6%, —10%;
48-63 Hz single phase.
Qutput power: 150 W, 60 V, 10 A,
120 input power: 120 Vac +6% —13%;
48-63 Mz single phase.
220 Input power: 220 Vac +6%, —13%;
48-63 Hz, single phase.
240 Input power: 240 Vac +6%, —13%;
48-63 Hz, single phase.
800 Rack mount Kit for two units side by
side.
Q08 Single side rack mounting kit with
half-module width extension adaptor.
Note front handle kit {HP P/N
B061-2680; is not compatible with Op-
tion 908.
910 One additional Operating and Service
Manual for each Option 910 ordered.
700 Control Interface Intermediate
Language (CIIL)
W30 Extended Warranty
1-18 ACCESSORIES

1-19  The System-il cabinet accessories and service
accessories listed below may be ordered with the power sup-
ply or separately from your local Hewlett-Packard Sales and
Service Office (see list of addresses at rear of this manual).

HP Part No.
5061-9660

Description

Rack mounting adapter kit for side moun-
ting one 7-inch high cabinet, includes ohe
rack flange and one half-module width
extension adapter. (Will be shipped with
instrument if ordered as Option 908}
Note rack mounting adapter kit (HP P/N
5061-9860) is not compatible with front
handie kit (HP P/N 5081-9690)

Rack mounting adapter kit for center
mounting one 7-inch high cabinet, in-
cludes one rack flange and one quarter-
module width extension adapter {two kits
required), there will be surplus of
hardware.

5061-9661

5061-8678 Rack flange kit for 7-inch high cahbinet.
Must be used with another half-module
width unit of equal depth with iock Jink
kit 53619694, (Will be shipped if instru-

ment is ordered as Option 800).

5061-9694 Lock link kit for joining units of equal
depth, contains hardware for three side-
by-side joints {four units} and two over-
under joints {three units). Locking
cabinets together horizontally in a con-
figuration wider than one full module is
not recommended. 5061-9678 and
5061-9694 will be shipped if Option 800

is orgdered.

5061-9690 Front handle kit for 7-inch high cabinets.
Corresponding flange kit is 5061-2072.
Note front handle kit (HP P/N 5061-9690)
is not compatible with rack mounting
adapter kit {HP P/N 5061-9660) or Option

908.

Flange kit to be used with front handle
kit B0G1-9690,

Rack mounting flange kit with handles for
7-inch high cabinet. Must be used with
another half-module width unit of equal
depth with lock link kit 5061-9694.

Bail handle kit for carrying 7-inch high,
half-module width cabinet.

5061-2072

5061-8684

5061-9703

1460-1345 Tilt stand {1} snaps into standard foot on

instrument, must be used in pairs.

5061-9698 Support shelf bit for mounting one or
more 7-inch high cabinets of any depth

to 20 inches.

5061-9727 Front filler panel, half-module width, for

7-inch high cabinet on support shelf.
Slide kit for b061-0098 support shelf.

Service Kkit, includes extenders for con-
trol and power mesh boards, three cables
to allow HP-IB and PS| boards to lie on
table outside unit, and control board test
connector,

1494-0065
06033-60005

5060-0138 HP-IB connector non-metric to metric

conversion Kit.

5060-2860 FET service kit, includes FETs and all
compenents that should be replaced with

FETs.

INSTRUMENT AND MANUAL
IDENTIFICATION

1-21 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 signifi-
cant design change and the country of manufacture. The first
two digits indicate the vear (24=1984, 25=19858, etci, the
second two digits indicate the week, and A" designates the
U.S.A. The second part of the serial number is a different se-
quential number assigned to each power supply, starting with
00101.

1-26

1-22 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 difference
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between your instrument and the instrument described by this
manual. The change sheet may also contain information for cor-
recting errors in the manual.

123 HP-IB INTERCONNECTION CABLES
AND CONNECTORS

1-24 Cables for interconnecting HP-1B devices are available
in four different langths. The connector block at both ends of
each HP-1B cable has a plug on one side and a matching recep-
tacle on the other, so that several cables may be connected
in parallel, thus simplifying system interconnection. Lock screws
provide secure mounting of each cannector block to an HP-1B
instrument, or t¢ another cable connector block. All connec-
tors supplied since 1978 use metric hardware {colored black!.
Accessories table lists kit for converting one non-metric (col-
ored silver} cable and one or two instruments to metric hard-
ware. The 10833 seriles of cables features improved
shielding, compared to the older 10631 series, to help improve
overall RF| levels in many systems. The 10831 and 10833 series
cables are functionally compatible with one another, but the
10631 series cables will interrupt the continuity of the 10833
series shielding.

Model
10833A HP-IB Cable, 1 m (3.3 ft.)
108338 HP-IB Cable, 2 m (8.6 f1.}
10833C HP-1B Cable, 4 m {(13.2 ft.)
108330 HP-1B Cable, 0.5 m (1.8 ft.)
10834A HP-IB Connector Extender

1-25 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.

1-26 ORDERING ADDITIONAL MANUALS

1-27 One manual is shipped with each power supply. Ad-
ditional manuals may be purchased directly from your local
Hewlett-Packard Sales office. Specify the model number in-
strument serial number prefix, and the manua! part number pro-
vided on the title page. {When ordered at the same time as the
power supply, additional manuals may be puchased by adding
Option 910 to the order and specifying the number of additional
manuals desired).

Table 1-1.

1-28 RELATED DOCUMENTS

1-28 The following documents may be useful for design-
ing HP-IB systems. The HP documents can be ordered from
your local HP Sales Office.

Programming Note, Introductory Operating Guide, HP
System Power Supplies, HP Part Number 5952-4131

Programming Note, Quick Reference Guide, HP
System Power Supplies, HP Part Number 5952-4130.

Condensed Description of the Hewlett-Packard
Interface Bus, HP Part Number 59401-90030,
March, 1975, 18 pages.

Tutorial Description of the Hewlett-Packard
Interface Bus, MP Part Number 58300-90007,
November, 1980, 92 pages.

{EEE Std 488-1978 Digital Interface for
Programmable Instrumentation, corrected edition
July 25, 1880, or later, available frorn:

IEEE
345 East 47th Street
New York NY 10017

1-3¢  HP-IB COMPATABILITY

1-31 The 6038A implements the foliowing HP-1B interface
functions:

SHt (Source Handshake)
AHT (Acceptor Handshakel}
T6 (Talker)

L4 {Listener)

SR1 (Service Request}

Ri.T {Remote Local)

PP1 (Parailel Poll)

BC1 {Device Clear)

DT1 (Device Trigger)

Specifications and Supplemental Characteristics

All perfermance speacifications are at rear terminals with a
resistive load. All specifications apply over the full operating
temperatue range unless otherwise specified.

AC input

Two internal switches and one internal jumper permite opera-
tion from 120, 220, or 240 Vac { - 13%, + 6%, 48-63Hz). 100
Vac operation is a factory set option only.

Input Current:

106 Vac: 6.0 A
120 Vac: 68 A
220 Vac: 3.8 A
240 Vac: 3.6 A
850 VA Maximum
375 W Maximum

input Fuse Ratings:

The AC input is protected by a rear panel mounted fuse:
8 A for 100 Vac and 120 Vac, 4 A for 220 Vac and 240 Vac.

Peak inrush Current:
20 A maximum at any line or temperture.
DC Cutput

Voltage and current can be programmed vai HP-IB, front panel
control or remote analog controf over the foliowing ranges:

Voltage: 0 to 60 V
Current: 0 to 10 A

See graph and table for maximu output power.
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Table 1-1.

Specifications and Supplemental Characteristics {continued)

QUTPUT BOUNDARY SPECIFICATION

Voltage Current Power Current Voltage Power

V) {A) wh {A) {v) {w)
20 10.0 200 3.3 60 200
25 8.5 212 4.0 54 216
30 7.8 228 5.0 46 232
35 6.7 234 6.0 40 240
40 6.0 240 7.0 - 34 238
45 5.3 237 8.0 29 232
50 4.6 232 9.0 24 217
b5 4.1 226 10.0 20 200
80 3.3 200 -

200W

ARG

Load Effect

For a ioad change equal to 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% +5 mA

Source Effect
For a line change within

Voltage: 0.01%
Current; 0.01%

rating:

+2 mv
+2 mA

DG Qutput lsolation

Either output terminal may be floated up to +240 Vdc (in-
cluding output voltage) from earth ground.

PARD (Ripple and Noise}
RMS/pk-pk 20Hz-20 MHz:

Voltage: 3 mV/30 mV
Current: 5 mA
Common mode current: T mA/40 mA typical

Temperature Coefficient:
Change in output per °C after a 30-minute warmup.

Voltage: 50 ppm +3 mV
Current: 90 ppm +0.3 mA

Drift (Stability)

Change In output over an 8-hr interval under constant line,
load and ambient temperature after 30-minute warmup.
Voltage: 0.02% +2 mV
Current: 0.03% +3 mA

Load Transient Recovery Time

The time reguired for the output voltage to recover within
a band around the nominal voltage following a 10% or 50%
change in lfoad current.

10% load current change: 1 ms to within 75 mV

"B0% load current change: 2 ms fo within 200 mV

Qutput lmepdance (Typical)
See graph:

t

TUTPLY IMPRDANCE 1510

o0t 1 | !
: 100k

G0 i3

o]
FREQUENSY (M7
Programming Resolution

Voltage: 16 mV
Current: 2.5 mA

Programming Accuracy {26 +5 °C)
Voltage: 0.036% +40 mV
Current: 0.085% -+ 10 mA
Both channels are monotonic over the operating temperature
range.
Programming Response Time
Maximum time for output voltage to change from 0 to 80
V oor 80 V to 2 V and settle within 15 mV of final value.
Up: Full load {18 ochms} 225 ms
Light load (400 ohms} 225 ms
No load 225 ms

Down: Full load (18 ohms} 400 ms
Light load (400 ohms) 750 ms
No load 1500 ms
Typical programming response time data for changes other
than full-scale excursions:

full load light load no load
18 chms 400 ohms

Up: 0-60V 150 ms 120 ms 120 ms
G-30V 120 ms 100 ms 100 ms
20-60V 120 ms 100 ms 100 ms
Down: 60 -2V 150 ms 400 ms 850 ms
60 - 10V 110 ms 210 ms 350 ms

60 -30V 160 ms 340 ms 500 ms
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Specifications and Suppliemental Characteristics {continued)

Table 1-1.
Typical output voltage overshoot:
Final value Overshoot
<3V 3V
>3V 0.1V

Readback {25 +5 °C)

Voitage Resolution: 16 mV
Accuracy: 0.07% +50 mV
TC: 30 ppm +1mV /°C

Resolution: 2.5 mA
Accuracy: 0.20% +11 mA
TC: 70 ppm +0.5 mA /°C

Current

Resolution: 37.5 mV
Accuracy: 0.25% +300 mV
TC: 100 ppm +5 mV

OvP

Front Panel Meters (26 +5 °C}

VOLTS
Range Resolution Accuracy
2V B mv 0.07% +580 mV
20V 15 my 0.07% +55 mV
200V 100 mv 0.07% +100 mV
TC: Same as voltage readback
AMPS
Range Resolution Accuracy
20 A 10 mA 0.20% +11 mA
TC: Same as current readback
OVP
Range: 200 V

Resclution: 100 mV
Accuracy: 0.3% +300 mV
TC: Same as OVP readback

Multipie Oprations

Up to two HP 6038A units may be connected in series or
auto-parallel, to provide increased output capabilities. Note
mixing supplies with dis-similar output capabilities is not
recommended; because under certain conditions, the lower
output unit may be stressed beyond it's maximum voltage
and/or current capabilities by the higher output unit,

Overvoltage Protection
Trip voltage adjustable via front panel control.

Range: 0-63 V

Resolution: 100 mV

Accuracy: 0.25% +300 mV {Set using DISPLAY
function}

TC: 160 ppm +5 mV/°C

OVP

Minimum setting above output voltage to avoid nuisance
tripping is 1.5 V,

Remote Analog Programming (258 +5 °C}

Resistance programming:

0 to 4 k provides zero to maximum rated output voltage or
cuirrent. The resulting scale Tactor is T ohm/LSB for a 12-bit
system, which corresponds to 200 ohms/volt and 133
chms/amp.

Voltage:
Accuracy: 0.42% +30 mV
TC: 50 ppm +3 mY

Current;
Accuracy: 0.8% +20 mA
TC: 100 ppm +0.3 mA
Voitage programming:

0 to b V provides zero to maximum rated output voltage or
current.
Voltage:
Accuracy: 0.26% +30 mV
TC: 10 ppm +3 mV

Current;
Accuracy: 0.15% +20 mA
TC: 70 ppm +0.3 mA

The programming inputs are protected against input voltages
up to $40 V.

FAULT {(FLT) lterminals 1 and 2)

{ioh) low level output current = -+ 1.25 mA max.
{Vol) low level output voltage = 0.5 V max.

INHIBIT (INH)} (terminals 3 and 4}

{Vih) high level input voitage = 2 V min.
(Vi) low level input voltage = 0.5 V max.
{tw} Pluse width = B0 ms min.

{te} Delay time = B0 ms max. {2.0 ms typ.)
thl) low level input current = 1.25 mA max.

ABSOCLUTE MAXIMUM RATINGS:

between FLT terminals (terminals 1and 2): +17.5

Ydc max.
between INH terminal (terminals 3 and 4} +5.b
Vdc max,
between terminals 1 or 2 1o pin 4 or chassis gound:
+42 Vdc.

Voltage and Current Monitor Outputs (28 +5 °C}

0 to & V output indicates zero to maximum rated output.
All accuracy specifications are referred to the output of the
supply.
Voltage:
Accuracy: 0.25% -+ 10 mV
TC: 10 ppm +2 mV /9C
Qutput impedance; 10.2 k Qohm +£5%

Current:
Accuracy: 0.15% +6 mA
TC: 70 ppm +0.3 mA/°C
Qutput impedance: 102 k @ +5%

1-5
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Table 1-1.

Specifications and Supplemental Characteristics {continued)

Remote Sensing

Meets ioad-effect specification at lvad by correcting for load-
lead drop of up 1o 0.5 V per lead with sense wire resistance
of less than 0.2 ohms per sense lead and lead lengths of less
than 5 metres.

Operation with up to 2V drop per load lead is possible; load-
effect specification depends on sense-wire resistance. Refer
to Section Il

Reverse Voliage Protection

Maximum permissibie current caused by reverse voltage im-
pressed across output terminals:

10 A with AC power on
10 A with AC power off

Temperature Ratings

Operating: 0 to +55°C
Storage: —40 10 +75°C

Certification
Unit comptlies with the following reguirements:

IEC 348-Safety Requirements for Electronic Measuring
Apparatus.

CSA 556B-Electronic instruments and Scientific Apparatus
for Special Use and Applications.

VDE 0411-Electronic Measuring Instruments and Automatic
Controis.

VDE 0871/6.78 level B- RF| Suppression
Dimensions: See Figure 2-1
Waeight

Net: 9.8 kg {21 i)
Shipping: 11.4 kg (25 b}

1-6
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Section |
INSTALLATION

2-1  INTRODUCTION

2-2 This section contains instructions for checking and
repacking the unit, bench or rack mounting, connecting the
unit to ac input power, and converting the unit from one line
voitage to another if required. Instructions for connecting load
and HP-1B cables, and for setting the HP-IB address are given
in Section Ill.

2-3  INITIAL INSPECTION

2.4 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 car-
rier immediately. The Hewlett-Packard Sales and Service of-
fice should be notified as soon as possible.

28 Mechanical Check

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

2-7  Electrical Check

2-8 Section V contains complete verification procedures for
this instrument. Section It containg an abbreviated check which
can be used quickly 1o place the unit into operation. Refer to
the inside front cover of the manual for Certification and War-
ranty statements.

2-9 PREPARATION FOR USE

2-10 In order to be put into service, the power supply must
be connected to an appropriate ac input power source. Also,

Bé?a’%:éao 'BGL.OCK
e @»W SCREW SIZE N
31.75mm (1.250")—m=! }ﬂ—
cbeen | ey oLt
y ~~ jore
a ¢ @i vm &
R @1 ve
2 - iy 2123
ABDRESS” ol 1 Smm
ravsarics 1[I, | [|@] vP (8.360")
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Figure 2-1.

QOutline Diagram
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the line voltage for which the unit is set and the rear-panel fuse
must be checked. Additional steps may include line voltage con-
version and rack mounting. Do not apply power to the instru-
rment before reading paragraph 2-19.

2-11  Location and Cocling

2-12 The instrument is fan cooled and must be installed with
spfficient space in the rear and on sides for air flow. Either side
{but not both) may be restricted to have as little as 1/4 inch
{8mrnj} space. It should be used in an area where the ambient
temperature, measured at the fan intake, does not exceed
+55°C,
2-13  Qutline Diagram

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

2-18  Bench Operation

2-18 The instrument cabinet has plastic feet, which are
shaped to ensure self aligning when stacked with other Hewlett-
Packard System Il cabinets,

2-17  Rack Mounting

2-18 The unit can be mounted in a standard 19-inch rack
panel or enclosure. Rack mounting accessories for this unit
are Histed in the ACCESSORIES paragraph in Seetion |,
Complete installation instructions are included with each rack
mounting kit.

2-19  Input Power Requirements

220 This supply may be operated from a nominat 100 V,
120V, 220 V or 240 V single-phase ac power source (48-63 Hz).
The input voltage 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 375 watts. A
fabel 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
1o another by following the instructions in Paragraph 2-25.

Nominai Line Yoltage Maximum
Voltage Range Input Current
100 v 87-108 8.0 A rms
120V 104-127 6.5 A rms
20V 191-233 3.8 Amms
240 V 208-250 3.6 Amms
2-21  Powaer Cable
2-22 The power supply is shipped from the factory with a

power-cord plug appropriate for the user's location. Figure 2-2
ilustrates the standard configuration of power-cord plugs
used by Hewlett-Packard. With each drawing is the HP Part
Number for a replacement power cord equipped with a plug

OPTION 900 OPTION 90! OPTION 902
i o
e o
A\ 4
8120 —1358 BI20 - 1369 BiZ( - 689
OPTION 903 OPTION 504 OPTION 906
® U c
® ®
i1 - 8
820 ~ 1348 125 — 3498 BI20-2104
STANDARD PLUG ONLY

Figure 2-2. Power-Cord Plug Configurations

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

2-23 To protect operating personnel, the National Electrical
Manufacturers Association (NEMA} recommends that the in-
strument panel and cabinet be grounded. This instrumenit is
equippad with a three-conductor power cable; the third con-
ductor is the ground conductor. When the cable is plugged in-
10 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 recep-
tacle is encountered, it must be replaced with a properly ground-
ed three-contact receptacls in accordance with the National
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 in-
put lines separated from signal lines.

2-25 LINE VOLTAGE OPTION CONVERSION

CAUTION

Conversion to or from 100 YV operation requires
recalibration and replacement of internal com-
ponents in addition to the line voftage com-
ponents, and is to be done only at the factory.
Failure to reconfigure and recalibrate the power
supply may result in damage to the unit,
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2-26 Line voltage conversion is accomplished by adjusting
three components; the two-section line select switch A182, line-
voltage jumper ATWS5, and rear-panel line fuse F1. To convert
the supply from one line voltage option to another, proceed
as follows:

WARNING §

Some cormponents and circuits are at ac line
voltage even with the switch off. To avoid elec-
tric shock hazard, disconnect line cord and load
before removing cover.

a. Remove top cover from instrument by removing two
screws that secure cover to rear panel; remove only rear
screw on carrying handle; slide cover to rear and lift off.

b. The line voltage select switch is located in the front left
corner of the instrument {see Figure 2-3). Use a smali-
blade screwdriver to set the two switch sections to match
the pattern silkscreened on p.¢. main board as shown
in Figure 2-3. For example, to set switches for 120 V
operation {as ilustrated), move forward switch section
so that its white slot is toward front of instrument and
move rearward switch section so its white slot is toward
rear of instrument.

¢. One end of ATW5 is soidered to motherboard; the other
end has a female right-angle guick-connect terminal that
fits onto one of two terminals soldered to motherboard.
For 100 V or 120 V operation, ATWS must be connected
to terminal closer to center of instrument; for 220 V or
240 V operation, ATWS5 must be connected to terminal
closer to side of instrument. Be certain that jumper is firm-
ly mated with terminal on motherboard. Do not grip
jumper insulation with pliers; either grip jumper wire by
hand or grip jumper terminal with pliers.

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 120 V operation, use 8 A fuse, HP
Part Number 2110-0383. For 220 V or 240 V operation,
use 4A fuse, HP Part Number 2110-0055.

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

WT0n Y
[ BNADTTIR NIR U XD HLIN

INSIDE COVER

FRONT OF UMIT

Figure 2-3. Line Voitage Selection Components

227 REPACKAGING FOR SHIPMENT

228 To insure safe shipment of the instrument, it is recom-
mended 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 atlach a tag to the instrument
specifying the owner, model number, full serial number, and
service required or a brief description of the trouble.
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Section |
OPERATING INSTRUCTIONS

31 INTRODUCTION

32 This section describes the operating controls and in-
dicators, turn-on checkout procedures, and operating pro-
cedures and considerations for the HP 6038A. Local {front-
panel) and remote (via HP-1B} operation are described separate-
ly, but the user shouild become familiar with both methods of
operation. Information in this section through paragraph 3-64
applies 1o both local and remote operation. Programming ex-
ampies for specific Hewlett-Packard computers are given in the
introductory Operating Guide, HP P/N 5852-4131. The Quick
Reference Guide, HP P/N 5952-4130, is useful for operators
who are already familiar with the operation of the HP 6038A
power supply. 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).

Control interface Intermediate Language (CHL} programming
is described in Appendix E at the rear of this manual.

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 inter-
ruption of the protective esarth grounding wilf
cause a potential shock hazard that coufd result
in personal injury. For continued protection
against fire hazard, use only a 250 Yac fuse with
required current rating. Do not use slow-blow
fuses. Do not use short circuited fuseholders. To
do so could cause a fire and shock hazard.

CONTROLS AND INDICATORS

3-3

3-4 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
3-6 The HP 603BA can operate as a constant voltage (CV}

or constant current (CC) source over a wide range of output
voltage and current combinations. The specifications table con-
tains a graph showing the overall output range of the power
supply. Figure 3-2 shows a rectangular operating locus that is
defined by voltage and current settings of the power supply.
The point on that locus at which the power supply actually

3-1
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Figure 3-1. Front-Panel Controis and Indicators

operates is determined by the load resistance. Three load-
resistance lines are shown on Figure 3-2. The line representing
load resistance A, the highest load resistance shown on the
graph, crosses the operating locus at point 1. Point 1 is on the
part of the operating locus defined by the voltage setting, so
the power supply operates in CV mode.

3-7 Similarly, the line representing load resistance C, the
lowest load resistance shown on the graph, crosses the
operating locus at point 3. Point 3 is on the part of the operating
locus defined by the current setting, so the power supply
operates in CC mode.

3-8 Load Resistance B equals the crossover resistance for
the particular combination of voitage and current ssttings shown
on the graph. Either the CV or CC LED, or both, will light. if
the load resistance increases, the voltage setting decreases, or
the current setiing increases, the power supply will operate in
CV mode. Conversely, if the load resistance decreases, voltage
setting increases, or current decreases, the power supply will
operate in CC mode.

3-8 in Figure 3-2 the entire rectangular operating locus falls
within the output range of the power supply. Figure 3-3 shows
a situation in which the voltage and current settings are high
enough that the rectangular operating locus is cut off by the
maximum output power boundary of the power supply. For the
load resistance A, the power supply operates in CV mode at
the voltage and current values for point 1. Similarly, for load
resistance D the power supply operates in CC mode at point 4,
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Tabie 3-1. Controls and indicators
Mumber Controls/indicators Dascription Paragraph
1 LCL Pushbution Returns unit to local control (unless local 3-73—3-75,3-94
lockout has been received via HP-IB). In local,
power supply remains subject io remotely pro-
grammed soft limits and delays., When held in
for one second, LCL causes HP-IB address to
be displayed for up to two seconds or until
L.CL switch is released.
2 HP-1B Status Indicators RMT {green)} indicates that power supply 3-688, 3-74
is under remote (HP-IB} control.
These four LEDs indicate the
status of the power L.SN {green) indicates that power supply 3-79
supply on the HP-1B. is addressed to listen.
TLK {green) indicates that power supply is 3-79
addressed to talk.
SRQ {green) indicates that power supply is 3-80--3-83
requesting service from controller.
K Power Supply Status CV (green) indicates that the power supply is 3-17d
indicators {Primary) regulating its output at a constant voltage.
These four LEDs indicate the CC (green) indicates that the power supply is 3-17j
operating state of the power regulating its output at a constant current.
supply. Usually only one LED
is an, but both CV and CC OVERRANGE (vellow) indicates that the power 3-10—-3-11,3-58
can be on together if unit supply is operating beyond its maximum
is operating at crossover output power specification and that the
point between CV and CC. output is not regulated.
DISABLED (yeHow! indicates that the power 3-59
supply output has been turned off for one of
these reasons:
a. command from controller
b. overvoltage protection
¢. overtemperature protection
d. foldback protection
e. low or high ac input voltage
f. remote inhibit
4 Power Supply Status OV (vellow) indicates that the overvoltage 3-17g, 3-60
Indicators (Secondary) protection circuit has disabled the output and
is latched.
These four LEDs indicate the
state of protective ¢ircuits OT {yellow] inidcates that the overtemperature 3-61
within the power supply. protection circuit has disabled the output.
FOLDBACK {yellow} indicates that the foldback 3-35--3-39,
protection circuit has disabled the output and 3-63, 3-145
is latched.
ERROR (yellow) indicates that the powsr 3-17,1,3-64
supply has detected a programming error. 3-183—3-185

32
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Table 3-1.

Controls and Indicators (continued)

Mumber

Controls/Indicators

Description

Paragraph

H user attempts to exceed soft limits locally
(fusing RPG}, ERROR will light while RPG is
being rotated and will remain on for approx-
imately 1 second after rotation stops.

For remote programming error, ERROR will
turn off when error query is received.

Numeric Display

Two 3-1/2 digit alphanumeric displays with
automatically positioned decimal point that
ordinarily indicate output VOLTS and AMPS
{see items & & 7). When power supply is

1 second. During an error condition, power
supply output may exceed display range;
displays will indicate +OL or —OL.

turned on all segments light for approximately

3-13-3-16,
3-170-1,3-94

DISPLAYS SETTINGS
Pushbg‘tton Switch

Causes numeric displays to indicate

shorting lcad.

programmed voltage and cumrent values, rather
than actual ouipui values; allows both settings
to be made without the necessity of opening or

3-17b, d. j,
3-67

DISPLAY QVP
Pushbution Switch

Causes VOLTS display to indicate OVP trip

tings or load connections.

voltage, AMPS display is blanked; allows set-
ting to be made without changing output set-

3-33

OUTPUT ADJUST
Controls

by whichever (green} indicator, VOLTAGE or
CURRENT, is on. Knob functions as a two-
speed device; faster rotation causes greater

control.

QUTPUT ADJUST knob functions either as a
voltage controt or a current control, as deter-
mined by the pushbutton switch and indicated

rate of change per rotation. QUTPUT ADJUST
controls operate only when unit is under local

3-17d-1,3-66

FOLDBACK Control

The pushbutton switch toggles foldback pro-
tection on and off in local operation; has no

ROR LED flashes}, or in remote. Switch also
rasets foldback protection circuit if it has

disabled power supply output. FOLDBACK

or remote.

effect if power supply is not in CV or CC {ER-

ENABLED LED (green) operates in either local

3-63,3-68e,
3-72e

10

OVP ADJUST

The recessed, single-turn screwdriver control
sets the overvoltage protection trip voltage.

3-33

11

LINE Switch

Turns ac power on and off.

3-17a

3-3
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3-190 For load resistances between B and C, the operating
point will be on the maximum output-power boundary between
points 2 and 3, and the OVERANGE LED wilt be on. The VOLTS
and AMPS displays will indicate the voltage and current being
supplied to the output. {The product of the two readings will
exceed rated output power of the supply.} Note that the ac-
tual boundary is beyond the specified minimum boundary. The
OVERRANGE LED will light only if the actual boundary is
exceeded.

3-11
tained periods without being damaged. Howaver, the supply
is not guaranteed to meet specifications in overrange. Output
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
occurs, the unit will operate normally and the
OVERRANGE indicator will be off. However, the
slightest change in either line or load may cause
the unit to go out of regulation. Operation of the
unit beyond the rated-output-power boundary is
not recommended under any circumstances.

The supply can operate in the overrange region for sus-

3-4

3-12 TURN-ON CHECKOUT PROCEDURE

3-13 The power supply performs a series of self tests each
time power is turned on. Al front-panel LEDs, inciuding
all meter segments, are also turned on. The tests take approx-
imately one second to complete, and all indicators remain on
while the tests are running. This alerts the operator that self
tests are running, and allows the operator to note if any in-
dicators are inoperative. 4

314 After the self tests are completed all front-panel! in-
dicators are turned off for one-half second, allowing the operator
to note if any are stuck on. f the operator suspects that any
indicator may be malfunctioning he should turn power off and
back on again while observing that indicator.

3156 Once the all-indicators-off period is over, the HP-IB
address switch setting is displayed on the meter displays for
one second. For example, if the address switches were set for
address 5, the display would be:

Adr b

3-16  if the unit fails any of the self tests, an error code is
displayed on the meter displays. The unit will not re--
spond to any commands, either from the front panef or HP-iB,
and it should be removed for service,

NOTE

Because the power supply is testing itself, it is
not possible to guarantee that the unit will pro-
vide an unambiguous indication of all possible
faifures, For example, a failure in the core of the
microcomputer or in the hardware used to light
the front-panel display may prevent the unit from
indicating that it has failed a test. Refer to the
troubleshooting procedures in Section V if there
is any reason to suspect that the unit may be
malfunctioning.

317 The following procedure ensures that the unit is opera-
tional, and may be used as an incoming inspection chack. Refer
to Section V for more extensive performance tests to deter-
mine that the unit meets specifications. Ensure that the rear-
panel MODE switches are set as shown in Figure 3-4, and that

MODE.

gn-ang

l;gm YOC WAX

@

@

Figure 3-4. Factory Settings, Mode Switch
and Sensing Leads


https://www.manualsplus.com/

the sensing jJumpers are tightened securely. Check that the rear-
paneal label indicates that the unit is set for the line voltage to
be used. There should be no cables connected to the rear panel
HP-I18 connector. Check that the recessed OVP ADJUST con-
trol on the front panel is fully clockwise. The HP-IB address
switches may be set to any address from 0 to 30 for this
procedure.

a. Press top of LINE rocker switch to turn unit on. Fan
should operate. Check that display shows HP-1B address
set by rear-panel switches. After address display, CUR-
RENT indicator should remain on and either CV or CC
indicator should remain on. {SRQ indicator will remain
on if rear-panel PON SRQ switch has been set to 1.)

b. Press momentary-contact DISPLAY SETTINGS pushbut-
ton switch and check that VOLTS display indicates 0.00
and AMPS display indicates .00,

c. Press momentary-contact DISPLAY OVP pushbutton
* switch and check that VOLTS display indicates 685 £2 V.

d. Tum QUTPUT ADJUST knob clockwise, press DISPLAY
SETTINGS switeh, and check that AMPS setting has in-
creased. CV indicator should be on and CC indicator
shouid be off, '

e. Press momentary-contact OUTPUT ADJUST pushbut-
ton switch once; VOLTAGE indicator should turn on and
CURRENT indicator should turn off.

f. Turn QUTPUT ADJUST knob clockwise and check that
autput voltage increases from zero to full output voltage
as indicated on VOLTS display. Continued clockwise rota-
tion may cause VOLTS display to indicate + OL, and ER-
ROR indicator will light (turns off one second after
clockwise rotation stops).

g. Check overvoltage protection circuit by turning OVP AD-
JUST contro! counterclockwise until OVP circuit trips.
Output shouid drop to 0 V, CV indicator turns off, and
DISABLED and OV indicators turn on {SRQ and
VOLTAGE indicators remain onj.

h. Reset OVP circuit by turing OVP ADJUST control fully
clockwise and turning unit off and back on. Output
voltage should come on at O volts.

i. Tocheck constant current circuit, turn power suppiy off
and connect a wire (AWG#18, 1 mm? or larger} across
4- and —terminals on rear panel.

j. Turn power supply on and press QUTPUT ADJUSTY
switch once to turn on VOLTAGE indicator, Turn QUT-
PUT ADJUST knob clockwise, press DISPLAY SET-
TINGS switch, and check that VOLTS setting has in-
creased. CC indicator should be on and CV indicator
should be off.

k. Press. QUTPUT ADJUST switch once; CURRENT in-

dicator should turn on and VOLTAGE indicator should
turn off.

1. Tum QUTPUT ADJUST knob clockwise and check that
output current increases from zero to full output current
as indicated on AMPS display. Continued clockwise rota-

3-5

tion may cause AMPS display to indicate + OL, and ER-
ROR indicator light (turns off one second after clockwise
rotation stops).

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

INITIAL SETUP AND
INTERCONNECTIONS

Turn off input ac power before changing any rear-
panel connection and make certain alf wires and
straps are properly connected and terminal block
screws are securely tightened before reapplying
power. Be certain to replace both terminal block
cover before reapplying power.

3-18

319  Connecting the Load
3-20 Load connections 1o the power supply are made at
the +and —terminais on the rear panel. Two factors must be
considered when selecting wire size for load connections, con-
ductor termperature and voltage drop.

3-21 To satisfy safety requirements, the wires to the load
sholild be at least heavy enough not to overheat while carry-
ing the power supply output current that would flow if the joad
were shorted. Stranded AWGH1S copper wire 1 mm? cross-
section area} is rated for 13.5 amps at 105°C conductor
temperature. {The maximum allowable conductor temperature
is based on -+ 60°C ambient temperature plus 45°C temperature
rise because of continuous dc current). This rating is based on
use of a twisted pair to connect the load to the supbly. If the
wire insulation is rated for less than 105°C or if the wires are
located suchthat heat buiid up is a factor, larger wire sizes must
be used. The minimum foad wire size is AWG #186 {1mm?),

3-22 The wiras must be properly terminated with connec-
tors securely attached. Do not connect unterminated wires to
the power supply.

3-23 The minimum wire size required to prevent overheating
will not usually be large enough to provide a good voltage
reguiation. at the load. For proper regulation the load wires
should be large enough to limit the voltage drop to no more
than 0.5 volts per lead. Table 3-2 lists resistivity for various wire
sizes and the maximum lengths that may be used to Emit voltage
drop to 0.5 volts for various currents. Lengths are given in

metres and.(feet), '

3-24 To determine maximum lengths {in metres or fest} for
currents not listed, use the formula;
500

current x resistivity
where current is expressed in amps and resistivity is expressed
in ohms/kilometer or ohms/1000 feet. If load regulation is
critical, use remote voltage sensing (paragraph 3-40),

maximum length =
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WARNING

Remember while calculating load wire size that
the wire must be large enough not to overheat
while carrying the current that would flow if the
load were shorted.

3-25 Table 3-3 lists current-carrying capacity {ampacity) for
various sizes of stranded copper wire.

3-26 The terminat blocks are protected by impact-resistant
plastic covers, which are secured to the unit with two M4 x
8 screws sach, Be certain to replace the covers after making
connections.

3-27 H multiple loads are connected to one supply, each

load should be connected to the supply's output terminals
using separate pairs of connecting wires. This minimizes mutual
coupling effects and takes full advantage of the supply’s low
output impedance. Each pair of connecting wires shouid be as
short as possible and twisted or shielded to reduce noise pickup
and radiation.

3-28 i load considerations require the use of output distribu-
tion terminals that are located remotely from the supply, then
the power supply output terminals should be connected 1o the
remote distribution terminals by a pair of twisted or shielded
wires and each load should be separately. connected to the
remote distribution terminals. Remote voltage sensing is re-
quired under these circumstances {paragraph 3-40). Sense either
at the remote distribution terminals, or {if one load is more sen-
sitive than the others) directly at the most critical load.

Table 3-2. Maximum Wire Lengths To Limit Voltage Drops

Wire Size Resistivity Maximum Length In Metres {Feet)To Limit
Cross- Voltage Drop To 0.5V Or Less
Section
Arsa
AWG In mm? 0/ kit 2/km 5A 104 20A 304
22 16.15 {6} (3 {1.5) i
0,5 40,1 2,5 1.2 0,8 0,4
20 10.16 (9.5} {4.5} {2) {1.5)
0,75 28,7 3,7 1,9 0,9 0,6
18 5.388 (15.8) (7.5} (3.5} {2.5)
1 20,0 50 25 1,3 0,8
16 4,018 (24.5) (12} {6 {4}
1,6 13,7 7.3 3.6 1.8 1,2
14 2.526 (39.5) {19.5) {9.5) (6.5
2,5 8,21 12,2 6,1 3,0 2,0
12 1.589 (62.5) (31} (15.5) {10.5)
4 5,08 18,6 9,8 4,9 3.3
10 0.9894 {100} (50} {25} (17}
6 3,39 28 14,7 7.4 4,9
8 (.6285 {159) {79} (38.5) (27)
10 1,95 51 25 12,8 8,5
6 0.3953 (252) {126} 63} {4)
16 1,24 80 40 20 : 13.4
4 .2486 (402) {201} (100} (68)
25 0,795 126 62 31 20
2 0.1564 (639} (319} _ (159) {108)
35 0,565 176 88 44 29
50 0,393 254 127 83 42
0 0.09832 {1020} (509} {254) {173)
Wire sizes of AWG #14 {2,5mm?) or smaller are normally used only for sense leads.

3-8
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Table 3-3. Stranded Copper Wire Ampacity

NOTES:

Wire Size
Cross Saection
AWG Area in mm? Ampacity
22 5.0
20 8.33
G.75 16
18 15.4
1 13.5
16 19.4
1.5 i6
14 31.2
2.5 25
12 40
4 32
10 55
6 40
8 75
10 683
6 100
4 135
2 180
G 245

1. Ratings for AWG-sized wires are
darived from MIL-W-50888.
Ratings for metric-sized wires are
derived from |EC Publication 335-1,

2, Ampacity of aluminum wire is
approximately 84% of that listed
for copper wire.

3. When two or more wires are bundled
together, ampacity for each wire
must be reduced to the foliowing
percentages:

2 conductors 84%
3 conductors 89%
4 conductors 83%
5 conductors 76%

4. Maximum temperatures: Ambient, 56°C;
Condusier, 105°C

3-29 Either positive or negative voltages can be obtained
from the supply by grounding one of the output terminais. It
is best to avoid grounding the output at any point other than
the power supply output terminals to avoid noise problems
caused by common-mode current flowing through the load
leads to 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 sup-
ply can be opserated with either output terminal up to + 240 volts
de {including output voltage} from ground.

3-30 The PARD specifications in Table 1-1 apply at the
power supply output terminals, However, noise spikes
induced in the load leads at or near the load may affect the
toad 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 3-5. With this setup, peak-to-peak
noise at the load can actuaily be reduced to a level well below
the value specified at the power supply output terminals.
3N Overvoltage Protection {QOVP)

3-32 The overvoltage trip point is adiusted at the front pansi.
The approximate trip voltage range is from zero volts 1o 65 volts,
When the OQVP circuit trips, the power supply output is
disabled and delivers no output power, and the OVP and
DISABLED indicators turn on.

3-33 Adjustment, OVP is éet by the recessed single-turn
OVP ADJUST potentiometer on the front panel. Rotating the
control clockwise sets the trip voltage higher. {It is set to

maximum at the factory.} When adjusting the OVP trip point,
the possibility of false tripping must be considered. If the trip
voltage is set too close to the supply's operating voltage, a tran-
sient in the ouiput 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 volt {see NOTE following
Paragraph 3-42). To adjust the OVP trip voltage, proceed as
follows:

a. Turn on supply and hold DISPLAY QVP pushbution in.

b, Insert a small-blade screwdrivar through hole iny front panet

and adjust OVP trip voltage to desired level.

POWER  SUPFLY
g-—*AC
* oSS — ACC
elelelle 2 —GND
Ak N

LNOTE IF EiTHER SIDE OF
LOAD 15 TO BE GROUNDED,
GROUND CONNECTION SHOULD

BE MADE AT POWER SUPPLY,
NOT AT LOAD,

Nt
TWISTED PAIR OR :: i
PARALLEL AND CLOSE

TOGETHER

LOAD

BYPASS CAPACITOR:
2, 7EVds, AS CLOSE
AS POSSBLE TO LOAD.

Figure 3-5. Connecting a Bypass Capacitor
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33 OVP Reset. Toreset OVP locally, turn the LINE switch
off and then back on. OVP can also be reset via HP-IB by
sending RST. The cause of the overvoltage must be removed
before the OVP circuit is reset or the circuit will trip again
immediately. If the OVP circuit trips continuously check the load
and the trip voltage.

3-35 Foldback Protection

3-36 in some applications either CV or CC mode may be
regarded as an error condition. The foldback protection feature

protects sensitive loads by disabling the power supply output
if the unit switches to the prohibited mode.

3-37 in local cordrol, foldback protection is toggled on or
off by the FGLDBACK pushbutton switch. The output will be
disabled if the power supply switches from whichever mode
(CV or CC} is in operation when foldback is enabled to the other
mode. In addition to turing foldback protection on and off,
the FOLDBACK pushbutton switch also resets the foldback pro-
tection circuit if it has tripped. The conditions which caused
foldback should be corrected before the circuit is reset, or the
foldback protection circuit will trip again after reset. To turn
off foldback protection if the foldback protection circuit has
tripped, press the FOLDBACK switch twice in rapid succes-
sion, onee to reset the foldback protection circuit and the se-
cond time to turn off foldback protection.

3-38 The green FOLDBACK ENABLED LED fights to in-
dicate that foldback protection is enabled; the vyellow
FOLDBACK LED lights to indicate that the foldback protection
circuit has tripped. Note the ERROR will light if an attempt is
made to turn on foldback protection while the power supply
is not in CV or CC mode.

3-39 When enabled via HP-IB foldback protection can be
enabled for either mode, regardless of the operating state of
the power supply when the command is received.

340 Hemote Voltage Sensing

3-41 Because of the unavoidable voltage drop developed
in the load leads, the strapping pattern shown in Figure 3-4 will
not provide the best possible voltage regulation at the load. The
remote sensing connections shown in Figure 3-6 improve the
voltage regulation at the load by monitoring the voltage there
instead of at the supply's output terminals. Remote sensing
allows the power supply 1o automatically increase the output
voltage and compensate for the voltage drops in the load leads.
This improves the voltage regulation at the load, and is especially
useful for CV operation with loads that vary and have signifi-
cant load-lead resistance. Note that with remote sensing,
voltage readback is at the load. Remote sensing has no effect
during CC operation. When using remote sensing, turn off the
power supply before changing the rear-panel straps, sense
leads, or load leads. Connect the unit for remote voltage sens-
ing by connecting load leads from + OUT and ~ QUT terminals
to the load, disconnecting straps between + Outand + S and
between ~Qutand —~ S, and connecting sense leads from the
+$ and -5 terminals to the load as shown in Figure 3-6.

3-8

NOTE

Sensing is independent of other power supply
functions; either local or remote sensing can be
used regardiess of how the power supply is
prograrmmed.

POWER SURPLY

+ #8-5 -

.__@}..

LOAD

Figure 3-8. Remote Voltage Sensing

342 The load leads should be of the heaviest practical wire
gauge, at least heavy enough 1o limit the voltage drop in each
lead to 0.5 volts. The power supply has been designed to
minimize the effects of long load-lead inductance, but best
results will be obtained by using the shortest load leads practical.

NOTE

Remote voltage sensing compensates for a
voltage drop of up to 0.5 V in each lead, and there
may be up to a 0.12 V drop between the -output
terminal and the internal sensing resistor, at
which point the OVP circuit is connected,
Therefore, the voltage sensed by the OVP circuit
could be as much as 1.12 V more than the voltage
being regulated at the ioad. It may be necessary
to readfust the OVP trip voltage when using
remote sensing.

3-43 Because the sensing leads carry only a few
milliamperes, the wires used for sensing can be much lighter
than the load leads. Each sense lead should have no more than
0.2 ohms resistance. Use the resistivity columns in Table 3-2
to determine the minimum wire size for the length of sense leads
being used. The sense ieads should be a shielded, twisted pair
1o minimize the pickup of external noise. Any noise picked up
on the sensing leads will appear at the supply's output, and
CV load regulation may be adversely affected. The shield shouid
be grounded at the power supply end only, and should not be
used as one of the sensing conductors. The sensing leads
should be connected as close to the load as possible.
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3-44 if slightly degraded CV load regulation can be tolerated,
the power supply will provide remote voltage sensing with up
to 2 Vdc drop in each load lead and with more than 0.2 ohms
resistance in each sense lead. As the voltage drop in the load
leads increases, the load voltage error due to sense-lead
resistance increases according to the formula:

(2Rs +0.5} Vi

1000
where Rs is the resistance in ohms of each sense lead and VI
is the voltage drop in each load lead. For example, if the
resistance in each sense lead is 1 ohm and the voltage drop
in each load lead is 2 Vdc, the load voltage is about i2{1)
+0.512/1000 = 1.25 mVdc less than with zero sense-lead
resistance,

3-45 The sensing leads are part of the supply’s program-
ming circuits, so they should be connected in such a way as
to make it unlikely that they might inadvertently become open
circuited. If the sense leads open during operation, the voltage
at the load may rise above its programmed value,

NOTE

The power supply includes protection resistors
which reduce the effect of open sense leads dur-
ing remote-sensing operation. If the +5 lead
opens, ‘the output voltage increases about 4%
and is sensed between the + OUT terminal and
the negative side of the load. If the —§& Jead
opens the output voltage increases about 1% and
is sensed between the positive side of the load
and — OUT. If both sense leads open, the out-
put volftage increases about 4.8% and is sensed

locally.
3-46 Mode Switches
3-47 Table 3-4 shows six switches on the rear panel that

configure the powar supply for digital programming (either HP-
1B or front-pane! RPG) or analog programming (resistance or
voltage). {Note that front panel programming is digital; the RPG

produces pulses that are monitored by the microprocessor,

which then raises or lowers the digital input to the DACs that
control the power supply output.) Table 3-4 shows the proper
swilch settings for each programming mode. When shipped
from the factory the switches are set for HP-1B/front-panel-

Table 3-4. Mode Switches

Programming Mode
fiods
Switches HPIB/RPE Voltage fesistancs
B6 ¢ ¢ 1
cv Bb 0 ¢ 0
Circuits B4 1 ¢ 0
B3 0 ¢ 1
cC B2 ¢ 0 0
Circuits B1 1 0 0

3-9

RPG programming, which is the normal operating mode for this
power supply. The two analog programming modes are
availabie for use in special circumstances.

3-48 Typically, only one programming mode is used for both
output parameters {voitage and current). However, the mode
switches allow voltage and current to be programmed in-
dependently. For example, voitage could be programmed
digitally, either via HP-IB or front panel, while current is
resistance programmed. Note that only one programming mode
can be used for each parameter at one time. (For example, it
is not permissible to supserimpose an analog programming
voltage on the digital programming signal. To do so could cause
programiming erross.}

349 HP-IB

3-50 Connections between the power supply and the MP-
|18 are made via the HP-1B connector on the rear panel. Figure
3-7 shows the signals at each of the HP-IB connector pins. The
HP-1B connectors table in Section 1 lists cables and cable ac-
cessories that are available from HP. The HP-IB connector uses
metric threads, which are colored black. Cables manufactured
prior to 1875 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),
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Figure 3-7. HP-IB Connector

351 An HP-IB system may be connecied together in any
configuration (star, linear or combination) as long as the
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following rules are followed:

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

2. The total length of all the cables used is no more than
two metres 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 allowed.)

NOTE

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

352 it is recommended that no more than three connec-
tor blocks be stacked together, as the resultant leverage can
exert excessive force on the mounting panels. Be certain that
all connectors are full seated and that the lock screws are firm-
ty finger tightenad, Do not use a screwdriver, The screwdriver
slots in the lock screws are provided for removal only.

3-83 Paragraph 3-75 provides information for operating the
power supply in an HP-1B system. The Tutorial Description of
the Hewlett-Packard interface Bus and other documents listed
in Section 1 provide additional information that may be helpful
when designing an HP-IB system.

354 Monitor Signals

355 Amplified and buffered voltage and current monitor
output signals are available at the rear-panel terminal strip.
These signals can be connected to remote meters to indicate
output voltage and current. The signals vary from 0 to b volts
to indicate a zero to fuli-scale output. Both monitor-output ter-
minals are referenced to the monitor-cormmon terminal. Cut-
put impedance of the monitor terminals is 10.2 k * 5%; a load
of 1 megohm will maintain 1% reading accuracy.

3-56

3-57 Protective circuits within the power supply may limit
or turn off the output in case of abnormal conditions. The cause
of the protective action can be determined by observing the
front pane! indicators (lights and meters).

358 Owereange. If an overrange condition exists (load tries
to draw rnore power than the supply can deliver), the OVER-
RANGE indicator turns on and both the CV and CC indicators
are off. The product of the VOLTS and AMPS displays will ex-
ceed the maximum output power of the supply.

Protective Circuits

359 Disabied. If the power supply output is disabled, either
by a command from HP-1B or by protective circuits within the
power supply, or by the INH line, the power supply output drops
1o zero and the DISABLED indicator turns on. Tha power supply
can be disabled by overvoltage, overtemperature, or foldback
{indicated by front-panel LED's), by low or high ac line {mains)
woltage, or externally via the Remote Inhibit {INH) line by
command from the contoller {see Paragraph 3-141},

3-60 Ovarvoltage. If the voltage across the power supply

316

output terminals rises above a preset level, possibly because
of a hardware malfunction, the overvoltage protection {OVP}
circuit will trip. H this occurs, the power supply will be
disabled and the OV indicator turned on, To reset the OVP cir-
cuit, first ensure that the condition that caused the overvoltage
is corrected. Then turn the power supply off and back on, or
reset OVP via the HP-1B,

3-81 Overtemperature. If the overtemperature protection
circuit trips, the power supply will be disabled and the OT in-
dicator turned on. The overtemperature circuit will reset
automatically and the power supply output will be restored when
the temperature drops sufficiently for safe operation,

382 AC Line Over/Under Voltage. i the ac line {mains)
input voltage increases or decreases beyond the range for safe
operation the power supply output will be disabled. The power
supply output will be restored whan the input voltage is within
range.

3-63 Foldback. f foldback protection is enabled
(FOLDBACK ENABLED LED on} and the power supply
switches to the prohibited mode (CV or CC), the power supply
output will be disabied and the FOLDBACK indicator turned
on. Press the FOLDBACK pushbutton switch 1o reset the
foldback protection circuit and restore the power supply out-
put. Unless the conditions {voltage setting, current setting, load
resistance) that caused foldback are changed, the circuit witl
trip again when the output is restored. Pressing the FOLDBACK
switch quickly a second time after resetting foldback will turn
off foldback protection if desired.

3-84 Error. i the power supply receives an invalid command
{syntax error, out of range}, efther focally or via HP-IB, the ER-
ROR indicator turns on. The power supply ignores the invalid
command and remains at previously set values. if the error was
an attempt to excead output limits using the front-panet OUT-
PUT ADJUST control {(RPG), ERROR will turn off one second
after RPG rotation stops.

3-66 LOCAL OPERATION

3-66 The power supply is configured for local operation
when the unit is turned on. Output voltage and current are both
set to zero, and the SUTPUT AJDUST knob is configured to
adjust output current {CURRENT indicator is on). Pressing the
QUTPUT ADJUST pushbutton switch alternately configures
the OUTPUT ADJUST knob to adjust output voltage and cur-
rent, as indicated by the VOLTAGE and CURRENT indicators.
Note that the GUTPUT ADJUST knob to adjust output voltage
the QUTPUT ADJUST knob will vary whichever output
parameter, voltage or current, is indicated by the VOLTAGE
and CURRENT indicators, even when the other parameter is
limiting the output.

3-67 By pressing the DISPLAY SETTINGS pushbution
switch the oparator can observe the setting {limits) of both out-
put parameters, rather than the actual output values, This allows
the operator to set the current limit when the power supply is
operating in CV mode, or set the voltage limit while in CC mods,
without the necessity of disconnecting or adjusting the load.
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3-68 When the power supply is under remote control (RMT
indicator on}, neither the VOLTAGE or CURRENT indicator is
on and the OUTPUT ADJUST knob has no effect.

3-88 Constant Voltage Operation

3-70 To set up the power supply for constant voltage

operation:

a. With power supply turned off, connect load to output
terminals.

Turn on power supply. Ensure that CURRENT indicator

is on, hold DISPLAY SETTINGS pushbution switch in,

and rotate QUTPUT ADJUST knob to set desired cur-
rent fimit.

. Press QUTPUT ADJUST switch once so that QUTPUT
ADJUST knob controls voltage, and adjust output
voltage to desired level.

. Hold in DISPLAY OVP pushbutton switch and set OVP
ADJUST potentiometer for desired OVP trip voltage.

. If foldback protection is desired, press FOLDBACK
pushbutton switch to enable this feature,

f. If aload change causes the current limit io be exceeded,
the power supply automatically crosses over to constant
current operation and the output voltage drops propor-
tionately. H foldback protection is enabled, mode
crossover causes the power supply output to be
disabled. In setting the current limit, make adequate
allowance for high current peaks that could cause un-
wanted mode crossover.

b,

3-71  Constant Current QOperation

372 To sat up the power supply for constant current

operation:

a. With power supply turned off, connect load to output
terminals.

Turn on power supply. Press QUTPUT ADJUST

pushbutton switch once so that VOLTAGE indicator turns

on, hold DISPLAY SETTINGS pushbutton switch in, and
rotate OUTPUT ADJUST knob to set desired voltage
limit.

. Press QUTPUT ADJUST switch once so that OUTPUT
ADJUST knob controls current, and adjust output cur-
rent 1o desired level.

. Hold in DISPLAY OVP pushbutton switch and set OVP

ADJUST potentiometer for desired OVF trip voltage. In

CC mode the voltage setting will fimit output voltage

under quiescent conditions, and the OVF circuit provides

added protection against hardware faults.

If foldback protection is desired, press FOLDBACK

pushbutton switch to enable this feature.

f. I a load change causes the voltage limit to be excesd-
ed, the power supply automatically crosses over to con-
stant voltage operation and the output current drops pro-
portionately. If foldback protection is enabled, mode
crossover causes the power supply output to be disabl-
ed. In setting the voltage limit, make adequate allowance
for voltage peaks that could cause unwanted mode
crossaover.

b.

3-73 Return to Local

3-74 If the power supply is under remote control {(RMT in-
dicator on) and local lockout has not been sent (see Paragraph
3-88}, pressing the LCL pushbutton switch will return the unit
to local (front panal} control, Holding the LCL switch in will
prevent the power supply from returning to remote control for
as long as the LCL switch is held in or until Jocal lockout is sent.

3-75 If the power supply has been disabled via HP-IB, or
remote inhibit (DISABLED indicator on), the LCL switch will
not restore the output. The oniy way to re-enable the supply
locally is to turn the LINE switch off and then back on. The
OUTPUT ADJUST controls continue to operate in local con-
trol even if the power supply is disabled.

NOTE

Once the soft limits have been set by the controller
via HP-1B, the OUTPUT ADJUST knob cannot ob-
tain an output above these limits. This condition
is true for both local and HP-IB controi,

378 HP-IB OPERATION
3-77 Interface Functions
3-78 The power supply implements the following HP-IB in-

terface functions, which are defined by IEEE standard 488:

SH1 {Source Handshake)
AH1 (Aceceptor Handshake)
T6 {Talker)

L4 (Listener)

SR1 {Service Request)

RL1 {Remote Local)

PP1 (Parailel Poll)

GC1T {Device Clean

DT1 {Device Trigger)

379 Muitiline Message Control Functions. The Acoep-
tor Handshake, Source Handshake, Listener, and Talker func-
tions are implementad by the interface circuits of the power
supply and the controller and require no action by the user. The
LSN or TLK indicators turn on when the power supply is ad-
dressed to listen or talk. (The talker function includes serial poll,
see paragraph 3-84.)

3-80 Bervice Request. Service request is 2 uniline message
that can be asserted by the power supply to interrupt the con-
troller. Service request can be generated by a power supply
fault condition. The operator defines which of sight power
supply conditions are defined as faults, Enabling or disabling
a condition from asserting service request does not affect the
condition within the power supply, nor does it affect the front-
panet status indicators. Paragraphs 3-168 through 3-178 pro-
vide instructions for unmasking service request capability.
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3-81 A service request can also be generated at power on
(PON), depending on the setting of the rear-panel PON SRQ
switch. Therefore, with PON SRQ enabled, if a momentary
powsr dropout causes the powesr supply memaory 1o lose its pro-
grammed values, PON alerts the operator that the power supply
has been initialized (see Paragraph 3-100}.

3-82 If the power supply fails self test at power on it will
not respond to serial poll or any other commands on HP-IB.
The user should include a time-out in his program after which
the controller will not wait for the power supply to respond.
i the time-out ocours, the power supply can be assumed to
be malfunctioning and should be removed for service.

3-83 The SRQ indicator turns on whenever the power sup-
ply is requesting service from the controller, and remains on
until the controlier conducts a serial poll. Berial poli resets the
SRQ bit and turns off the SRAQ indicator, regardless of whether
the fault that caused service request continues to exist.

3-84 Serial Poll, In a serial poll the controller polls each
device on the bus, one at a time. The power supply responds
by placing the contents of the eight-bit serial poll register on
the HP-IB data lines. Table 3-5 defines each of the bits in the
serial poll register and defines what causes each bit to be set
and reset. Bit positions 0 through 7 are placed on BIO lines 1
through 8. Note that the serial poll register represents only the

power supply connected to the HP-IB, not other power sup-
plies that may be slaved to the HP-IB connected unit,

3-85 Paraliz! Poll. Parallel polt allows the controller to
receive oneg bit of data from each of many or all instruments
on the bus at the same time. in Hewlett-Packard power sup-
plies this bit corresponds to bit 8, the RQS bit, of the serial poll
register. Because the controller can receive this bit from at least
eight instruments at one time, the controller can determine
quickly which of a number of instruments on the bus requssted
service. The controller can then query that instrument to deter-
mine the cause of the service request. Parallel poll does not
reset the service request bit in the power supply. The power
supply’s response to parallel poll can be configured remotely
from the controller, or it can be configured locally.

NOTE

IEEE-488 does not define what data an instru-
ment should put on the bus in response fo
parallsl poll. Many instruments, such as
Hewleit-Packard power supplies, indicate the
state of their ROS bit, but the operator should
not assume that all instrumenis on the bus
respond to paraliel poll with their RQS bit.

Table 3-5. Serial Poll Register

ERR Remote Programming Error
RDY Ready to Process Commands
PON Power On Reset

FAU Fault Condition

Bit Position - 7 G 5 4 3 2 1 ¢

Bit Weight 128 64 32 16 8 4 2 1

Condition - RQS ERR RDY - - PON FAU
RQS Reqguesting Service

RQS is set when power supply generates a service request, and is reset immediately after a serial poll is conducted.

ERR follows ERR bit in Status Register, which is set whenever power supply detects a remote programming error.
ERR is reset by ERR? query.

RBDY is set whenever power supply finishes processing a command, and is reset when power supply starts to process
a new command. Note that power supply input buffer can accept new commands via HP-IB even while unit is busy

processing previously received commands.

PON is set when ac input power is turned on and is reset by CLR command or Device Clear interface message. PON
is set in serial poll register regardless of whether PON SRQ is enabled by rear-panel switch.

FAU is set when any bit is set in Fault Register and is reset by FAULT? query.

312


https://www.manualsplus.com/

3-86 Unless configured remotely, the power supply
responds to a parallet poll with a 1" on one of the DIO lines
{if requesting service), as determined by the setting of its ad-
dress switches. Addresses § through 7 correspond to DO lines
1 through 8 (decimal weight 29 through 27), If the address swit-
ches are set to 8 or higher, the power supply will not
respond to a parallel poll uniess the unit is configured remote-
ly. The power supply can not return a "0’ to indicate it was
requesting service unless it has been configured remotely,

3-87 The power supply can be configured remotely to re-
spond 1o a p'éraliei poll with either a 1" or a "“0" on one of
the DIO lines Jf the unit is requesting service. Configuration
statements with a decimai value of 0 through 7 will configure
the unit 1o respond with a “0" on one of the DIO fines 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
power supply remotely, the address switches may be set to any
addrass from 0 through 30 without affecting the parallel poll
response. The capability to configure either a "0’ or “1”
response allows the user 10 AND or OR two or more instruments
on one DIO line.

388 Rernote/Local. The remote/local function allows the
power supply to operate in gither local {front panel) or remote
{via HP-IB} control. The user can send Local Lockout to the
power supply via HP-IB to disable the front-panel L.CL switch
only. With Local Lockout, the controller determines if the unit
operates in local or remots control; this enables the controllar
to prevent anyone else from returning the power supply to local
control.

3-89 Device Clear. Device Clear is implemented in the
power supply as Clear (see Paragraph 3-180). The difference
between Clear and Device Clear is that Device Clear can be an
unaddressed or addressed command. Device Clear is typically
used in systems 1o send all devices in the system to a known
state with a single command (which could be generated by a
“panic” button).

3-80 Device Trigger. Devics Trigger is implementsd in the
power supply as Trigger {see Paragraph 3-153). Fach device
that is to respond to Device Trigger must be addressed. Davice
Trigger is typically used in systems to synchronize the opera-
tion of & number of addressed devices.

381  HP-IB Address Selection

382 The five HP-1B address switches are located on the
rear pansl, The HP-I1B address is set in binary, with A1 the least
significart bit and AB the most significant bit, Figure 3-8 shows
the factory-set address of '5” (binary 00101). Any address from
00 to 30 decimal (00000 1o 11110 binary) is a valid HP-IB ad-
dress. The power supply will operate on whatever valid address
is set on the address switches. Address 31 will cause a seif-
test error.

393 The operator should be aware that some other In-
struments on the HP-IB may initialize at a particular address
although they can be programmed subsequently to respond to

a different address. If the system includes instruments with this
characteristic and they are programmed for addresses other than
their initialized address, 2 momentary input power dropout may
cause them to re-initialize their address. If another instrument,
such as the powsr supply, is hardware set to that address, the
system will not function properly. Therefore, the system pro-
grarn should be written to monitor any re-initialization. Any pro-
grammed data, such as addresses, that may have been lost will
then have t0 be reset.

A
I
T F 3
e |
Unit @
L P ON
SRQ@

Figure 3-8. HP-IB Address/PON SRQ Switches

3-94 Holding the LCL switch in for one second causes the
power supply's HP-1B address to be displayed on the front panel
until the switch is released or two seconds elapse.

3-95 The address switches are also used during
troubleshooting to select which self tests are run in test mode.
If the power supply has been serviced be certain to check the
HP-IB address switches.

3-96 Nate that the leftmost switch in the six-switch package
is not an HP-1B address switch. Be careful to use the rightmost
five switches for setting the HP-IB address. The following
paragraph provides instructions for setting the leftmost switch.

3-87 Power-On Service Reguest

3-98 The power supply can request service from the con-
troller when power s turned on. Power-on service request {(PON
SRQ) is enabled or disabled by the rear-pansl PON SRQ switch,
and cannot be controlled by cornmands via HP-1B. The service
request bit is reset by a serial poll, regardiess of whether set
by power-on or some other cause.

3-98 To enable power-on 1o request service, set the PON
SRQ switch to 17, as shown in Figure 3-8. If enabled, PON
SRQ will request service when the power supply is turned on
or any time a mormentary input power dropout causes the power
supply to re-inftialize.

3-13
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3100  Initial Conditions

3-101 The power supply initializes at power on pro-
grammed with the values listed in Table 3-6.

Table 3-6. Initial Conditions

Voltage 0 Volts

Current 0 Amps

OQUTPUT ADJUST adjusts CURRENT
control

OVP Trip Voltage determined by setting of OVP
ADJUST potentiometer

on front panel

Soft Voltage Limit 61.425 volts
Soft Current Limit 10.2375 amps
Delay 0.5 seconds
Foldback Protection off
Qutput on
Unmask none
Hold off
Store/Recall ail storage registers loaded
with initial conditions of unit
{output on/off is not stored}
3-102 Programming Syntax
3-103 The following paragraphs describe how to program

the power supply via the HP-IB, These instructions concern
device-dependent messages, such as setting output voltage.
Interface management messages, such as serial polf, have been
described previcusly under Paragraph 3-77, Interface Functions.

3-104 Table 3-7 lists each of the device-dependent com-
mands, the range of sach parameter sent to the power supply
or the response of the power supply to a query from the con-
trolier, and a brief description of each command. Also
included is the number of the paragraph in which sach com-
mand is described more Tully. If no unit is specified where ap-
propriate in data sent 1o the power supply, the power supply
selects 5.1, units {V A, s). Paragraphs 3-105 through 3-122 pro-
vide general rules that apply to all commands.

NOTE

Lower-case alpha characters sent to the power
supply are treated as upper-case alpha
characters.

3108 NMumbers S8ent to Power Supply. Numbers can be
sent to the power supply either with implicit or explicit decimal
point notation, and with or without a scale factor (scientific
notation}, allowing use with controllers having a wide variety
of outpui formats.

3-106 Numbers written in implicit point notation do not con-
tain a decimal point; for example, 123 for one hundred twenty
three. Numbers written in explicit point notation contain a
decimal point, such as 1.23,

3-14

3-107 In scientific notation the letter “E” stands for 10
raised 10", For example, 1.23E4 would be read as 1.23 times
10%, which equals 12,300,

3-108 Plus and minus signs are considered numeric
characters. All numeric data fislds may contain an optional plus
or minus sign on both the number itself and the scale factor,
such as + 1.23k-2.

3-108 All numeric data fields may contain leading spaces,
and embedded spaces will be accepied between optional signs
and digits, digits and E, decimal point and E, and E and op-
tional sign. The following two examples contain one em-
bedded space in each position in which they are allowed:

+ 1.23E + 4 + 123.E + 4

Embedded spaces will not be accepted between digits or be-
tween digits and decimal point.

3-110 At least one digit must precede E. For example, 1E
+4 is correct, £ +4 is incorrect. Lower case e is treated the
same as upper case k.

3119 Numbers Returned To Controlier. The format of
numbers returned to the controller depends upon the type of
data requested, and is given in Table 3-8.

3-112 Leading zerues are sent as spaces, except that the
first digit to the left of a decimal point is never sent as a space.

3-113 All numeric data sent to the controller are preceded
by a header consisting of alpha characters that identify the
type of data, such as VOUT or ISET. The header consists of
upper case characters only, with no embedded spaces. No suf-
fixes are attached to numeric data.

3114 Separators For Data Sent To Power Supply.
Separators are used by the power supply to bresk up commands
into pieces, called tokens, which it can interpret, Separation
of commands into tokens is accomplished either explicitly by
the inseriion of separator characters or implicitly by noting a
change from one c¢lass of input to another.

3-115 The explicit separators are commas and spaces. An
axplicit separator is required between tokens consisting of alpha
characters. For exampie, SRQ ON is correct, SROON is not
correct. Commas are usad only 1o separate parametars in com-
mands containing more than one parameter. UNMASK is the
only command for which more than one parameter may be sent.
Only one comma is allowsd, and it may be preceded or follow-
ed by any number of spaces. For example, both these com-
mands are correct:

UNMASK CC,OR,FOLD

UNMASK CC, OR, FOLD
but this command is incorrect;

UNMASK CC OR FOLD

Spaces are used in all ather cases requiring explicit separators.
Arny number of consecutive spaces is treated as one space.
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Table 3-7. HP-I1B Commands

*Hange
or
**Response
Command to Query Description Paragraph
VSET x *0-61.425 V Any of these commands is used to 3-123—3-124
VSET xV program output voltage.
initial Condition: 0 V
VSET xMV *0—61425 MV
ISET % *0—10.2375A Any of these commands is used to 3-127-3-128
ISET xA program output current.
Initial Condition: 0 A
ISET xMA *0— 10237 .5MA
VSET? FAVEET XX XXX Used to read voltage and current 3-126, 3-129
ISET? **SET xx.xxx settings.
VOUT? EEVOUT xx. XXX Used to measure and read output 3-126, 3-130
10uUT? FHOQUT sxxxx voltage or current.
OVP? **OVP xx.xx Causes power supply to measure OVP 313
setting {which is hardware set at front
panel}.
VMAX x *0—61.425V Any of these commands is used to 3-132, 3133
VMAX xV program an upper limit (soft limit}
on the voltage programming value that
VMAX xivv *0—61425MV the power supply will accept.
Initial Condition: 61.425V
IMAX x *0w 10.2375A, Any of these commands is used to 3-132, 3-133
IMAX xA program an upper imit {soft limit)
on the current programming value
IMAX xMA *0—10237.5MA, that the power supply will accept.
Initial Condition: 10.2375A
VMAX? FFVIMAX XX XXX Used to read voltage and current 3-134
IMAX? **IMAX 200 xxx limits {soft fimits).
DLY x *0—31.999S Any of these commands is used to program 3-135—3-138
DLY x8 the defay time after a new output voltage or
N current is implementad, or RST or OUT ON
DLY xMS 0--31999M5 command is received. During delay time
power supply disables CV, CC, and OR
conditions from being labeled as faults, and
disables foldback protection.
initial Condition: 0.5 s
DLY? *2DLY xx.xxx Used to read delay time setting. 3-139
QUT OfFF Enables or disables power supply 3-141-3-143
ouT o output. Power supply remains able to imple-
ment commands even while cutput is
disabled.
OUT ON Initial Condition: OUT ON
QuUT 1

3-15
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Table 3-7. HP-IB Commands (continued)

Command

*Range
or
**Response

to Query Description

Paragraph

ouT?

*OUT 0 or
**0OUT 1

Used to read QUTPUT ON/OFF setting.

3-144

"FOLD OFF
_[FOLD 0

CEOLD CV
LFOLD 1

(FOLD CC
|FOLD 2

Enables or disables foldback protection,
which will disable power supply cutput
if power supply switches to whichever

mode, CV or £C, is defined as the fold
{error} condition. Foldback protection is
inhibited during DELAY period.

Initial Condition: FOLD OFF.

3-1456—-3-147

FOLD?

**FOLD O or
**EOLD 1 or
**FOLD 2

Used to read FOLDBACK setting.

3-148

RST

Used to reset power supply £ output
is disabled by overvoltage, remote in-
hibit, or foldback protection circuits.,
Power supply resets to present voltage
and current settings (values can be
changed while unit is disabled).

3-149-—-3-150

HOLD OFF
HOLD 0

HOLD ON
HOLD 1

Determine if certain newly received
commands are implemented by power
supply upon receipt or are held for later
implementation while power supply
continues to operate with previously
received values. HOLD ON can be used to
synchronize power supply changes with
actions taken by other devices on the
HP-iB. See TRG command.

Initial Condition: HOLD OFF

3-151-3-158

HOLD?

**HOLD 0 or
**HOLD 1

Used to read HOLD setting.

3-154

T
TRG

Used to implement commands that

have been sent to and held by the

power supply (power supply continues to
operate with previous values until trigger
command is received}. See HOLD com-
mand. The device trigger interface message
performs the same function.

3-155

STO x
RCL x

*0—15 Cause power supply to store and

recall up to 16 sets of the complete machine
state except for output on/off. Machine
state consists of: programmed voltage {first
and second rank), programmed current {first
and second rankj, soft voltage limit, soft
current fimit, delay time, service request
on/off, foldback (first and second rank},
mask {first and second rank}, and hold.
initial Condition: Each storage register is in-
itialized to the turn-on values,

3-158—-3-160

3-16
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Table 3-7. HP-IB Commands {continued)

Command

*Range
or
*fesponse

to Query Description

Paragraph

STS?

**ETS ox Used to read the contents of the

status register, which maintains the present
status of the power supply. See Table 3-8
for a description of each bit in the status
register, and the bit weight for each
condition.

© 3-161-3-184

ASTS?

*EASTS sox Used to read the contents of the
accumulated-status register, which stores
any bit that was entered in the status
register since the accumulated-status
register was last read, regardless of whether
the condition still exists. The bit descriptions
and weights are the same as in the status
register, see Table 3-9.

3-166—3-167

[

UNMASK maemonics

UNMASK xxx

Determines which conditions are

capable of setting bits in the FAULT
register; therefore, allows operator to define
which conditions are fault conditions. Condi-
tions can be enabled either by sending a
string of mnemonics after the command
UNMASK, or by sending the decimal
equivalent of the total bit weight for all con-
ditions to be enabled. The mnemonics and
bit weights are the same as in the status
register, see Table 3-8, Mnemonics are
separated from each other by commas, and
may be sent in any combination and in any
order. The command UNMASK NONE
disables all conditions from setting bits in
fault register.

Initial Condition: UNMASK NONE

3-168—3-172

UNMASK?

FHUNMASK xxx Used to read which bits in the status
register have been enabled to set bits in the
fault register {i.e.,which power supply condi-
tions are defined as faults). xxx is decoded
using bit weights in Table 3-9.

3-173

FAULTY

*HFAULT xxx Used to read which bits have been set

in the fault register. A bit is set in the fault
register when the corresponding bit in the
status register changes from inactive to ac-
tive AND the corresponding bit in the mask
register is set. Bits in the fault register are
reset only after the fault register is read. xxx
is decoded using bit weights in Table 3-9.

3-174—-3-178

E
5

RQ OFF
RQO

RC ON
HQ 1

Enable or disable power supply's

ability to reguest service from the controller
for fault conditions. UNMASK command
defines which power supply conditions
SRQ are defined as faults.

Initial Condition: SRQ OFF

3-176—3-177

3-17
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Table 3-7. HP-IB Commands (continuad)

*Range
or
**Response
Command to Query Description Paragraph
SRQ? **SRA 0 or Used to read SRQ setting. 3-178
SRQ 1

CLR Used to initialize power supply to 3-180—3-182
power-on state; also resets the PON bit in
the serial poll register. The device clear in-
terface message performs the same
function.

ERR? *ERR xx Used to determine type of programming 3-183--3-185
error detected by power supply. A remote
programming error will set the ERR bit in
the status register, which can be enabled by
UNMASK to request service. See Table 3-10
for descriptions of error codes.

TEST? **TEST xx Causes power supply to run self 3-186--3-192
tests and report any failures. Type of tests
run depends on whether power supply out-
put is on or off,

iD? **HPEO3BA or Causes power supply to report its model

**HPB038A, OPT 100 number and any options that affect the

unit’s putput capabifity,

ROM? **ROM xxxx Causes power supply to report the date
coda of HP-1B ROM.

[Bracketed commands are equivalent,

x = any digit (within range}

MV = millivolt

MA = milliamp

MS = millisecond

** Query causes power supply to clear output buffer, gather requested data, and store it in output buffer. Data will

be put on HP-IB when power supply is addressed to talk and ATN goes false. Only most recently requested

data is stored, and it is not saved after being put on HP-IB,

3-116 Implicit separation occurs when the received 3-118 Line feed is sent by all HP controllers automatically

characters change from upper or lower case alpha {A...Z, a...2}
to numeric {+, —,0...9). Spaces may also be used where im-
plicit separation takes places. For exampig, both the following
commands are correct:

VSET B V VSETEV

The question mark is implicitly separated from alpha characters,
for example:

VMAX?

are both correct.

VMAX ?

3117 Terminators for Data Sent to Power Supply. Ter-
minators mark the end of a command string, and they instruct
the power supply that the command it has just received should
be exscuted. The terminator characters are the line feed and
sernicolon.

after wrt or OUTPUT statements unless deliberately
suppressed, so the user need not include a terminator when
onhly one command is sent per fine. If the user wishes to send
more than ong command per line the commands must be
separated by semicolons.

3-119 Any number of consecutive terminators is treated as
one. A terminator may be preceded or followed by any number
of spaces, for example:

VOUT 15V;I0UT 5A
VOUT 15V ; IGUT BA

are both correct.

3-120 The carriage return character by itself is not sufficient
10 terminate a command, but it will be accepted without error
in all cases where a terminator or separator is expected.
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Table 3-8. Format of Numbers Sent from Power Supply

For these query commands:

VSET? ISET? DLY?
VOUT? HouUT?
VMAX? IMAX?

the respanse consists of a header followed by a space*® followed by 5 decimal digits with an embedded decimal point, in this format;

< header > < space >d.dddd
to
< header >space > dddd.d

The header consists of the query alpha characters without the guestion mark. Leading zeroes are sent as spaces,
except that the first digit to the left of the decimal point is never sent as a space.

*A minus sign can be sent instead of a space for VOUT, IQUT, and QVP.

For these query commands:

5TS? FAULT?
ASTS? ERR?
UNMASK? TEST?

the response consists of a header followed by a space followed by three decimal digits with an implicit decimal point, in this format;
< header > < space >ddd

The header consists of the query alpha characters without the question mark. Leading zeroes are sent as spaces.

For these query commands:

FOLD? HOLD?
ouT? SRQO?

the response consists of a header followed by a space followed by a single digit, in this format:
< header >space >d

The header consists of the query alpha characters without the question mark,

3121 Cormmand may also be terminated by asserting EQI 3124 The programmed voltage is the actual output if the
on the HP-IB concurrently with the last character of the com- power supply is in CV mode, or the voltage limit if the power
mand. For example: supply is in CC mode.
VSET 1.
SET 1 2; 3-125 The voltage setting may be read by sending:
4] VSET?

requires no semicolon or linefeed. Asserting £OQ! in conjunc-
tion with a terminator will have no adverse effect. 3.126 The power supply can be instructed to measure its
actual output voltage by sending:

and addressing the power supply to talk.

3922 Termination for Data Sent to Controller. All data

returned to the controller are terminated by a carriage return vouT?
character followed immediately by a linefeed character. EQl is The results are placed on the HP-IB when the power supply
asserted concurrently with linefeed. is addressed 10 talk, in this format (using 20 as an sxample):
3123 Voltage Setting. Voltage is programmed in either VOUT 20.000
volts or millivolts using any of the following codes {the value
5 is used as an example): NOTE
VSET 5 The programming resolution (L SB) for the VSET
VSET 5 V and ISET commands are 15 mV and 2.5 mA respec-
tively. The power supply will round off settings
VSET & MV received to the nearest multiple of these values.

3-19
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3-127 Current Setting. Current is programmed in either
amps or milliamps using any of the following codes {the value
10 is used as an example}:

ISET 10
1SET 10A
ISET 10MA

3-128 The programmed current is the actual output if the
power supply is in €C modse, or the current limit if the power
supply is in CV mode.

3-129 The current setting may be read by sending:

ISET?
and addressing the power supply to talk.

3-130 The power supply can be instructed to measure its
actual output current by sending:

1oUT?

The results are placed on the HP-IB when the power supply
is addressed to talk, in this format {using 10 as an examplel:

1GUT 10.000

3131 OVP Measurement. GVP trip voltage is hardware
set at the power supply front panel. The power supply can be
instructed to measure the OVP trip voltage by sending:

OvP?

The resuits are placed on the HP-1B when the power supply
is addressed to talk, in this format (using 80 as an exampleh:

OvP 80.000

3132 Soft Limits. The power supply can be sent soft limit
values that place maximum limits on the voltage and current
programming values that will be accepted. If the power supply
receives a programming value that exceeds the soft imit, it will
ignore the command, turn on the ERROR indicator, and set
the ERR bits in the status register and in the serial poli register.
The power supply will not accept soft limit values that are lower
than present output values or values that are being held. The
largest soft limit values which can be sent are 61,425 V and
10.2375 A. These values also define the initial condition.

3-133 Soft limits are programmed using any of the follow-
ing codes (the values 15 and 10 are used as examples):
VMAX 15 IMAX 10
VMAX 15V IMAX 10A
VMAX 15MV IMAX 10MA

3134 The soft limits may be read by sending:

VMAX? IMAX?

and addressing the power supply to talk. The response from
the power supply is in this format (using 15 and 10 as examples:

VMAX 15.000 IMAX 10.000

3-135 Delay. The power supply output may switch modes

3-20

or be unregulated momentarily after a new output value is pro-
grammed or the output is reset from zero. In most cases this
temporary condition would not be considered a fault, and
foldback or a service request would be a nuisance. Delay
operates to mask CV, CC, and OR conditions from the fault
register for a specific period after a new output value is pro-
grammed. The delay is initiated after the following commands:

OUT ON
RST
T. TRG, or Device Trigger
VSET OR ISET i hold is off

3-136 The power supply initializes with a delay of 6.6
seconds, which is appropriate in most cases, In some cases
a longer or shorter delay may be required. For example, when
up-programming output voltage with a very low current fimit,
CC mode may persist longer than 0.5 seconds.

3-137 Factors that influence how iong the mode change or
unregulated condition may last include: difference between old
output value and new output value, current or voltage limit,
and output (load) capacitance {for CV mode) or output induc-
tance {for CC mode). The delay required must be determined
empirically; the programming-response times in the specifica-
tions table, Section i, can be used as guidelines.

3-138 Delay can be programmed in 1 ms increments using
either of the following codes (31999 used as an example):

DLY 31.899S5
DLY 31999MS

3-139 Delay value may be read by sending:

DLY?

and addressing the power supply to talk. The response from
the power supply is in this format {using 0.5 as an example):

bLY 0.500

3-140 Note that during the delay period CV and CC are
masked from the foldback protection feature also. Delay does
not affect the setting of the CV, CC, or OR bits in the status
register or astatus register; delay affects only the setting of those
bits in the fault register. Delay does not affect conditions other
than CV, CC, or OR that may cause service request, nor will
delay affect CV, CC, or OR if they occur at any time other than
after a programmed ouiput change.

3141 QOutput On/Cff. The power supply output can be
turned on and off using these commands:

OUT OFF or QUT 0
QUT ON or OUT 1

3-142 QOUT OFF does not affect the voltage and current set-
tings. OUT ON enables the power supply and returns the out-
put to the present voltage and current settings, which can be
changed while the output is off. OUT ON will not reset OVP,
foldback protection, remote inhibit {INH) or fault line.
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3-143 Qutput on/off is particularly useful when storing
values for later recall. {Note that cutput on/off is the only pro-
grammable state that is not stored.} With the output off, the
user can set up and store as many as 16 versions of the com-
plete machine state without having the output change to a par-
ticular set of values untii that setup is required.

3-144 The state of the output on/off function may be read
by sending;

QUT ?

and addressing the power supply to talk. The response from
the power supply is in this format:

OUT G or OUT 1

in which 0 indicates that the power supply output is off, and
1 indicates it is on.

3-145 Foldback Protection. As described in Paragraph
3-35, foldback protection can be enabled to turn off the power
supply output if the power supply switches from the protected
operating mode {either CV or CC) to the other mode. If the
power supply changes 1o the specified mode, the ouiput will
be turned off and the DISABLED and FOLDBACK indicators
will turn on. To prevent nuisance tripping while the output is
being reprogrammed, foldback protection is inhibited during
the delay period.

3-146 Foidback protection is programmed using these
codes:

FOLD OFF or FOLD 0

FOLD CV or FOLD 1

FOLD CC or FOLD 2
3147 FOLD CV means that the power supply should be

operating in CC Mode, and foidback protection will turn off the
output if the power supply switches to CV mode. FOLD CC
means that foldback occurs if the power supply switches to
CC mode.

3-148 The state of the foldback protection function may be
read by sending:
FOLD?

and addressing the power supply to talk. The response from
the power supply is in this format:

FOLD 0 or FOLD1 or FOLD2
in which (0 indicates that foldback protection is off, 1 indicates
that foldback protection will trip if the power supply switches
to CV mode, and 2 indicates that foldback protection will trip
if the power supply switches to CC mode.

3-149 Reset. Reset restores the power supply output if it
has been disabled by QVP, foldback, or remote inhibit. The out-
put returns to the present voltage and current settings; the
values may be changed while the output is disabled. The power
supply is reset with the command:

RST

3-160 Note that if the condition which caused QVP,
foldback, or remote inhibit remains, the power supply output
will be disabled again after reset. If the power supply output
is disabled repeatedly, check that the OVP setting and delay
time are appropriate for the applicaion.

3-21

3-157% Hold and Trigger. The power supply contains first-
rank and second-rank storage registers for values of voitage
setting, current setting, foldback, and mask. The operating
values are stored in the second rank, but the first rank can
receive and hold different values for iater impiementation. With
hold turned on, values in first rank are moved to second rank
only upon receipt of a trigger or device trigger command,

3-152 This feature allows synchronization of multiple in-
struments on the HP-IB, and also ensures that new values are
implemented at the same time within a single instrument. With
hold turned off, values are loaded into both first and second
rank when received.

3-153 Hold is turned on and off using these codes:
HOLD OFF or HOLD 0
HOLD ON or HOLD 1
3-154 The state of the hold on/off function may be read
by sending:

HOLD?

and addressing the power supply to talk. The response from
the power supply is in this format:

HOLD 0 or HOLD 1

in which 0 indicates that hold is turned off, and 1 indicates that
hold is turned on.

3-185 Values that are held in first rank can be shifted to sec~
ond rank {operating values) using either of these commands:

TRGor T
The device trigger interface command will alsc shift data from
first rank to second rank.

3-156 Voltage and current values are compared 1o soft limits
before being loaded into either first or second rank, and new
soft limits are compared to values already programmed in both
first and second rank. Any discrepancy between first and sec-
ond rank voltage or current settings and voltage or current soft
fimits will result in an error condition.

3-157 The power supply has been designed to allow it to
enforce sequential device command processing, which means
that a second instrument on the HP-1B will not begin to receive
commands until the power supply has finished processing its
commands. The power supply can accept data much faster than
it can process data. Therefore, if a second instrument bad less
data to process than the first had, the second instrument could
start changing its output before the first instrument output
started changing, even though the first instrument may have
accepted all of its data before the second instrument began to
receive its data. When using device trigger (an HP-IB interface
function}, the HP-IB interface circuit in the power supply will
not finish the handshake of the GET message (Group Execute
Triggert until ali commands have been processed and the trig-
ger action has been completed. The controller cannot send com-
mands to a second instrument until the handshake is completed
with the first. Therefore, sending device trigger after sending
a command assures that the second instrument cannot begin
to receive commands until the first instrument has processed
its commands,
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3-158 For example, assume the following commands are
sent to four power supplies assigned to addresses called PS1,
PS2, PS3, and PS4
OUTPUT PS1; “HOLD ON; ISET 10A”
QUTPUT PS2; “HOLD ON; ISET 1A”
TRIGGER PS1
TRIGGER P82
QUTPUT PS3; “HOLD OFF; ISET BA”
TRIGGER PS3
OUTPUT PS4; "HOLD OFF; ISET BA”

Power supply 2 will start to change only after power supply 1
has started to change, and power supply 4 will start to change
only after power supply 3 has started to change. Nate that this
feature concerns only the processing of the HP-1B command,
the time required for the power supplies to settle at their new
values depends on the load and on‘the direction and amount
of change.

3159 Store/Recall. The power supply can store up to 16
complete power supply states except for output on/off, This
allows the operator to preset frequently used values, which can
then be recalled when needed with a single command. Preset
values are stored and recalled using these codes {3 and 17 us-
ed as examples}):

§T0 3

RCL 11

3-160 Sending a store command causes a *‘snapshot” of
the present machine state to be stored, The power supply can
then be programmed with new values. Note that only those
values to be changed need be reprogrammed. For example, if
the following command strings were sent in listed order to the
power supply, the string stored in register 1 would include a
current setting of 2A and CC foldback in addition to a voktage
setting of 8Y. The string stored in register 2 would include a
voltage setting of 8V in addition to a current setting of 10A and
CV foldback. Note that the power supply output would not
change while the three preset states were being stored because
the output was turned off. The store/recall designators need
not be assigned in consecutive order, but they must be in the
range of 0 1o 15.

OUT OFF

VSET 5V; ISET 2A; FOLD CC; STO O

VSET 8v; §T0 1

ISET 10A; FOLD CV,; STC 2

3161 Status Register. The power supply maintains a 9
bit status register that reflects the present state of the unit. Each
of the nine bits represents a separate condition; when the con-
dition is true the corresponding bit is 1. Bits are assigned as
shown in Table 3-9.

3-162 The status register can be read by sending:

STS?

and addressing the power supply to talk. The response from
the power supply is in this format:

STS xux

where xxx is a string of ASCII decimal digits. These digits
specify an integer which is equal to the sum of the bit weights
of the true conditions.

3163 For example, if bits for both ERR (128) and CC (2}
are set, the power supply would send ASCI! digits 130 {128
+2 = 130).

3-164 Bits remain set in the status register as iong as the
corresponding conditions are true.

Table 3-9, Status Register

Bit Position 8 7 6 514,321,090
Bit Weight |[256) 128 64 (32{16 8| 4 | 2| 1
Condition Rl |ERRIFOLD |AC| OT| OV OR | CC | CV
cv Constant Voltage Mode
cC Constant Current Mode
OR Overage
ov Overvoltage Protection Circuit Tripped
Ot Overtemperature Protection Circuit
Tripped
AC AC Line Dropout or Qut of Range
FOLD Foldback Protection Circuit Tripped
ERR Remote Programming Error
Rl Remote Inhibit {INH)
3-165 Accumulated Status Register. Reading the status

register provides the controller only the state of the power sup-
ply at the time STS? was received. A condition that lasts only
momentarily may not be observed even with frequent poliing
of the status register. To ensure that a temporary change can
be noted by the controller, the power supply maintains an ac-
cumulated status (astatus) register. Table 3-9 describes the
astatus register as well as the status register. A bit in the astatus
register will be 1 if the corresponding bit in the status register
has been 1 at any time since the astatus register was last read.

3-166 The astatus register can be read by sending:

ASTS?

and addressing the power supply to talk. The response from
the power supply is in this format:

ASTS xxx

where o0 is decoded the same way as in the status register
readback.

3-167 The astatus register is reset to the present value of
the status register immediately after it is read by the ASTS?

query.

3-168 Mask and Fault Registers, The power supply has
two additional registers, the mask register and the fault register,
both of which are arranged like the status register {Table 3-9).
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The mask register is maintained by the user, and Is used to
specify which bits in the status register are enabled {un-
masked} to set bits in the fault register. A bit is set in the fault
register when the corresponding bit in the status register
changes from 0 to 1 and the corresponding bit in the mask
register is 1. Whenever any bit is set in the fauli register the
FAU bit is set in the serial poll register.

3-169 Note that bits can be set in the fault register only when
there is a change in either the status register or the mask
register. Therefore, if a bit is set in the mask register (unmask-
ed; after the corresponding condition becornes true in the status
register, the associated bit will also be set in the fault register.

3-170 Bits may be set in the mask register {conditions un-
rmasked} In either of two ways. The UNMASK command may
be followed by mnemonics which specify which conditions are
unmasked {enabled 1o set bits in the fault register}, or the UN-
MASK command may be followed by a decimal number that
is the sum of the weights of the bits to be set. The mnemonics
and bit weights are the same as in Table 3-9. The mnemonic
NONE or decimal number O will clear all bits in the mask register.

3171 Bits are set in the mask register with either of the
following codes (ERR/128, OR/4, and CC/2 used as examples):

UNMASK CC, OR, ERR
or

UNMASK 134

3-172 Mnemonics may be sent in any order, and they must
be separated by commas. Note that the mask register does not
affect the status register, it simply determines which bits in the
status register can set bits in the fault register.

3-173 The mask register may be read by sending:

UNMASK?
and addressing the power supply to talk. The response from

the power supply will be in this format (using 134 as an
example):

UNMASK 134

3-174 The fault register may be read by sending:

FAULT?
and addressing the power supply to talk. The response from

the power supply will be in this fqrmat {using 134 as an
example):

FAULT 134

3-175 The fault register is cleared immediately after it is read
by the FAULT? query.

3176 Service Request. In some applications it may be
desirable to interrupt the controller when a power supply fault

3-23

condition occurs. The power supply interrupts the controller
by asserting the service request (SRQ) line on the HP-IB. The
ability to generate service requests for fault conditions can be
turned on and off using the following commands:

SRQ OFF or SRQ O

SRQ ON or SRQ 1

3177 The service request function allows use of either poll-
ing or interrupt programming. With SRQ on, the SRQ line will
be asserted true whenever the FAU bit in the serial poll register
changes from 0 to 1. Therefore, the mask register, in addition
to specifying which conditions set the FAU bit, also determines
which conditions can generate service requests. Use of the
FAULT? query will tell the user which condition caused the ser-
vice request (except for PON).

3-178 The state of the service request on/off function may
be read by sending:

SRQ?

and addressing the power supply to talk. The response from
the power supply is in this format;

SRQ 0 or SRQ 1

in which 0 indicates that service request capability is disabled,
and 1 indicates it is enabled.

3-179 MNote that service request capability for power on is
controlled by the rear-panel PON SRQ switch, the setting of
which will not be indicated in response to an SRQ? query.

3-180 Clear. The power supply ¢an be returned 1o its
power-on state with the command;

CLR

or by sending a device clear interface command. Clear is typical-
Iy used to inftialize the power supply to a known state at the
beginning of a program. Clear also resets the PON bit in the
serial poll register.

3181 The clear command does not complete untl the
power supply control circuits have had time to settle. This
prevents perturbations on the power supply output, regardiess
of the state before the clear command was sent, The clear com-
mand takes about 500 ms to execute.

3182 Note that stored preset states {as many as 16) are
not changed by the clear command.

3-183 Error. When the power supply detects a remote pro-
gramming error it sets the ERR bit in the status register, which
can be unmasked 1o request service, and it turns on the front-
panel ERROR indicator. Programming errors are usually the
result of misspelled words or forgotten separators. When the
power supply detects a programming error it dumps whatever
portion of the command it has received and ignores all further
characters until a terminator is received.
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3-184
sending:

The type of error detected can be determined by

ERR?

and addressing the power supply to talk. The response from
the power supply is in this format:

ERR x

where x is a decimal digit from 0 to 8.

3-185 Table 3-10 lists the error codes with descriptions
of each.
3-188 Test. The power supply runs a series of self tests

when it is turned on, and selected tests can be run for
troubleshooting {see Section V). Either of two subsets of the
self tests can be run by command from the controller. SeHf tests
can be invoked via the HP-IB by sending the command:

TEST?

3-187 The type of self tests performed depends on whether
the power supply output is turned on or off. See Section V for
a description of each of the self tests.

3-188 If the power supply output is disabled (QUT OFF com-
mand has been sent), the following tests are performed:

RAM Test #2

ROM Test
Real-Time Clock Test
Serializer Test

P31 Digital /0 Test
PSI DAC/ADC Test

3-189 If the power supply output is enabled {output is on),
only these tests are performed:

RAM Test #2

ROM Test

Real-Time Clock Test
Serializer Test

3-180 When the power supply is addressed to talk after
TEST? has been received, it responds in this format:

TEST x

- where x Is a decimal number from 0 to 22. See Section V for

@ listing of test-failure codes. TEST 0 indicates that all tests
passed.

3-191 The test command does not complete until the power
supply control circuits have had time 1o settie. This prevents
perturbations on the power supply output. The test command
takes about 500 ms to execute.

Table 3-10. Error Codes

Error §

Description

No Errors

Note that soft limit errors are error 6,

1 Unrecognized Character — A character Jike | * ¥ was received.

Improper Number — A numeric character {+ —. 0...8) was received but the following characters did not
represent a proper number. For example, + —5V or .V or + V. Examples of errors that are not error 2 are:
E+04 is error 3 because E is not a numeric character and is not used in any command; 12. 34E-01 is error
4 because it is treated as 12 followed by 3.4, and no commands have two numbers separated by spaces.

Unrecognized String — A string of consecutive alpha characters that could not be found in the table of
command words was received. Cause could be a spelling error or missing separator. For example, OUTON
would be seen as one word, and would be an error.

Syntax Error — A word, number, terminator, or separator was incorrectly placed. For example, ON QUT
UNMASK, CC, or VOUT 8 V IQOUT BA. A syntax error will also result if more than the maximum number
of parameters are specified in the UNMASK mnemonic-form command.

Mumber Out Of Range — A number was received that is too large for the command with which it was
received, for example, VOUT BE + 5, RCL 200, or DLY 100S. Any negative number will also cause error 5.

Attempt To Exceed Soft Limits — An attempt was made to program a voltage or current greater than
the soft limit, for example, VMAX 10 V; VSET 11 V. Note that if the programmed voltage or current is greater
than the maximum rating of the supply, error 5 will result,

Improper Soft Limit — An attempt was made to program a soft limit less than the associated output value
in either first or second rank. Note that if an attempt is made 1o program a soft limit greater than the max-
imum soft limit of the power supply, error 5 will result.

Data Requested Without A Query Being Sent — A query command, for example VOUT?, instructs the
power supply to ready data for transmission to the controller. A guery command must precede each request
for data by the controller. If the controlier requests data from the power supply {with an ENTER or red state-
ment} without first having sent a query, error 8 will result. '

3-24
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3182 Note that the test command in no way changes the
programmed state or the output of the power supply.

CAUTION !

The TEST? command software contains a bug
which can affect overvoltage protection. If TEST?
is sent with OUT OFF {output disabled), over
voltage protection will be disabled until the power
supply receives an RST or CLR command or ac
power is eycled off and back on. To restore over-
voltage protection after TEST? command, be cer-
tain to send an RST or CLA command before sen-
ding the OUT ON command. RST is recommend-
ed, because CLR will reset all powsr supply
parameters to the power-on state; RST resets on-
ly OVF.

Note that if OVP s tripped, RST or CLR will reset
the OVIP circuit in addition to restoring overvoftage
protection.

Overvoltage protection is not affected if the power
supply output has not been disabled for selff test
fi.e., if OUT OFF command is not send with
TEST?).

3193 Model ldentification. The power supply model
number can be determined from the controller by sending the
command:

iD?

and addressing the power supply to talk. The response from
the power supply will be either:

1D HPBO38A
or
ID HPB038A, OPT100

with the option 100 identification indicating that the power sup-
ply has a reduced output-power capability.

3194 ANALOG PROGRAMMING

3-195 The output voltage and/or current of the power sup-
ply can remotely programmed by an external resistance or
voltage. The power supply is configured for analog program-
ming with rear-panel slide switches; the analog programming
signais are connected 1o rear-panel screw-on terminais.

3-196 For resistance programming, internal CV and CC cur-
rent sources supply 1.5 mA currents through the program-
ming resistors to create programming voltages for the powsr
supply. Resistances of 0 to 4 kilohms program the output from
0 to full scale. A varlable resistor can control the output over
its entire range. Or, a variable resistor connected in series and/or
parallel with & fixed resistor can have its control restricted to
a limited portion of the output range. Alternatively, a switch
can be used to select fixed values of programming resistance
to obtain a set of discrete voltages or currents.

3-25

NOTE

The switching configuration used may require
make-before-break contacts to avoid producing
the output voltage transients caused by momen-
tarily opening the programming terminals.

3-197 To maintain the temperature and stability specifica-
tions of the power supply, any resistors used for programming
must be stable, low-noise resistors with a temperature coeffi-
cient of less than 25ppm per °C and a power rating of at least %
watt.

3-198 Both voltage and current outputs can also be con-
trolled by a voltage source. A voltage of 0 to 5 volts programs
the output from zero to full scale. Voltage sources of more than
5 volts can be scaled down to the proper range.

3-189 Setting the power supply for analog programming of
voltage and/or current disables digital programming tfront-panel
or HP-IB) for that parameter,

3-200 The following paragraphs discuss in greater detail the
methods of remotely programming the output voltage or
current using either a resistance or voltage input. Whichever
method is used, the wires connecting the programming device
must be shielded to reduce noise pickup. The outer shield of
the cable should not be used as a conductor, and should be
connected to ground at one end only,

3-201 Refer to Table 3-4 for mode-switch settings for
voltage or resistance programming.

3-262 Although the following setup drawings (Figure 3-9
through 3-13} show the supply strapped for local sensing, analog
programming and remote voltage sensing do not interact and
may be used simultaneously.

3-203 Constant Voltage Qutput, Resistance Control.
The setup shown in Figure 3-8 allows the cutput voltage 1o be
varied by using an external resistor to program the power sup-
ply. A programming resistor variable from 0 to 4000 ohms pro-
duces a proportional output voltage from zero to full scale. Note
that fixed resistors may be connected in series and/or parallel
with the variable programming resistor to set lower and/or up-
per output voltage limits. The resultant programming resistance
is the sum of the series/paratlel resistor combination, and must
be between 0 and 4000 ohms. For example, a 2000 ohm resistor
cannected in series with the variable programming resistor will
set the lower limit for output voltage at one-half full scale,

NOTE

If the programming terminals (VP to \'7 Pi

become open circuited during resistance pro-
gramming, the output voltage wilf tend to rise
above rating. The supply will not be damaged if
this occurs, but the overvoltage trip point should
be properly adjusted to protect the user’s load.
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3-204 Constant Voltage Output, Voltage Control. The
setup shown in Figure 3-10 allows the output voltage to be
varied by using an external voltage source 1o program the sup-
ply. A voltage source variable from 0 to -+5 volts produces a
proportional output voltage from zero to full scale. The static
load on the programming voltage source is less than SuA. A
source resistance of less than 10 k is necessary 1o avoid degrada-
tlon of offset and drift specifications.

NOTE

If external resistors are used to fimit the remote-
programming voltage to 5 Vde, the resulting high
programming-source resistance can degrade the
power supply’s programming speed, offset and
drift performance. Limit the equivalent source
resistance to 10 k ohm maximum. Figure 3-11
shows a convenjent way to calculate suitable
voltage-divider resistance values for a 5§ k ohm
source resistance.

3-205 Constant Current Output, Resistance Control.
The setup shown in Figure 3-12 allows the output current to
be varied by using an external resistor to program the supply.
The discussion in Paragraph 3-203 for constant voltage opera-
tion also applies for constant current operation.

i CAUTION

f the programming terminals {IP to <? P} become
open circuited during resistance programming, the
output current will tend to rise above rating. The
power supply will not be damaged if this oceurs,
but the user's load may be damaged. If there /s a
possibifity that the programming leads may be
opened, it is suggested that the optional resistor
be connected directly across terminals IP and

P, .as shown in Figure 3-12. The value of this
resistor should be sefected to fimit the output cur-
rent to the maximum that the load can handle
without damage. For example, if the foad can han-
dle half the full current rating of the power supp-
Iy, & 2000 ohm resistor should be connected from
1P to R'? P. OFf course, if this resistor is used, the
resistance vafue actually programming the supply
is the paralfel combination of the programming
resistor and the optional resistor.

3-206 Constant Current Qutput, Voltage Control. The
setup shown in Figure 3-13 allows the output current to be
varied by using an external voltage current to program the sup-
ply. The discussions in paragraphs 3-201 through 3-203 also
apply for constant current operation. The note following
paragraph 3-204 applies also to programming output current.
3-207 MULTIPLE-SUPPLY OPERATION

3-208 The power supply can be operated in combination
with other power supplies 1o provide increased output capability.
Connecting the outputs of two or more power supplies in series
can provide an output voltage of up to 240 volis. Auto-parallel

3-27

operation of two power supplies can provide output current of
up to 20 amps. Other configurations are possible, contact
Hewlett-Packard, New Jersey Division for specific application
assistance.

3-209 Auto-Paraliel Operation

3-210 Two units can be connected in an auto-parallel com-
bination to provide twice the output current capability. One of
the power supplies, the master, is programmed normally via
the HP-IB. The other power supply, the slave, is analog pro-
grammed by the master. The slave may be connected to the
HP-IB for readback, status, etc., but the MODE switches of
the slave must be set so that the slave is analog programmed
by the master,

NOTE

Proportional currents from auto-parafleted units
require equal load-lead voftage drops. Connect
each unit to the load using separate pairs of wire
with length and gauge chosen to provide equal
voitage drops from pair to pair, If this is not feasr-
ble, connect each unit to a pair of distribution
terminals using equal-~voltage-drop wire pairs, and
then connect the distribution terminals to the load
with a single pair of leads.

Q| w
70 L
@ |
@ VP
o-m»svac?ri_@ "
OLE 0|

MODE

B6
®

il

B

S

)
@._i_.__a‘

L0AD
AN

+5

£

A

Figure 3-13. Voltage Programming of Qutput Current

H



https://www.manualsplus.com/

3211 Foldback protection, if desired, may only b used with
the master power supply.

3212 Figure 3-14 shows the rear-panel MODE switch set-
tings and terminal connections for auto-parallel operation. This
configuration provides 0 to 60 Vdc at an output current of up
to 20 Adc.

3-213 Setting Voltage and Current. Program the slave
unit's output voltage above the master’s to avoid interference
with master-unit CV control. The slave unit’s MODE switches
disable the slave unit's current setting from having any effect
in auto-parallel operation. Program the master unit to the desired
output voltage and current. Verify that the slave is in CC
operation.

3-214 When in CV operation, the master unit's voltage set-

ting is the output voltage of the auto-parallel combination. The

output current is the total current from all units, The fraction
of total current that each unit provides is the sama as the ratio
of that unit’s output current capability to the total output cur-
rent capability of the auto-parallel combination.

3-215 In CC operation, the user must add up the current

outputs from each unit and adjust the master until the total
equals the desired load current,

3-216 Overvoltage Protection. Adjust the desired OVP shut-
downt limit using the master unit's OVP ADJUST control. Set
the slave unit's OVP limit above the master’s. When the master
unit shuts down, the master programs the slave unit to zero
voltage ocutput. if a slave unit shuts down {because its OVP
shutdown limit is set lower than the master’s}, it shuts down
only itseif, and the other unit supplies all the load current. The
shut-down slave unit will draw some current through its down
programming circuit, The extra current required from the master
unit may cause the master to switch from CV to CC mode.

3-217 Remote Sensing. To remove sense with auto-
parallel operation, connect remote-sense leads only to the
master unit according to the remote-sensing instructions in
paragraph 3-40. '

3-218 Hemote Programming. To remove program with
auto-parallel operation, set up only the master unit for remote
programming.

NOTE

Down-programming speed is slower with auto-
parallel operation because only the master unit’s
down programmer operates.

LOAD

"

&

PN
@] E 12 wlolelo|elpl
|
\_ iy v,
104D

Figure 3-14, Auto-Parallel Operation
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Figure 3-15. Series Operation
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3-218

3220 UP to two or more power supplies can have their out-
puls connected in series to provide increased output voltage.
Each power supply is programmed via HP-iB with hold on, and
then all units are tirggered at once. Multiplé loads may be con-
nected in series, and the combination may be grounded at any
one point to provide both positive and negative outputs.
Regardiess of whether or where the load is grounded, no point
may be more than -+ 240 volts from ground. Add the voltage
settings of each power supply together to determine the total
output voltage. Set the current limits for each power supply
to the maximum that the load can handle without damage.

Series Operation

3-221 Fauit Input (FLT) and Remote
Inhibit {INH)
3-222 The connections for FLT and INH are made through

J8 which is located on the rear of the power supply just below
the HP-IB address / PON selection switches, The connector
(181, Is supplied with its mating plug which provides a conve-
nient way to access the FLT and INM circuitry {see Figure 3-16).
To remove the plug grip it firmly, then pull it straight out of
J8. With a small screwdriver, loosen the terminal screws on
the plug; connect the external FLT and/or INH circuitry, then
install the plug back into the connector. Note that in order to
prevent radio frequency interference (RF1), shielded or twisted
pair wiring should be used for the FLT and INH connections.
To prevent ground loops {if shielded wire is used) connect on-
ty one end of the shield to chassis ground. Several examples
follow.

HP-18
CTOMNNECTOR i
B g
(ORT
ADDRESS, | IT T ;
PON GWIFCHES .§||] ﬂ
i i@
PO
R
(g p— e
PIN 2 e TERMING
FIN 3— EHEE
FIN & —
,
FLT-INH
CONNECTOR L
R, OREAR VIEW 8. FLTAING MATING PLAE

Figure 3-16. FLT/INH Connections

3-223 In Figure 3-17, arn externally, normafly open switch
{81} is mounted on a hinged protection hood which covers the
power supply output terminals. The terminals of the switch are
connected to the INM input line. When the hood is lifted, the
switch closes and the following simultaneous actions are taken
by the power supply:

1.The power supply is disabled (as it is when an QUT OFF
or QUT 0 is isued).

3-29

2, The Rl bit in the status and astatus registers is set
true (1),

3. The FLT line goes true {1} {provided the Rl bit in
the unmasked register has been set true (1}).

4. i the Rl bit in the unmasked register has been set

true (1}, then the RI bit in the fault register will be
set true (1}, and FAU bit in the serial poll register will
be set true (1).

Closing the hood will not re-enable the supply, and during a
serial poll the controller would be made aware that a fault
exists via the FAU bit in the serial poll register. The fault register
must now be read to reset the FLT and Rl bit. Finaliy sending
CLR wilt initialize the supply to its power on state (See Table
3-8},

POWER SUPPLY
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Figure 3-17, INH Example

POWNER SUPPLY

NORMALLY
CLOSED

Qv
i @'s
@
] @'

F:9
&

LORE

F:9
FS

REL&Y
DRIVER
CIRCULY

S

F-N

IS

Figure 3-18. FLT Example
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3-224 In Figure 3-18. the FLT output is used to trigger a
refay driver circuit. When the driver circuit energizes the relay,
the power supply is disconnected from the load. This applic-
tion is useful to provide protection for the load if the controller
is halted during a debugging session and a fault condition arises.

Once the controller is no longer busy, the fault line can be reset
by rading the fault register and the power supply can be in-
Hialized to its power on state (see Table 3-6) by sending a CLR,

3-225 The setup in Figure 3-19a chains the FLT output of
one supply to the INH input of the next. In this case a fault

condition in any of the supplies would cause all of the supplies
to be disabled simultaneously without controller invelvernent
or external circuitry. The controller can be made aware of the
fauit via a service request (SRQ)}. Sending a FAULT? and then
a RST, will restore the output of the supply’s to their program-
med values before the INH circuit was tripped. Sending a CLR
wil! initialize the supply to its power on state (see Table 3-6).
To provide proper operation, correct polarity must be obseved
when connecting external circuitry to the INH input. A typical
example is shown in Figure 3-19b.

PONCR GLPPLY A POWER SUPPLY B
< Dav = Dy >
-
LoFD @+s LORD Qs LOAD
" < D-v 8 -t v LI -—
-5 ) -5
mo 58
e > NS, 5 >
FLT FLT
2y 2 2 > b
I (3
INH INH
(0, X H
Figure 3-19a. FLT and INH with Multiple Supplies
o FOWER SUPPLY B
+?V Ja
3 18 4 f
LEGER* P = R i V() N
=47k RS4 7 FLT i >
1o 7 182 i b G e i 5 & LoRp
* 1S : 4 ;
PINZ 4 E% 3 - & »
P ()4 -5
*oEE HP-IB BORRD SCHEMATIC e POWER SUPFLY B
OIAGKSM IN Ty QPERATING PR{Q&?&T?_&EQ Jg |
END SERVICE MRNUAL.. ¢ ¢ O E o N
TYPICA, INH SETLE > “E E o R0
E L A =t -0 5 g % 3 ! B N
ICN)H ; v v
b OLIN -8
Figure 3-19b. Typical INH Setup
3-226  In Figure 3-20 the FLT output drives not only the INH
input, but also triggers a sequential down programmer circuit.
- . . POWER SUPPLY C
This would allow any supply in the system to trigger the T
sequential down programmer {via their FLT outputs) and disable 4 | ‘o N
. N N . . . + B
the supplies in a predetermined order {via their INH inputs). 5 %Ta
v +5 LOAD
.. . . . 4 ek G B c
3-227  Timing relationships for FLT and INH are shown in N %‘*4 .o
Figure 3-21.
Figure 3-20, FLT and INH Example
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Figure 3-21. Timing Diagram
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