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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications ! the time of shipment from
thit factory. Hewlett-Packard further certifies that its calibration measurements are iraceable 10 the United States
Nitional Bureau of Standards, to the extent allowed by the Bureau's calibration facility, and to the calibration
facilities of other International Siundards Organization members,

" ViVARRANTY

This Hewlett-Packard Instrument product is warranted against defects in material and workmanship for a period of
onz year from date of shipment. During the warranty period, Hewlett-Packard Company will, at its aption, either
repair or replace products which prove to be defective. i \

For warranty service or repair, this product must Lie returned to a service facility designated hy HP, Buyer shall
prepay shipping charges to HP and {IP shall pay shipping chatges'to return the product. to Buyar. ﬂowever, Buyer
shall pay all shipping ‘charges, duties, and taxes far products raturned, to HP from another country,

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

! : LIMITATION OF WARRANTY 4

]
The foregoing warranty shall not apply to defects resulting fram improper or inadequate maintenance by Buyer,

Buyer-supplied software or interfucing, unauthorized modification or misuse, operstion outside of the environmen-
tal specifications for the product, or improper site preparation or maintenance. '

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

EXCLUSIVE REMEDIES

THE REMEDJIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT BE
LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER
BASFD 0N CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCL

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard 2o
ducts. i

Far any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the
back of thix manual.
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: ’ SAFETY SUMMARY

I .
;o

The following gehe 18l safcty precautions must be observed during all phases of operation, service, and repair of this instru-
ment. Failure fo comply wirhi these precautions or with specific warnings elsewhere in this manual violates safety standards
of design, rmanufacture, .and intended use of the instrument. Mewlett-Packard Cam,:lany assumes no liability for the

customer's failure to comply with these requirements,
Tt

BEFORE APPLYING POWER..

1+ Verify that the product is set to match the evollable line
volugla end the correct fuse s installad.

GROUND THE INSTRUMENT.,

This product is 8 Safety Class 1 instrument {provided with a:

protective sarth .erminal} To minimize shock hazard, the jn-
strument chassis und cabinet must be connected 10 er: elec-
trical ground. The Instrument must be cannected 1o the ac
power supply mains through 8 three-conductor power cabie,
with the third wire firmly connacted to an slectrical ground
(safety graound} ct the powar outlet. For instrumants designed
to be hard-wired to the ac power lines {supply mains), connect
the protective earth terminal to a protective conductor before
any other connection Is made. Any interruption of the protec-
tive (grounding) conductor or disconnection of the protective
~ earth terminal will cause a pctential shock hazard that could
result in personal Injury. it the instrument is to be energizud via
an axternal sutotransformer for voltage radustion, be tertain
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 Instiuments without a bullt-in line switch, the input power
lines must contain a switch or another adecuate means for
disconnecting the instrument from the ac power lines (supply
mains).

DO NOT OPERATE IN AN EXPLOSIVE
ATMCSPHERE.,

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

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrumaent 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 ray exist even with the power cable
removed, To avoid injuries, always d.sconnec. power,
discharge circuits and remove external voltage sources before
touching components.

GO NOT SERVICE OR ADJUST ALONE.

fa not attempt internal service or adjustmen! unless another
person, capable of rendering first aid and resuscitation, Js
present. : ‘ , ‘

!nsrmrmnts wmch appear dcmaged or tefective should be mads inoperative and sscured agam:r u nm rended operation until

they can be repaired by qullrhed servick personnel.,

DO NOT EXCEED.INPUT RATINGS.

This Instrument may be equipped with 8 line filter to reduce
electromagnetic ntorference and must be connected to a pro-
perly groundad recaptacle to minimize efectric shock hazard.
Operation at line voltages or frequancies in excess of those
stated on the dats plate may ceuse leakage currents in excess
of 5.0 mA peak,

SAFETY SYMBOLS,

Instruction rmanual symbol: the product
& will be marked with this symbaol when it

, is necessary for the user to refer to the
instruction manual {refer to Table of
Contents), '
@' or wbe Indicate earth {ground) terminal.

Indicates hazardous voltages.

i

WARNING calls attenlion to a procadure, practice,

ar the like, which, if not correctly per-
formed or adhered to, could resuit in
pcrsonal injury, Do not proceed bayond
8 WARNING sign until the indicated
“conditions are fully understood and met. .

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 result
in damage to or destruction of part or al}
of the product, D¢ not proceed beyond
a CAUTION sign until the indicated con-
ditions ate fully undurstood and met.

CAUTION

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMENT.

Because of the danger of |r..roducmg additional hazards, do
not install =ubstitute parts orperform any unaulhonzed
modification to the instrument. Return the instrumert to 5
Hewlett: Packard Sales and Ser‘ace QHice for service and.
repair to ansure that safely featufes are maintained. i
l \
1

I
|

The WARMING sian denotes a hazard, It
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Section 1
: GENERAL INFORMATION

INTRODUCTION

122 This operating and service manual contains a descrip-
uurt of the HP Moade! 6038A System F(ower Supply, including
specifications, Installation and operatiiiy instructions, theory of
operation, maintenance procedures ahd schematics. Program-
ming Note, part number 5952-4119, provides programming In-
structions and examples for the Hywlett-Packard series 200
computers {9816, 9920, 9826, 9836/ 9836C). Description and
information pertainitig to HP 6038\ I referenced in Appendix C.

13 DESCRIPTION |

14 The HP 6038A is a 200 V/ autoranging HP-IB power
supply with maximum ratings of (0 V and 10 A. It uses pcwer
MOSFETs in a 20 kHz switching converter to provide an
autoranging output characteristic; with labaratory performance.
Output voltage and current are Xcontinuously Indicated on in-
dividual meters. LED indicators/chow the complete operating
state of the unit. Front-panel ecjntiols allow the user to set out-
put voltage, current and overviltagé protection trip level. Over-
valtage protection {OVP) pro ects. the user’s load by quickly
and automatically interruptin energy transfer if a preset trip

. voltage is exzeeded. Foldbaftk protection can be selectad to

disable the power supply oufput if te unit switches from Con-

=t2ntVieliage (CV) to Constaht Current (CC) mode or vice-versa,

The HP 6036A car/be programmed directly to output
volts und amps. The HP Power Supply can be both a listenar
and talker on the HP-1B and status can be read back to the con-
troller over the HP-1B. The power supply can be programmed
directly In valts and amps. Pcwer 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. Upen command, the
power supply will measure 1ts output voltage, output current,
or OVP trip veltage and put the value on the HP-IE. New out-
put values can be put on hold and triggered later, allowing the
controller to synchronize multipla units at one time,

1-6  The following parameters and features can be controlled
via the HP-IB:
@ Output voltage setting (12 bits)
¢ Cutput current setting {12 bits)
@, tigger (update output)
. & Output disable/enable
o OVP raset
o "Soft"' voltage and current Iimits
" @ Status: reparting
) Servlccl request capability
® Foldback protection
] Outpu_t voltage measurement {12 bits)
. @ Qutput current measurement {12 hits)
® OVP sctting measurement
#® Machine state initialization
@ 16 machine state presets
@ Sulf test

1-1
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1-7 Jutput connections are made to rear-panel screw-an
terminals. Either the pasitive or negative output terminal may
be graunded or the output may he floated up to + 240 Vde (in-
cluding output voltage) from chassis ground. Qutput vaitage
cary b locally aor remotely sansed.

1-8 The HP 60384 s considarably smaller, lighter and more
afficient than oider-dasign supplies with simllar output power
capability, The unitis fan cooled and is packaged in a Hewlett-
Packard System Il-cornpatibte madular enclosure which is stur-
dy, attractive and provides easy access for servicing.

1-9 SAFETY CONSIDERATIONS

1-10 This product Is a Safety Class 1 Instrument {provided
with a protective earth tenminal), The Instrument and this
manual should be raviewed for safety markings and instructions
befare operation. Refer to the Safety Summary page at the
baginning of this manual for 2 summary of general safety in-
formation. Safety Information for specific procedures is lacated
at appropriate places in this manual,

1-11  SPECIFICATIONS

1-12°  Instrumant specifications are listed in Table 1-1, These

- specifications are the peformance standards or limits agalnst

which the Instrument i3 tested, Supplernental Infarmation ; also
listed in Table 1-1, including typical but nop- -warianted
characteristics. ;

1-13 OPTIONS

1-14 Options ere standard factory modifications or
accessories that are delivered with the instrument. The follow-
ing options are available with the HP 6038A. Note lower cut-
put power specifications for Option 100, which is described In
Appendix A.

Obtfon Dascription
001 ' Blank Front Panel for line Options 120,
220, and 243 Vdc
100 Input power: 100 Vac +6%, —10%:
. 48-63 Hz single phase.
Output power: 150 W, 60 V, 10 A.
129 Input power: 120 Vac +6% - 13%:
48-63 Hz single phase,
20 Input power: 220 Vac +6%, —13%:;
48-63 Hz, single phase.
240 Input-power: 240 Vac +6%, - 13%:
48-63 Hz, single phass.
500 Rka:ck mount Kit for two units side by
side,
908 Single side rack mounnng kit with
‘ half-module width extension adaptor.
910 One additianal Qperating and Servizg

Manual for each Option 910 ordered.
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1-15 ACCESSORIES to alfow HP-IB and PSI baards to liv on
table cutside unit, end control board test
1-16  The System-ll csbinet accessorias and service connector,
accessories listed below may be ordered with the power sup- . 5060-0138 MP-IB connecter non-metric to matric '
ply or separarely from your Jocal Hewlatt-Packard Sales and ccnversion Kit.
Service Office (sae list of s.ddresses at rear of this manual),
: 5060-2860 FET service kit, includes FETs end all
HP Part No. Description companents that should be replaced with
5061-0060 Rack mounting adapter kit for side moun- FETs. ‘
ting cne 7-inch high cablnet, includes one :
rack flange and one half-module width ‘1'17 INSTRUM_‘ENT AND MANUAL
extension adapter. {Will be shipped with ‘ IDENTIFICATION
instryment if ordered as Qption 908), '
: . 1-18 Hewlett-Packard power supplies are ‘dentified by a
5061-0061 Rack mounting adapter kit for center two-part serial number. The first part is the serfai number prefix,
mounting one 7-inch high cabinet, in- a numbar-letter combination that denotes the date of a signlfi-
cluces one rack flange and one quarter- cant design change and the country of manufacture. The first
mociule width extenston adapter {two kits two digits Indicate the year (24=1384, 25=1985. etc}, the
raquired), there will he surplus of second two digits indicate the week, and A" designates the
hardware, U.5.A; The secand part of the serial number is a different se-
50610078 Rack flange kit for 7-Inch high cabinet,  gegn o o assignad to aach pawer supply, starting with
Must be used with another half-module '
:idgs:ngg‘: Bc\';;: gemhh[ w.tz :;J;:k link 1-19 If the seriai number on your instrument does nat agree
it ’ 4 ¢ s Ppé nstru- with thase on the title page of this manual, a yeliow Manual
ment Is orderad as Option 800). Changes sheet supplied with the manual defines the difference
5061-0094 . Lock link kit for [olning units of equal between your Instrument and the Instrument desctibad by this
depth, contalns hardware for three side- manual. The change sheet may also contain information for cor-
by-side jaints (four units) and two over- recting errars in the manual,
under jaints {three units). Locking :
cabinets together harizontally in a cen- 1-20 HP-IB INTERCONNECT!ON CABLES
, figuration wider than one full module is AND CONNECTORS q
not recommended, 5061-0078 and
£§061-0034 will be shipped If Option 80O 1-21 Cables for interconnecting HP-1B devices are available
is ordered, in four different lengths. The connector black at both ends of
. : each HP-IB cable has a plug on one side and a matching recep-
60610030 Front handle kit for 7-Inch high cablnets.  tacle on the cther, so that several cables may be connected
Correspanding flange kit Is 6061-2072, in parallel, thus simplifying system interconnection, Lock screws
60612072 ' Flang e‘kit to be used with front handle provide secure mounting of each connector block to an Hi -IR .
" kit 5061-0090. instrument, or to another cable connector block. All.connec- - -
i J tors supplied since 19756 use metric hardware {colored black). {
5061-0084 Rack mounting flange kit with handles for Accessories table lists kit for converting one non-metric {coi- A% .
7-inch high cabinet. Must be used with cred silver) cable and one or two instruments to metric hard-

another half-module width unit of equal
depth with lock link kit 5061-0034.

ware. The 10833 series of csbles features Improved
shielding, compared to the older 10631 series, to help imprave
overall RFl levels In many systems. The 10631 and 10833 serles

5061-20@ Bail handle kit for carrying 7-Inch high, cables ara functionally compatible with one another, but the
half-module width cabinet. 10631 serles cablas will interrupt the continuity of the 10833
1460-1345 . Tiit stand (1) snaps into standard foot on saries shiclding. . ,
instrument, must be used in pairs. Modal
5061-0098 Support shelf bit for mounting one or 1083GA HP-IB Cable, 1 m (3.3 ft.}
mare 7-inch high cabinets of any depth 108338 HP-1B Cable, 2 m (6.6 ft.)
to 20 Inches. , 10833C HP-IB Cable, 4 m (13.2 f1.)
' : 10833D HP-IE Cable, 0.6 m {1.5 ft.)
- 5061-2027 Frant filler panel, half-module width, for _10834A HP-IB Connector Extender
7-inch high cabinet on support shelf. , ‘
1494.0031 Slide kit for 5061-0098 support shelf. -2 The 10834A extender was designed to help in cases
_ whore rear panel space resuis In difficuit cabling situations. The
06033-60005  Service kit, includes extenders for con- extender provides cleararce by extending the first connector’

trol and power mesh boards, three cables

block 2.3 cm away from the rear panel of the Instrument.




r

ned L b b o i bl w o 1 Foilow mocawur o 1

f
|

/123 ORDERING ADDITIONAL MANUALS

1-24 One manual Is shipped with each power supply. Ad-
ditional manuals may be purchased directly irom your local
Hewlett-Packerd Sales office. Specify the mode! number In-
strument serig! nuinber prefix, and the manual part number pro-

. vided on the title page. {(Whan ordered at the same time 3s the

power supply, additional manuals may be puchased by adding
Option 910 to the order and sperifying the number of additional
manuals desired). .

1-25 'RELATED DOCUMENTS

1 .'?6 The following documents may be useful for decign-
ing HP-I1B systams. The HP documents can be ordered from
your lacal HP Sales Office.

- Pragramming Note, Intraductory Operating Guide, HP
System Power Supplies, HP Part Number £952-4119

Programming Nete, Quick Referenca Guide, HP
System Power Supplies, HP Part Number 6352-4118.

Lol i [ Lalde . T ] i e an

Tutorial Descriptian of the Hewlett-Packard
Interface Bus, HP Part Numbar 53300-90007,
Novembar, 1920, 92 pages,

I[EEE Std 488-1978 Digital Interface for
Programmable Instrumentation, corrected edition
July 25, 1980, or later, avallable from:

|EEE
345 East 4Tth Street
New Yark MY 10017

1-27 HP-IB COMPATABILITY

1-28 The 6038A Implements the following HP-1B inierface
functions:

SH1 {Source Handshaks)
AH1 [Acceptar Handshake)
T1 (Talker}

L1 (Listanar)

SR1 {Service Hequest)
RL1 {Remote Local)

. [ IR

-—f Condensed Description of the Hewlett-Packard PP1 (Paralle! Poll)
N Interface Bus, HP Part Number 53401-90030. DC1 {Device Clear)
; March, 1976, 18 pages. DT1 (Device Trigger)
: Tabis 1-1. Specifications and Suppiemental Charactaeristics
;_: AII perfarmance speciiications are at rear terminale with a See graph and table for maximum output power,
3 resistive load. All specifications apply aver the full oparaung
- temperature range unless ‘ctharwise specified. . OUTPUT BOUNDARY SPECIFICATION _
i AC Input Voltage Current Pawer  Current Voltage Powar
g ‘ o v} (A} (w} {A) v) {w)
o ~ -Two Internal switches and one internal jumper permite opera- '
= tian from 120, 220, or 240 Vac { ~ 13%, +6%, 48-63 Hz). 100 20 10.0 200 33 60 200
- Vac operation Is a factory set option only. . 25 8.5 212 4.0 54 216
- ' 30 7.6 228 5.0 46 232
Input Currant: . . 3 6.7 234 6.0 40 240
_ . . 40 6.0 240 7.0 H 238
> v oA % 53 237 80 29 2
R Y 60 4.6 232 9.0 24 217
20 Vac: 3.8 A
240 Vac: 3.6 A 55 4.1 226 10.0 20 200
. nE 60 3.3 200 -
/ 850 VA Maximum
© 375 W Maximum
‘ 200w
Input Fuss Ratings- € _"\
The AC Input is protected by a rear panel mounted fuse; 8 80
A folr 100 Vac and 120 Vac, 4 A far 220 Vac and 240 Vac.
. A0 b = o e e e e e e
Peak Inrush Currert: .
<20 A maximum at any line or temperature. ¥
- .
DC Output e
Voltage and current can be programmed via HP-1B, front panel o
contrrl or remote analog contro! over the following ranges. | .
Voltage: 0 to 60 ¥/ ° 2 +
- Current: 010 10 A
-
) i
- ’ .
1-3
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Table 1-1) Specifications and Supplemental Charecteristics {continued)

Load Effect { Programming Resolutiop -
For a toad change equal to the rpb‘xlmum avallable current Valtage: 16 mV
rating of the supply at the set voltage {CV} or maximum Current: 2.5 mA
available voltage rating at the :set current (CCh:
' Voltage: 0,01% +3 mv: Programming Accuracy {26 +6 °C)i |
Current: 0.01% +5mA . !
Source Effect’ . Voltage: 0.035% +40 mv

For a line change within rati:ig: Current: 0.066% + 10 mA

. 2 my
Valtage: 0.01% +2mv Both channels are monotonic over the operating temperature
Current: 0.01% +2 mA range

i
I

| f ‘
DC Output Isolation | Programming Respons2 Time

Either output terminal may be ﬂoa!ec\up to 240 vdc lin-

cluding output voltage) from earth ground. Maximum time for output voitage to change from 0 to 60

. V or 60 V to 2 V and setde within 15 mV of final value.

PARD (Ripple and Noise) -

RMS/pk-pk 20Hz-20 MHz; ' Up: Full load 118 chims) 225 ms ‘
Voltage: 3 mV/30 mV Light load (400 chms) 226 ms i

Current: 5 mA No ioad 25ms | !

Commen mode current: 1 mA/40 mA typlcal i ‘
' ‘ ‘ Down: Full load {18 ohms) 400 ms |

Temperature Coeffic ent: . : Light load (430 ohms} 780 ms |
Nolcad | 1600 ms '

i

Change in output per ‘o aftar a 30-minute warmup.

' Typical programming respanse time data for changes other

Voltege: 50 ppm +3 mV ;
than full-scale excurs‘ons:

- Current: 90 ppm +0.3 mA

 Drift {Stebility) C : : . full load  light load no joad
. 18 ohms 400 ohms
Change !n output over an 8-hr interval under constant line, . : 0
load and amblent temperature after 30-minute warmup, Up: 0-60V 1580 ms 120 ms 120 ma
_ . ' : "0-30 Vv 120ms  100ms 100 mu
¢ Voltage: 0.02% +2 mv ‘. 20-60V  120ms  100ms 100 ms

Current: 0,03% +3 mA ' \

“ Down: 60 -2V 150 ms A0 ms 850 ms

Load Transient Recovery Time
60-10V 110 ms 210 ms 350 ms

- The time iequﬂred for the output' voltage to recover within 60-30V 180 ms 340 ms 500 ms’
& hand around the nominal valtage following a 10% or 50% '
change in load current. Tyglcal output v‘oltage overshoot:

10% load current change: 1 ms 1o within 75 mV Final vulu,‘a Ove;shoot !

50% load current change: 2 ms to within 200 mV ;

Qutput Imepdance {Vypical) <3V 3V '
k >3V a1V

See araph: ' . .

N (e e s b 4 b s s e o s

Readback (25 5 °C)

Voltage Resolution: 158 mV
Accuracy: 0.07% +50 mV
TC: 30 ppm +1mV /°C

Current’ Resolution: 2,6 mA
Accuracy: 0.20% + 11 mA
TC: 70 ppm +0.5 mA /°C

QuT#yY yPETanCE | 3

[ TR RSO

e " . ‘ TC: 100 ppm +5 mV

' I 1

|
!
_i OVP:  Resolution: 37.5 mV
Accuracy: 0.25% +300 mV

3

!

i

i

i
F1
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i
Tabls 1-1,
Front. Panal Metars (25 ?_&5 °Ck
VOLTS ‘
Rame Resalution Accuracy
2v ' Bmv 0.07%‘ +50 mv.
20V 16 mV 0.07% +66 mv
200V 100 mV 0.07% +100 mv
TC: Same as voltage readback
AMPS
Range * Resolution : Accuracy
20 A 10 A 0.20% 411 mA
TC: Same as current readhack
ovP ' : |
Rangs: 200 V '

Resolution: 100 mV
Accuracy: 0,3% + 300 mV
TC: Same as OVP readb.ick

I
Ovarvoltage Protection- '

l \ : ,
Trip v=liage adjustable via front panel control,

Range: 0-63 V ‘
Resolution: 100 mV '
Accuracy: 0.25% +300 mV (Set using DISPLAY ovp
furction)
' TC 100 ppm +6 mV/°C

Minimum setting above ouiput voltage to avoid nuisance trip-

 ping is 1.6 V.

Remote Analog Programming (26 +5 °C):

Resistapco Programm!ng

0 to 4 k provides zero to maximum rated output voltage or

- Cu.rent. The tesulting scalo factar [s 1 chm/LSB for a 17-bit

system, which curresponds to 200 ohms:volt and 133
ohms/amp.

Valtage:
Accuracy: 0.42% +30 mV
TC: 60 ppm +3 mV '

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

Voltage Pragramming:

0o B V provides zero to maximum rated vutput voltage or
current.
Valtage:
Accuracy: 0.25% +30 mV
TC: 10 ppm +3I mV

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

_Remote Sensing:

Specifications and Supplemantal Characreristics [continued) o

The programming inputs ae protected against input voltages
up to +£40 V. \ ;

~ Voltage and Current' Monitor Qutputs (26 6 °C):

0 10 5 V gutput indicates zero to maximum rated output.
All accuracy speciﬂcatians are refe;red 1o the autput of the

supply.

Voltage: ‘ '

+ Accuracy: 0. 25% +i10mv
TC: 10 ppm +2 mV JoC
Output irdpedance: 10.2 k f} +5%

4

Current: ,
Accuracy: 0.15%. +6 mA
TC: 70 ppm +C.3 ma/°C
i+ Qutput impedance: 10.2k N +6%

1

Meets load-effact specification at load b:f correcting frr load-
lead drep of up to 0.6 V per lead with sense wire reslstance
of less than 0.2 ohms per sense lead and Iead lengths of fess
than 5 metres,,

Operation with up to 2V drop per load lead [s passible: load-
effect specification depends on .anse-wite reslstance. Refer

to-Section I}, |

Reversa Vgitage Prataction:
. |

Maximum permissible current caused by reverse voltage m-
pressed acrass output terminals:

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

Temperature Ratings: :

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

Certification:
Unit complies with the followihg requirements:

IEC 34E§Safety Requ:rements tor Electronic Measuring
Apparatus.

CSA 866B-Electronic Instruments and Sclentific Apparatus
for Special Use and Applications.

VDE 0411-Electronic Measuting Instruments and Automatic
Contrals.

VDE 0871/6.78 level B- RFI Suppression
Dlmensions See Figure 2-1

Weight:

Net: 9.6 kg (21 Ib) |

: Shipping: 11.4 kg {25 Ib)

i
!
:

o : :
www.valuetranics.com







Section Il

INSTALLATION ]

21 INTRODUCTION : . 2.5 Mecheaicel Check
2-2 This section woniains lstructions for chacking and 2-6 This check shnuld confirm that there are no broken
repacking the urit, bench or rack maunting, connecting the knobs or connectors, that the cabinet and panel surfaces are
unit to ac Input porver, and converting the unit from ona line free of dents and scratches, and that the meter face and rear-
voltage to anathet if required. Instructions for conriecting load panel arminal block covers ere not scratched or cracked,
and HP-{B cables, and fcr setting the HP-IB address are given :
in Section Bl 2-7 Electrical Check

. | ) :
2-3 . INIT'AL INSPECTION 2-8  SectiryV contains complete verification procedures for

this Instrument. Section |Il contains an abbrevinted check which
can be used quickly to place the unit into operation. Refer Jo
the instde tront cover of the manual for Certification and War-
ranty siat wnants,

24 Befcre shipment, tﬁis instrumant was inspected and
found to he free of mechanical and electrical defects. As saon
as the Instrdment s unpacked, hispect for any damage thau may

have occurred In transit; Save ail packing materials untll the 29 PREPARATION FOR USE

/i Inspection is completed. If damage s found, it clalm with car- _ _
' _rier frem achately. The Hewlutt-Packard Salus and Service of- 210 [Inarder to be patinto senvine, the power supply must
fice snculd be notified as soon 3s passible, _ be cunnscted to BN uppropriate ac input power source. Also,
' i | , i
o o uTsam 1250M e e
' _ T e ) g
: : . ! : R: 1 . , !
‘ : b ’ ; ’ ‘ : , o
J, JERMINAL STRIP DETAL N N ' 242.3mm
g 208.8mm | s , - | (8.360"
- i' (8.220") | C ‘
‘II " 'I
S !_ o ! ddp ¥ '
—_— Y

C : ‘Ii3.§mm(0.'~‘3:;.h—)-j o

! y o ) . l’)‘! v a0 1‘ i . Dr‘o o ‘ -
B L o I_u_ZZ.Omrn S - o
I R A T Meet s
o ]‘ "y i/ Figura 2:1, .. Outline Diagram : 0




the line volmgu for which the unit is set and the rear-panel fuse
must ba checked, Additional steps may [nclude fine voltage con-
verston and rack mounting. Do not epply power to the instru-
ment befurfe reading paragraph 2-19,

2-11  lLocation and Cooling

212 The instrumient Is fan cooled and must be installed with
sufficlent 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
(8mm) space. It should be used in an area whera the amblent

. temperhture, measured at the fan intake, does not exceed
+ 55"'-.

2-.3 .

--'nn-f'- TN ‘@ P

Qutiine Diagram -

.2 14" Flgure 2-1 Iltustratbs the outllne shape and dimensians
of the cabinet,

215 Bench Operation

2:16 The Instrumant cabinet has plastic feet, which are

sk>ped to ensure self aligning when $tacked with other Hewlett-
Packard System )l cabinets.

'2-17  Raclt Mounting

2-18 ‘The unit can be mounted. In a standard 19-Inch rack
panel ar enciosure, Back mounting accessotles for this unit
are listed In the ACCESSORISS paragraph In Section 1.
Complete installation Instructlors are Inc'uded with each rack
mounting kit.

2-19
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Input Power Raquirements

iH-bI]“ I

2-20 This supply may b2 operated from a nominal 100 V,
120V, 220V or 240 V single-phase ac power source {48-63 Hz).
The input voitage range and input current required for each of
the naminal inputs are listed below. The maximum input power

-+ -{at high line, full load) required for any input [s 376 watts. A
label on the rear panel indicates the nominal line voitage for
which the Instrument was set at the factory. If necessary, the

‘ , user can convert the instrument from one line vcltage option

o anothe;,by following the Instructions In Paragraph 2-25.

it

‘| "” ‘| |||\'i_ii,"dll. i I|ﬁ .-|IJJ|"E| U | |||:I|‘|| [iw | -\\\ Hi‘ﬁi!

Maximum
tnput Current

Line Voitage
Range

Nomllnal
1 ' 'Voltage

t ) 100 Vr
120\,
20V

240V

(]

87-106
104-127
191-233
208-250

6.0 A rms
6.5 A rms
38A rms
3.6 Arms

Power Cable
222 The power supply Is shipped fram the factory with a
. power-cord plug appropriate for the user's location. Figure 2.2
+ llustrates the standard configuration of power-cord plugs
used by Hawian Packard, Witk each drawing is the HP Part
Number for a replacement power cord equipped with a plug

i
oy,

R

221
{
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22

1 e i B M PR R TR N R b iy md ma mEEn

GETION 909 QPTION 901 CPTON 902
\
@20 - 1858 8120 -1269 £120 - €69
0PTIGN 903 OPTION 504 OPTION 906
U 7
. o>
] M .
8120 - 1348 1251 ~ 3495 £120-2104
STANDARC PLUG CALY

Tigure 2-2, Powaer-Curd Plug Configurations

L

of that configuration. if a different power cord Is required, con-
tact the nearest Hewiett-Packard Sales and Service office.
2.3 To protect operating personnel, the ‘-.!ational Electrical
Manufacturers Assoclation (INEMA) recon:..-.ends that the in-
strument panel and cabinet be grounded This instrument is
aquipped with a three-conductar power cab's; the third con-
ductar is the ground conductor. When the cable Is plugged in-
to an appropriate receptacle the Instrument is grounded. In no
event shall this instrument be operated without an adequate
cabinet ground connection,

224 The offset pin on the standard power cable three-prong
connectar [s the ground cannection. I 8 two-contact recep-
tacle is encountered, it must be replaced with 8 properly ground-
ed three-contact receplacle in accordance with the National
Electrical Code, local codes and ardinances. The work should
be done by a qualified electrician.

NOTE

Generally, it is good practice to keep the ac in-
put linas separated from signal lines.

225 LINE VOLTAGE OPTION CONVERSION

CAUTION

Conversion to or from 100 V operation requires
recalibration and replacement of internal com-
ponents in addition to the line voltage com-
ponents, and is to be done only ar the factory.
Failure 1o reconfigure and recalibrate the power
supply may result In damage to the unit,

B
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2-26 Line voltage conversion [s accomplished by adjusting
three companents; the two-section line select switch A1S2, line-
vaitage jumner ATWB, and rear-panel line fuss F1, To convert

the sunply from one ling voltage option to another, proceed !
as follows; ' 1‘
i} .
I WARNING s :
' b e : 1

. \ 4
Some components and circuits en at ac ‘r"fe

voltage aven witi) the switch of!. To avoid vive-
tric shock hazard, disconnect line cord and loed
before removing cover.

Pate T UL

4. Remove top cover from instrument by removing‘\two
screws that secure cover to raar panel; remave anly ear
screw an carrying handle; slide cuver to rear and lift bff,

b. The line voltage selact switch Is located In the front i\\'-‘fl
corner of the Instrument {see Figure 2-3), Use a smejl-

“blade screwdriver to set the two switch sections to match
e pattern silkscreened on p.c 'main board as show.ﬁ
in Figure 2-3. For example, to set switches fcr 120 V.
operation (as lllustrated), move forward switch section\,
so that its white slot is toward front of instrument and '\.\
move rearward switch section 5o its white slot is toward |

y

rear of instrument, .
¢ Oneend of AIWS is soldered to motherboaid; the other TR o it |

end has a temale night-angle quick-connect tarminal that

fits ohto one of two terminals soldered to motherboard, - |

- For 100 V or 120 V operation, AYWS mustbe connectad ' Figure 2-3,  Line Voltage Selection Components

to terminal cioser to centar of instiument; for 220 V or

240 Vv aperation, AIWD must b2 connectad o terminat

clos® side of instrument, Be certain that lumper s firm- 2-27 REPACKAGING FOR SHIPMENT G

ly mated with terminal on movherboard. Do not grip

jumper Insulation with pliers; either grip jumper wire by 2.98

hand or grip jumper terminal with pllers.

To Insure safe shipment of the ins.;ument, itis recom-
meanded that the package designed for the [nstrument be

d. Check rating of fuse F1 installed in rear-panel fuseholder used, The original packaging material is reusable, If it Is not
8nd replace with correct value If necessary, Do not use available, contact your local Hewlett-Packard Sales and Ser-
slow-blow fuses. For 120V operation, use 8 A fuse, HP vice office to obtain the materlals. This office will also furnish
Part Number 2110-0383. For 22C V or 240 V operation, the address of the pearest service office to which the instru-
use 4A fuse, HP Part Number 2110-0055. ment can be shipped. Be sure to attach 8 tag to the instrument

e. Replace covers and mark the supply clearly with a tag specifying the owner, madel number, full serial number, and
or lab.\ indicating correct lina voltage and fuse to be used, service required or a brief description of the troublz.
2.3
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Section lil
OPERATING INSTRUCTIONS

3-1 INTRODUCTION

3-2 This section describes the operating controls and in-
dicotors, turn-on checkaut procedures, and operating pro-
ceduras and consigerations for the HP 6038A. Locel (front-
panel) a.'d remate {via HP-IB) operation are described separate-
Iy, hut the nser should become familiar with both methods of
oparation. Ir.farmation In this section through paragraph 3-64
applies to both locel and remote operation. Programming ex-
amples for speciti~ Hewlett-Packard computers are given in the
Introductary Opera “ng Guide, HP P/N 5852-4119. The Quick
Reterence Guide, HF P/N 53524118, is useful for operators
who are already familia. with the operation of *he HP CO38A
power supply. Maore the wetical descriptions regarding che
operational features of pow *r supplies 'n general are given in
the DC Power Supply Hardbook, Application Ncte 9503
(available at no charge from your local Hewvlett-Packard Sales

Office).
[ WARNING .‘l

Bafore the instrument is turned on, o proteciive
eurth terminals, extension cords, ad devices
“cunnected to the power supply should' be con-
nected to a protective earth ground. Ar,v inter-
ruptian of the protective earth groundin1 wilj
cause 1 potential shock hazard that could ro sult
in personal’ injury. For continued protect
against fira hazard, use only a 250 Vac fuse with
required current rating. Do not use sfow-blow
fuses, Do not use short circuited fusehorders. To
do so conuld cause a fire and shock hazard.

3-3 CONTROLS AND INDICATORS

3:4 | The front-panel conirols 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.’

OUTPUT RANGE FOR AN

3-5
‘ AUTORANGING POWEP. SUPPLY
36 The P 6038A can operate 35 a constant voltage (CV)

or constant current {CC) sourcs over a wide range of output
voltage and current combinations. The speclfications table con-
tains a graph showing ths overall nutput range of the power
supply: Figure 3-2 shows a rectangalar operating locus that is
defined by voltage and current setdngs of the power supply.

The j1olt on that locus at which the power supply actually

S

Figure 3-1. Front-Pansa! Controls and Indicators

operates s determined by the load resistance, Three load-
rusistance lines are shown on Figure 3-2. The Jine representing
Io?d resistance A, the highest load resistance shown on the
araph, crosses the operating locus at paint 1. Paint 1 is on the

part of the operating locus defined by the voltage sotting ., 50
ihe power supply cperates in CV made.

37 Simitarly, th2 line representing load resistance C, the
lowes® load rasistunce shown on the graph, crosses the

: npe({.\u.tg fecus at point 3. Polnt 3 is on the pa:1 of the operating

lo"l.,s defined by the current setting, so the power supply
onermas in CC made,

38 Load Resistznce B equals the crossover resfstance for
the particalar cembination of valtage 2nd current settings shawn
on the gravh  Either the CV or CC LED, or both, will light. If
the load resistance increases, the vo'tage setting dacreases, or
the current siting increases, the power supply will operate in
CV mode. Cenversely, if the load resistance decreases, voltage
se‘ting Incraares, or cutrent dtcreases thn power supply will,
operate In CC nade,

39 In Figure 3-2 the entire rectanqular aperating locus falls
within the output range »f the power supply. Figure 3-3 shows
& sltuation in which the voltage and curer? settings are high
enough that the rectangular operating locus s cut off by the
maximum output piwer boundary of the power supply. For the
load resistance A, 1he power supply operates in CV mode at
the voltage and cur-ent values for point 1. Similarly, for load
resistance D the pov-er supply operates in CC mode 3t paint 4.
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Table 3-1.

Controls and Indicators

Number Cantrals/Indicators Dascription Paragraph
1 LCL Pushbutton Returns unit to local control (unless local 3-73-3-76,3-94
lockout has been received via HP-|B), In local,
power supply remains subject to remotely pro-
grammed soft limits and delays. When held in
for ong second, LCL causes HP-1B address to
be displayed for up to two seconds or until -
LCL switch s released.
2 HP-IB Status Indicators AMT (green) Indicates that power supply 3-68, 3-74
is under remote (HP-IB) «ontrol.
These four LEDs indicate the ‘
status of the power LSN (green) indicates the* power supply 379
supply =2 the HP-IB, {s addressed to |isten,
TLK (green} indicates that power supply Is 379
addressed to talk.
SRAQ (gresn) indicates that power supply s 3-80-3-83
raquesting service from contraller. :
3 Power Suppiy Status CV (green) indicates that the power supply Is 3-17d
indicators {Primary} regulating its output at a r.onstant volage.
These four LEDs indicate the CC igreen) Indicates that the powsr supply is 317
operating state of the power regulating fts output at a constant current.
supply, Usually only one LED
is on, but both CV and CC OVERRANGE {yellow) indicates that the power 3-10—3 11,3-68
can ke on tagether if unit supply Is operating beyond its maximum
is operating at crossover output povser specification and that the
point between CV and CC. output is not regulated.
DISABLED (yellow) indicates that the power 3-59
supply output has been turned off for one of
these reasons:
a. command fram controller
b. overvoltage pratection
¢. avertemperature protection
d. foldback protaction
e. low or high ac input voltage '
4 Power Supply Status OV (yellow) [ndicates that the overvoltage 3-17g, 3-60
indizators (Secandary) protection circuit has disabled the output and
is latched.
These vour LEDs Indicate the
state of protectiva clrcuits QT lyellow) inidcates that the overtemperature 3.61
within the power supply. protection clrcuit has disabled the output,
FOLDBACK {ysllow) indicates that the foldback 3.26--3-39,
protection clrcuit has disabled the ouiput and 3-63, 3-145
is latched.
ERROR {yellow) indicates that the power 3-171,1,3-64
supply has detected a programming error. 3-183—3-185 J

3-2
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Tallo 31, Contrels end Indicatars (continued)

Centrols/Indjcators

DRescription

Paragroph

If user attempts to exceed saoft limits locally
{using RPG), ERROR will light while RPG Is
beaing rotated and will ramaln on for appraox-
fmately 1 secand 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
automatlcslly positioned decimal palnt that

1inarlly indicate output VOLTS and AMPS
v Itemz 6 & 7}, When power supply Is
tumed on all segments light for approximately
1 secand. During an error condition, powar
supply output may axceed display range;
displays will indicate +0OL or ~OL.

3-13—3-16,
3-17b-1,3-94

DISPLAYS SETTINGS
Pushbutton Switch

Causes numeric displays to Indicate
pragrammed voltage and current values, rather
than actual output values; allows both settings
1o be made without the necessity of opening or
shorting load.

3-17b, d, |,
3-67

DISPLAY OVP
Pushbuttnn Switch

Causes VOLTS display to indicate OVP trip
voltage, AMPS display Is blanked; alfows set-
ting to be made without changing output set-
tings or load connections,

3-33

OUVPUT ADJUST
Controls

CUTPUT ADJUST knab functions either as a
voltage control or a current control, as deter-
mined by the pushbutton switch and Indicated
by whichaver {green} indicator, VOLTAGE or
CURRENT is on. Knab functions as a two-
spead device; faster rotation causes greater
rate of change per rotation. QUTPUT ADJUST
controls operate only when unit is under locsl
cantrol.

3-17d.1,3-66

FOLDBACK Control

The pushbutton switch toggles foldback pro-
tection on and off in local operation; has no
erfect if power supply is not in CV or CC (ER-
ROR LED fiashes), or in remote. Switch also
rasats foldback protection circult If it has
disabled power supply output. FOLDBACK
ENABLED LED (green) operates in either local
or remate,

3-63,3-68e,
372

OVP ADJUST

The recessed, single-turn screwdriver contral
sets the overvoltage protection trip valtage.

3-33

LINE Switch

Turns ac power on and off.

3-17a

3-3
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Figura 3-3. Qverrange Operation

3-10  Forload resistances between B and C, the operating
point will be oh the maximum output-power boundary between
paints 2 and 3, and the OVERANGE LED will be on. The VOLTS
and AMPS displays will Indicate the voltage and current being
supplled to the output. {The product of the two readings will
axceed rated output power of the supply.) Note that the ac-
tual boundary Is beyond tha spacitied minimum boundary. The
QVERRANGE LED will light anly if the actval boundary Is
exceeded.

an The supply can operate In the overrange reglon for sus-
tained perlods without being damaged, However, the supply
is not guaranteed ta meot specifications i overrange, Output
ripple increases substant'ally and regulation Is serlously
degraded. !

NOTE .

Under certsin conditions of line &r.d foad, it is
passible for the suppiy to provide mare than rited
cutput power and £till niaintain regulatcn. If this
occurs, the unit will operate normelly and the
OVERRANGE Indicator will be off. Howeaver, the
elightast change in either line or load may cause
the unit 1o go out of regulation. Operation of the
untit bayond the rated-output-power boundary Is
not recommended under any circumstances.

= ral i o
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312 TURN-ON CHECKOUT PROCEDURE

3-13 The powar supply performs a serles of self tasts each
tima vower [s turned on. All front-pane! LEDs, including
all meter segments, are also turned an. The tests take approx-
jmately one second to complete, and a!l indicators remain on
while the tests are running. This alerts the operatar that self
tests are running, and allows the operator to note [f any In-
dicatars gre inoperative.

3-14  After the self tests are completed all front-panel In-
dicatars are turned off for ane-half second, allowing the operator
i0 pate [f any are stuck on. if the oparator suspects that any
indicetar may be malfunctianing he should turn power off and
back on again wiille abservirg that indicator,

3-16 Once the all-indicators-off perlod Is over, the HP-1b
address switch setting |s displayed on the meter displeys for
one second. Far example, if the address switches were set for
address b, the display would be:

Adrb

3-16  }f the unit fails any of the self tests, an error cods is
displayed on the meter disptays. The unit will not re-
spand to any commands, either from the front panel or HP-IB,
and [t should be removed for service,

NOTE

Because the pawer supply Is testing itself, it fs
not possible to guarantee that the unit will pro-
vide an unambiguous indication of olf possible
faltures. For example, a failure In the core of the
microcomputer ar In the hardware used to fight
the frent-panel display may grevent the unit from
Indicating that it has falled a test. Refer to the
troubleshooting procedures In Section Vif there
Is any reason to suspect that the unit may be
malifunctioning.

3-17 Tha fallowing procedure ensures that the unit Is opera-
tioncl, and may be used as an incoming inspection check. 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 Fiqure 3-4, and that
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Flgure 3-4. Factory Settings, Mode Switch
and Sensing Leads
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the sensing Jumpers are tightened securely, Chack that the reur-
panel label indicates that the unlt Is set for the line valtage to
be used. There should be nb cables connected to the rear panel
HP-IB connector, Chack that the recessed OVP ADJUST can-
trol oh the frant panel s fully clockwlise. The HP-IB address
switches may he set to eny address from 0 to 30 for this
procedure,

4. Press top of LINE ricker switch to turn unit on, Fan
should aperate, Check that display shows HP-18 pddress
sat by rear-panal switches, After address display, CUR-
RENT Indicater should remain on and elther CV or CC
indlcator should rempin on. (SRQ indicator will remain
on [f rear-panel PON SRQ switch has been set to 1.)

Press momentary-cartact DISPLAY SETTINGS pushbut-
ton switch and check that VOLTS display indicates 0,00
and AMPS display Indicates 0,03,

¢. Press mamentary-contact DISPLAY OVP pushhutton
switch and check that VOLTS display indicates 65 £2V,

Turn QUTPUT ADJUST kncb clockwise, press DISPLAY
SETTINGS switch, ind check that AMPS seiting has in-
creased. CV Indicatar should be oun ang CC indicator
should bs off,

Presy momenlnry-cr;ntact OQUTPUT ADJUST pushbut-
ton switch once; VOLTAGE indicator should turn on and
CURRENT indlcator should turn off.

f. Turn OUTFUT ADJUST knob clockwise snd check that
autput voltags Increiises from zero to full cutput valtage
as Indicated on VOLTY display. Continued clockwise rota-
tlon may cause VOLTS display to indicata + OL, end ER-
ROR Indicator will light {turns off ane second after
clockwise rotation stops),

o

a

e

-

g. Check overoitage protectior circuit by turning QVP AD-
JUST control cnunterclockw.se until OVP circuit trigs.

il HM\ Gl Il .||i||||||| ll, 11

Qutput should drop to O V, CV indicctor turns off, and -

DISABLED and OV Indicators turn on {SRQ &nd
VOLTAGE indicators remaln ors.

h. Reset OVP circult by turning OVP £DJUST control fully
clackwise and turning unit off and back an. Quiput
~voltage should come on at 0 volts.

i. Tocheck canstant current circult, tuen power supply off
and connect a wire LAWGH#16, 1 mm2 or larger) across
+ and - terminals an rear panel.

[. Turn power supply an and press QUTPUT ADJUST
switch once to turn on VOLTAGE indicatar. Turn QUT-
PUT ADJUST knab clackwise, press DISPLAY SET-
TINGS switch, end check that VOLTS setting has in-
creased. CC indicator should be an and CV Indicator
should be off,

Press; OUTPUT ADJUST switch once: CURRENT in-
dicator should turn on and VOLTAGE Indicator should
turn off,

I, Turn QUTPUT ADJUST knob clockwise and check that
output current increases from zero to fuil output cutrent
as Indicated on AMPS display. Continued clockwlise rota-

=
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tion may causs AMPS display ta indicate + OL, and ER-
ROR indicator light {turns off one secand after clockwise
rotation stops).

m. Turn off power supply, remove shart fram output, and
read following instruclions hefore connecting load to

supply.

INITIAL SETUP AND
INTERCONNECTIONS

Turn off input ac power hefore changing any rear-

panef connection and make certain all wires and
straps are properly connected and terminal block
screws are securely tightened before reapplying
power. Be certain to replace hoth terminal block
cover befare reapplying power,

3-18

3-19  Connecting the Load
320 Load connections to the power supply are made at
the +and —terminals on the rear panel. Two factors must he
considered when selecting wire size for load connections, con-
ducter temperature and vaoltage drop,

3-21 To satisfy safety raqulirements, the wires to the load
thould be ot least heavy enough not to overheot while carry-
ing the power supply cutput current that would flow if the load
were shorted. Stranded AWGH18 copper wire 1 mm? crass-
section area) s rated for 13,6 amps ot 105°C conductor
temperature, {The maximum allowable conductor temperature
Is hased on + 60°C ambient temperaturs plus 46°C temperature
rise because of continuous de current). This rating is based an
use of a twisted pair to cannect the foad to the supply, ¥ the
wire insulation s rated for less than 106°C or if the wires are
located such that heat build up s a foctor, larger wire sizes must
be used. The minimum load wire size is AWG #16 (1mm?),

322 The wires must be properly terminated with connec-
ters securely attached. Do not connect unterminated wires to
the power supply.

323 The minlmum wire size required to prevent overheating
will not usually be large enough to provide s good voltage
regulation at the load. For praper regulstion the load wires
should be farge enough to limit the valtage drop t9 no mare
tnan 0.6 valts per lead. Table 3-2 lists resistivity for varlous wire
sizes and the maximum lengths that may be us:d to limit voltage
drop to 0.6 volts for various currents, Lengths are given In
metres and (feet).

3-24  To determine maximum lengths {in metres or feet) for
currents not lfsted, use the formula:

maximum length = 560
" current x resistivity
where current is expressed In amps and reslstivity 's expressed
in ohms/kilometer or ohms/1000 feet, if load regulation Is

critical, use remote veltage sensing (parageaph 3-40),

VIR




WARNING i

Remember while calculating load wire size that
the wire must be large enough not to overheast
while carrying the current that would flow f the
load wers shortad,

3-26'  Table 3-3lists current-carrying capacity (ampacity} far
various sizes of stranded copper wire.

326  The torminal biocks are protacted by impact-resistant
plastic covars, which are socured to the unit with two M4 x
B screws each. Be cartaln to replace the covers after making

‘connections.

3-27 | multiple loads are cannected 1o one supply, each

loye should be connected to the suprly’s output tarminals

using separate palrs of connecting wires, Th s minimizes mutual

coupling effects and takes full udvantage o the supply’s low

output impedance. Each palr of connecting wires should be as
short as possibla and twisted or s1ielded to reduce nolse plckup
and radiation,

328  [fload consideratinns require the use of ournut distribu-
tion terminals that are located remately fram the supply, then
the power supply output terminals should be cannagtad to the
remaote distribution terminals by 4 pair of twisted or shielded
wires and each load should be spparately connected to the
remote distibution terminals., Remote voltage sensing s re-
quired under thesa circumsmncaslp'?mgraph 3-40), Sense either
at the remote distribution terminals, or {if anv lgad Is mare sen-
sitive than the othars) drantly at the most critical load,

i

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

1
Wire Size Rosistivity l Maximum I angth In Aetres [Feet)To Limit
Crons- Voitage Drop To 0,6V Or Loss
Sectlon
Ares
AWG | In mm? 0/kit n/km BA 1A 20A 30A
22 16.16 (6) {3) {1.6) i1)
05 40,1 2,6 1.2 0,6 0.4
20 10.16 {9.6) {4.6) (2) {1.6)
0,75 26,7 3,7 1,9 0,9 0,8
18 6,388 {15.5) {7.5) {3.5) {2,6)
1 20,0 6,0 2,6 1,3 0,8
16 4,018 . {24.5) {12) {6) {4
1,6 13,7 7,3 3,6 18 1,2
14 2.62€ {33,6) {19.6) (9.6} {6.5
26 8,21 12,2 6,1 3,0 2,0
12 1,689 (62.6) {31) {16,6} - (10.6)
4 5,09 18,6 9,8 4,9 33
10 0.9994 {100) {50) (26} 17
6 3,39 29 14,7 74 4,9
8 0.6286 {152) (79) {39.5) {27}
10 1,95 b1 : R 12,8 8,5
6 0.3953 (252) (126) (63) (4)
16 1.24 B0 - AQ 2 13,4
4 (,2486 {402) {201) (100) {68}
25 0,785 126 62 K3 20
2 0.1664 1639) (319) {169) {108)
i 35 0,665 176 88 4 2
B0 0,393 264 127 63 42
0 0,09832 (1020 {609) (254) (73)
, Wire sizes of AWG #14 (2,6mm?) or smaller are normally used only for sense leads,
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Table 3-3. Stranded Copper Wire Ampacity

Wira Slze
_ Cross Section
_AWG ~ Area in mm? Ampucity
22 5.0
20 1 8.33
0,76 ! 10
8 15.4
1 13.6
16 19.4
1,6 1f,
14 31.2
2,6 25
12 40
4 32
10 [
6 40
B 76
10 63
6 100
4 135
2 180
0 245

NOTES:

1. Ratings for AWG-sized wires are
derived from MIL-W-E088B.
Ratings for metric-sized wires are
derlved from IEC Publication 335-3.

7. Ampacity of aluminum wire is
approximately BA% of that listed

for copper wira.

3. When two or more wires are hundled
topether, ampar-ity for cach wire
must be red.ced to the following
percentoges:

2 canductors 94%
3 conductors 89%
4 conductars 83%
6 conductore 76%

4, Maximum temperatures: Ambient, B5°C;
Conductor, 105°C

3-29 Either positive or negative voltages can be obtained
‘rom the supply by grounding one of the output terminals, It
is best to avold grounding the output at any paint other than
the power supply output terminals to avald 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 graund the system at more than one point. This sup-
ply can ba operated with either output terminal up to + 240 volts
dc {including output voltage) from ground.

3-30 The PARD specitications in Table 1-1 apply at the
power supply output terminals. However, naise splkes
induced in the load leads at or near the lead may affect the
load elthaugh the spikes are inductively isclated from the power
supply. To minimize voltage splkes at the load, cannect & bypass
capacttor as shawn in Figure 3-B. With this setup, peak-to-peak
nolse at the load can actually be reduced to a level well below
the value specified ot the power supply output terminals.
3-31 Overvoltage Protection {OVP)

3-32 The overvaltage trip point 's adjusted at the frant panel.
The approximate trip voltage range Is from zero volts to 65 volts,
When the OVP circult trips, the power supply output is
disabled and dellvers no output power, and the OVP and
DISABLED indicatars turn on.

3-33 Adjustment. OVP Is set by the recessed single-turn
OVP ADJUST potentiometer on the front panel. Rotating the
control clockwise sets the trip voltage higher. (It [s set to

~N - aVlae
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maximum at the tactory,} When adjusting the QVP trip point,
the passibility of false tripping must be considered. If the trip
voltag is set too close to the supply’s operating valtage, a tran-
sfent In the output would falsely trip the OVP, For this reason
itis recommended that the OVP trip voltege 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 pushbutton [n.
. Insert o small-hlade screwdriver through hole in front panr - -
and adjust QVP trip voltage to desired level. '

POWER  SUPPLY
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‘Flguvre 3-6. Connecting a Bypass Capacitor
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34 QVP Raset, Toieset QVP locally, turn the LINE switch
off and then back on, OVP con olso be reset via HP-IB by
sending RST. The cause of tl.e overvoltage muat be removed
before the OVP clrcult is resat ar the cirocuit will trip again
Immedlately. If the QVP circuit trips continuously check tha load
ond tha trip valiags,

3-35 Foldback Protection

3-36 In same applications either CV or CC mode may be
regarded as an esror condition, The foldback protection feature
protects sensitive loads by disabling the power supply output
if the unit switches o the prohiblted made,

3-37 In focal contral, foldback protection 's togaled on or
off by the F .LDBACK pushtiutton switch, The ouput will be

. disabled if tha powaer supply swilches from whichever maode

{CV or CC} Iis In operation when foldback Is enabled to the other
mada, In peddition to turning foldback protection on and off,
the FOLC, K pushbutton switch elso resets the foldback pro-
testion chsult if [t has tripped, The conditions which caused
foldback should be corrected before the circuit Is reset, or the
foldback protection ¢lrcult wilt trip again after reset. 7o turn
off foldb.: i protection If the fuldback protection circult has
tripped, press the FOLDBACK switch twice In rapid succes-
sinn, once to reset the foldback protection circult and the se-
cund time 10 turn off foldback protection,

3-38 The green FOLDBACK ENABLED LED lights to in-
dicate that foldback protection (s ennbled; the yellow
FOLDBACK LED lights to indicate that the foldback pratection
cireult has tripped. Mote the ERRGQR will Iight If an attempt 15
made to turn on foldback protection while the power supply
Is not in CV or CC mocs.

3-39 When enablad via HP-I8 foldback protection can be
enabled for either mode, regardiess of the operating state of
the power supply when tha command’ls recelved.

3-40 Remote Voltage Sensing

341 Because of the unavoldable voltage drop deveicizd
fn the load leads, the strapping pattarn shown In Figure 3-4 wiii
not provide the best possible voltage regulation at the load, The
remate sensing conngctions shown In Figure 3-6 improve the
voltege regulation at the load by monitaring the voltage there
fnstead of at the supply’s output terminals. Remote sensing
allows the pawer supply to automaticplly increase the output
voltage and compensate for the voltage drops in the load leads.
This improves the voltage regulation ot tha 'oad, and is especially
useful for CV cperation with lgads that vary and have signifl-
cant load-lead resistance. Noto that with remote sensing,
voltage readback is at the [oad. Ramote sensing has no effect
during CC operatian. When using remaote sensing, turr off the
pewer supply befcre changing the rear-panel straps, sense
leads, or load leads, Connect the unit for remote voltage sens-
ing by connecting load leads from + QUT and ~ OUT tarminals
to the load, discannecting straps between +Qut and + S and
between —Qutand -5, snd connect/ng sense leads from the
+5 and -S terminals to tire load as shown In Figure 3-6.
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NOTE

Sensing Is indopandent of ather powsr supply
funations; efther local ar remate sensing can be
used regardless of how the power supply Is
programmed,

PORER SLFFLY

LOAD

Figure 3-6. Remote Voltage Sensing

342  Theload leads should be of the haaviest practical wire
gauge, ot least heavy enough to limlit the voltage drop in each
lead to 0.5 volts. The power supply has beer desfgned lo
minimize the effects of lonp load-lead inductance, but best
results will be abtoined by usl 1g the shortest load leads practical,

NOTE

Remote voltage sensing compensates for a
voitage drop of up to 0.6 V in each lead, and thers
maybeup to a 0.12 V drop between the -output
terminal and the iInternal sensing resistor, at
which pofnt the ‘OVP circuit Is connected.
Therefore, the voftage sensed by the OVP circult
could be as much as 1.12 V more thar; the voltage
velng regulated at the load. It may be necessary
to readfust the OVP trip voltage when using
remote sensing.

3-43  Bacause the sensing leads carry only a few
milliamperes, the wires used for sensing can be much lighter
than the load Jeads. Each sense lead should have no more than
0.2 ahms resistance, Use the resistivity columns in Tahle 3-2
to determine the minimum wire size for the fength of sense leads
being used, The sense lezds should be a shielded, twisted pair
to minimize the pickup of external nulse. Any nolse picked up
on the sensing leads will eppear at the supply’s output, and
CV load regulation may be adversely affected. The shield should
be grounded at the power supply ¢nd only, and should not he
used as one of the sensing conductors, The sensing leads
should be cannected as close to the load ps possible,
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3-44 if alightly degraded CV load regulation can be tolerated,
the power supply will nrovide remote valtage sensing with up

" ' ta 2 Vde urop [n euch load fead and ath more tha 0.2 ohms

resistance In each sense lead, As the voltage drop in tha load
leadls increases, tho load voltege error due to saense-lead
res/stance Increases according to the formula:

) {2Rs +0.6) VI
: 1000

. whare Rs Is tha resistance In chms af each sense lead and VI
'l the voltage drop In each load lead, For example, If the

resistance In each sense lead is 1 ochm and the voltage drop
In each load letd s 2 Vde, the Joad voltage is ahour {2(1)
+0,5612/1000 = 1,25 mVdc less than with zero sense-lead
resistance,

3-45 The sensing leads are part of the supply’s program-
ming cfrcuits so they should bc cannected in such a way as
to make [t uniikely that they might Inadvertently became open
circulted, If the sense ieads open durhig operation, the voltage
at the load may rise ahove 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 +8 lead
opens, the output voltage fncreases about 4%
and /s sensed between tha +QUT terminal and
the negativit side of the lead. If the — S lead
opens tha output voltage Increases abeut 1% and
Is sansed batween the positive side of the load
and —OUT, If beth sense feads open, the out-
put valtage increases ahout 4,8% and Is sensed
locally.

3-46 Mode Switches

3-47 Table 3-4 shows six switches an the rear panel that
configure the powr supply for digital programming (elther HP-
I8 or front-panei RPG) or analog programming {resistance or
voltage). {Note that front panel programming s digital; the RPG
produces pulses that are manitored by the microprocessar,
which then raises or luwers the digital Input to the DACs that
control the power supply output.) Table 3-4 shovss the proper
switch settings for each programming mode. When shipped
from the factery the switches are set for HP-1B/front-panel-

Table 7 4, Made Switchos

Programming Mode
Mode
Switches HPIBIRPE Voltage Resistancs
B6 0 0 1
cv .Bb 0 0 0
Clrcuits B4 ] 0 0
B3 0 0 1
cc B2 0 0 0
Circuits B1 1 0 0
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RPG programming, which Is the warmal operating mede for this
power supply. The two aralog programming modes are
avollable for use in spocial circumstances,

348  Typlcally, only ana programming mode is used for both
output parameters {voltage and current), Howaeve:, the mode
switches sllow valtage and current to be prortammed In-
dependrntly, For example, voltage could be programmed
digitally, cither via HP-IB or front panel, while current is
resistance progrmmmed. Nota that only one programming mode
can be used for each parameter at one time. {Far example, it
is not permissible to superimpose an analog proyramming
valtage on the digltal pragramming sighal, To do 59 vould cause
programminrg errors,)

3-49 HP-IB

3-60  Connectlons between the power supply and the HP-
IB are made vis the HP-IB cor: -ctor on the rear panel, Flgure
3-7 shows the signals at ach of the HP-IB connactor pins, The
HP-IB connectors tabla ir 'Section 1 lists cables and cable ac-
cessorles that are avallable 1tom HP, The HP-IB connector uses
metric threads, which are colored black. Cables mapufocturmd
prior to 1976 have non-metric fasteners, which are colored sliver.
Do not attempt to mate non-metric {silver} fasteners with
mettic (black) fasteners (see nccessaries table for conversion
kitl,
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Figure 3-7. HP-IB Connector

357  An HP-IB system may be connected together in any
configuration (star, linear or combination) as long as the
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3.56

following rules ore followed:

i, The total number of dovices is no more than 15,

2. The total length of all the cables used I3 no mare than
two motres times the number of daevices connectad
tagether, up to an absolute mbximum of 20 metres. {The
length between adjacent davices is not critical es long
as tha total accumulated cahle length s no more than
the maximum allowed,)

NOTE J

IEEE Std 488- 13978 states that caution should be
taken If individual cable length exceeds 4m.

352 It is recammended that no more than three connec-
tor blacks ba stacked togsther, as the resultant levarage can
axert excessive forca on the mounting panels. Be certsin that
gll connectors are full seated and that the lock screws are firm-
ly fingor tightened, Do not usae a scrawdriver. The screwdriver
slots In the lock screws are provided for removal only,

3-83  Paragraph 3-76 provides information for cperating tha
power supply in an HP-IB system, The Tutorial Description of
the Hawlett-Packard Interface Bus and other documents listed

- In Sectlon 1 provide additionai Information that may be helpful

when designing on HP-|B system,
3-64 Monitor Signals

3.-66  Amplified and butfered voltage and current monitor
ontput signals are avalleble ot the rear-panel terminal strip.
These signals can be connected to remote maters to Indicate
output voltage and current. The signals vary from 0 to b valts
to Indicate a zero to full-scale cutput, Both monitor-output ter-
minals are referanced to the manitar-cammen terminal, Qut-
put impedance of the monitor terminats s 10.2k + 6% & load
of 1 megohm will maintain 1% reading occuracy.
|

|
Protective Circults

267 Protective circuits within the pawer supply may fimit
or turn off the output [n case of abnormal conditions, The cause
of the protective action can be determined by observing the
front panel indicators {lights and metars), !

|
358  Cvaerrange, If an overrange condition exists {load tries
to draw mare power than the supply can daliver), the OVER-
RANGE Indicator twins on and both the CV and CC indicators
ere off. The product of the VOLTS and AMPS display will ex-
teed the maximum output power of the supply. |

3589  Disablad. if the power supply output s disabld, either
by a command from HP-I8 or by protective circuits within the
power supply, the power supply cutput drops to zerojand tha
DISABLED Indicator turns on. The power supply!can be
disabled by overvoltage, overtamperature, or foldback (itgicated
by front-panel LEDs), by low or high a¢ line (mains) voltage,
or by command from the controller {see Parograph ?—141).

360 Cvorvoltage. If the voltage across the power supply

T :
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output terminels rises above a prasat leval, possibly hecause
of o hardware malfunctian. the overvoltage pratection (OVF)
clreuit will trip. If this oscurs, the power supply will be
disabled and the OV Indicator turred an. To reset the OVP clr-
cult, first ensure that the co hdltlon that caused the overvoltage
fs corrected, Then tutn the' power supply off and back on, or
rasat QVP via the HP-IB.

3.81  Qvertemperatura; if tha overtemperatura protaction
clrcult trips, the power supply will he disabled and the OT in-
dicator turned on. The orsnampurntum clreult will reset
automatically and the powaer tupply output wil be restored when
the temuperature drops sufﬂc[enuy for safe operation.

362 ACLina Qver/Undar \!cl:nge. if the uc line Imains}
input voltage increases or decreases bayand 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 proteciion is enabled
{FOLDBACK ENABLED LED o1 and the power supply
switches to the prohiblted made {3V or CC), the power supply
output will be disabled and the FDLDBACK ‘ndlcator turmned
on, Press the FOLDBAZK pushhutton switch to reset the
foldback protection circult &nd restare the power supply out-
put. Unlass the conditions {wyltage saning, current setting, load
resistance) that coused foldback ere changed, the circult wil
trip egain when the output Is restored. Pressing the FOLDBACK
switch quickly o secand timu} after resetting foldback will turn
off foldback protection if dusimd.

364  Error, If tha power supply luceives an lyvelid command
{syntax etror, out of range), sither focally or via HP-IB, the ER-
ROR Indicator tumns an. The power supply ignores the invalid
command and remafns ot previously set values, If the error was
an attempt to exceed guiput IImits'ustng the front-panel QUT-
PUT ADJUST control (RPG), ERROR will turn off one second
after RPG rotatlon stops,

365 LOCAL OPERATION

3-66  The power supply Is configurad for locel operatian
when thae unitls turned on. Qutpuz voliage end current are both
set to 2aro, ond the QUTPUT AJDUST knob s configured to
adjust output ctirrent (CURRENT [ndicator s on), Pressing the
QUTPUT ADJUST pushbutton switch alternately configures
the QUTPUT ADJUST knaob to adjust autput voltage end cur-
rent, as Indicated by the VOLTAGE and CURRENT Indicators.
Note that the QUTPUT ADJUST knab to adjust output voltage
the OUTPUT ADJUST knob will vary whichever output
parametar, veltage or currant, is indicoted by the VOLTAGE
and CURRENT indicntors, even when the othe; parameter Is
limiting the cutput,

3-67 By pressing the DISPLAY SETTINGS pushbutton
switch the oparator can observa the setting {limits) af both nut-
put parameters, rather than the actual output vafues. This allows
the operatar to set the currant limit when the power supply Is
operating in CV made, or sat the valtage limit while in CC mede,
without the necessity of disconnecting or adjusting the load,
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368  When the ower supply is under ramote control {(RMT
indicator on), nelther the VOLTAGE or CURRENT indteator |s
on and the QUTPUT ADJUSJI’ knob has no effect,

369 Constant Voltage QOperation

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

operation;

a. With power supply turnad off, connact load to outpt
terminals,

Turn on power supply, Ensure that CURRENT indicator

s on, hold DISPLAY SETTINGS pushbutton switch in,

and rotate OUTPUT ADJUST kneb 1o 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 sat OVP

ADJUST potentiometer for desirad OVP trip voltage.

it foldback protection Is desired, press FOLDBACGK

pushbutton switch to anable this feature.

f. If aload change causes the current imit to be exceeded,
the pawer supply automatically crasses over to constant
current eperation and the output voltage drops prapor-
tionatsly, If foldbark protection {5 anabled, made
crassover causes the power supply output to be
disabled. In setting the current limit, make adequate
ellowance for high current peaks that could caure un-
wanted made crossover.

b

c

L

e

t
371 Constant Cu ;ent O;mratlon\l

3-72  To set up the power supply far constant current
operation:

a, With power supply turned off, connect load to output
terminals,
Turn on power supply. Press OUTPUT ADJUST
pushbutton switch ance so that VOLTAGE Indicator turns
on, hald DISPLAY SETTINGS pushbutuan switch In, and

b

rotate OUTPUT ADJUST knab ta set Jesired voltage °

+ linit,

Press QUTPUT ADJUST switch once so that QUTPUT

ADJUST krob controls current, and adjust output cur-

rant to desirec lavel,

Hold in DISPLAY OVP pushiutton switch and set OVP

ADJUST potentinmeter for deslred OVP trip voltage. In

CC modu the valtage setting will limit autput voltage

under quiescent conditions, and the OVP clrcuit provides

added protection egainst hardwara faufts,

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

f. if 8 load change causes the voltage limit to be exceed-
ed, the power supply automatically crosses over to con-
stant voltage operation and the cutput current drops pro-
vortianately. If fokiback protection Is enabled, mode
cruzsaver causes theo power supply output to be disabl-
ed. In sstting the voltage limit, make adequate allowance
for voltage pecks that could cause unwented mode
crassovar,

c

e
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3-73  Return to Local

3-74  If the puwer supply 15 under remote control [RMT In-
dicatur nn) and lacal lockout has not been sent (see Paragraph
3-88), pressing the LCL pushkutton switch will return the unit
to focal {frant panel} control. Holding the LCL switch in will
pravent the pawer supply from returning to remcte sontrol for
as lang as th 4 LCL switch (s held in or until local lockaut I5 sent.

3-76 If the power supply has been disabled via HP.IB
{DISABLED Indlcator on}, the LCL switch will not restare the
output. The only way to eliminate disable lacally is to turn the
LINE switch off and then back on, The QUTPUT ADJUST can-
trols continue 1o operate In local control even if the power supply
Is disabled,

NOTE

Once the soft limits have been set by the cantroller
via HP-18, the OUTPUT ADJUST knob cannot ob-
tain an output shove these limits. This condition
is true for hoth local and HP-1B control,

3-76 HP-IB OPERATION
3-77 Inteitace Functions

3-78  The power supply implements the following HP-1B in-
terface functions, which are defined by IEEE standard 448;

SH1 (Source Handshake)
AH1 {Acceptor Hanrishake)
T1 (Talker)

L1 iListener)

SR1 (Service Request)

RL1 {Remote Local)

PP1 {Parallel Poll)

DC1 (Davice Clear)

DT1 1Device Trigger)

3-79 Multiline Message Control Functions, The Accep-
tor Handshake, Source Handshake, Listener, and Talker func-
tions are implemented by the interface circuits of the power
supply and the cuntroller and require no action by the usar, The
LSN or TLK Indicators turn an when the power supply is ad-
dressed to listen or talk. {The talker function includes seriat polt,
see paragraph 3-84.)

380  Service Request. Service request s a upiline meszage
that can be asserted by the power supply to interrupt the con-
troller, Service request can be genarated by a pewer supply
fault condition. The operator defines which of eight power
supply conditions are defined as faults, Enabling or disabling
a condition from asserting service request does nor affect the
condition within the power supply, nor does it atfect the front-
panel status indicators. Paragraphs 3-168 through 3-178 pro-
vide Instructions for unmasking service request capabllity.

Jd TP 1 10000 A P AP B 1 PO Tl o e A




. W@ v LENC T | s et

8 A service request can also be generaled at power on power supply cornected to the HP-1B, not other power sup-
& {PON]}, depending on the setting of the rear-penel PCN SRCG phes that may be slavad to the HP-1B connected unit.
¥ switch. Therefere, with PON SRQ enabled, if a momentary
_ power dropout causes the power supply memaory to lose its pro 3-85 Paraile! Poll. Paraliel poll rllaws the controller to
z grammed values, PON alerts the operator that the power supply recaive one hit of data frem each of many or all Insiruments
- has been initialized (see Paragraph 3-100}, on the bus at the same time, In Hewlett-Packard power sup-
- plies this bit. corresponds to bit 6, the RQS bit, of the serial poll
: 3.82  If the power supply falls self test at power an it will ! register, Because the cantroller can recelve this bit from at least
) not raspond to serial poll or any other commands on HP-IB, eight instruments at one time, the controller can determine
The user should nclude a time-out In his prograin after which gulckly which of 2 number of instruments on the bus requasted
the contraller will not walt for the power supply to respend. service. The controller can then auery that instrument to deter-
If the time-out occurs, the power supply can be pssumead to mine the cause of the service request. Parallel poll does not
be malfunctioning and should be removed for service, reset the service request bit in the power supply. The pawer
supply’s respense to parallel pall can be configured remotely
383  Tha SRQindicator turns on whenever the power sup- frum the contraller, or it can be configured locally.
ply is requesting service from the contrailer, and remains on
until the centialler conducts a seri pol), & arial poll resets the
SRA bit and wms off the S]Q indicator, regardless of whether NOTE ,
the fault that ceused service request continues to exist.
IEEE-488 toes not define what data an instru-
- 3.84  Serlal Poll. In a earial poll the coptroller polls each ment should put on tho bus in response to
Y device or the bus, ¢ e ot 2 time, The power supply responds paralfel poll, Many Instruments, such as
B by placing the contents of the eight-bit serial poll register on Hewlett-Packard power supplies, indicate the
= the HP-IB data lines. Table 3-6 defines aach of the bits in the , state of their RAS bit, but the operator should
. serlat poll register and definus what ceuses each bit 1o be set not assume that all instruments on the bus
- and reset, Bit pasitiuns O through 7 are placed on DIO lines 1 respond to parallel poll with their RQE. bit,
- through 8. Note that the serial poll register represents only the
a
: Table 3-6. Serial Poll Register
2 i
- Bit Position 7 6 & 4 | 3 2 1 0
. Bit Welght 128 64 32 16 8 4 2 1
Condition - RQS ERR RDY PON FAU
N RQS  Requesting Service
) ERK  Remote Prograinming Error
: RDY  Ready to Process Commands
[y PON Power On Heset
FAU Fault Condition

)

(")

RQS |s set when power supply generates a service request, and is reset immediately after a seria} 1 ' is conductea.

ERR fallows ERR Lit In Status Register, which is set whenever power .‘supply detects a ramote programming error,
- ERR Is reset by ERR? query.

RDY Is set whenever power supply finishes processing a command, and is reset when power supply starts to process
a new command, Note that power supp'y input buffer can accept new commands via HP-IB even while unit .5 busy
pracessing previously received commands,

PON Is set when ac input power Is turned on ond s reset by CLR command or Device Clear inteiface message. PON
is set In serial poll register regardless of whether PON SRQ is enabled by rear-panel switch,

Ewyaiom 11

FAU is set when any bit s set In Fault Register and is reset by FAULf? query. ,'i

- 312
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3-86  Unless configured remotely, the power supply
responds to 3 parallel poll with a **1”" on one of the DIO lines
{if requesting service), as detarmined by the setting of its ad-
dress switches, Addresses 0 through 7 correspond to RIO lines
1 through 8 {decimal weight 29 thraugh 27). If the address swit-
ches ai. set to 8 or higher, the power supply will not
respond to a pareic! pall untess the unit is configured remote-
ly. The pcwer supply can niot return @ "'0” to indicate it was
requesting service unless it has been canfigured remotaly.

3-87 The power supply can be configured remotely to ic-
spond to a parallel pa!t with either a 1" or 0 "0 on ane of
the DI0 lines if the unit is requesting service, Configuration
statements with a decfmal value of 0 thraugh 7 will configure
the unit to respond with 8 "0 on one of the DI lines 1 through
8; decimal values of B thraugh 16 configure the unit to respond
witha " I" on one of DIQ lines 1 through 8. By canfiguring the
power supply remotely, the address switches may be set to any
address from 0 throngh 30 without affecting the parallel poll
response. The capabllity to configure either a 0" or 1"
response allows the user to AND or OR two or mere Instruments
on one DIO line.

388  Remote/Local, The remote/local function allows the
power supply to operate n efther local {front panel) or remote
{via HP-IB) contral. The user can send Local Lockcut to the
power supply via HP-IB to disable the front-panel LCL switch
anly. With Locsl Lockout, the controller determines if the unit
operates in local or remota cantrol; this enzhles the controlier
to prevent anyone else from returning the power supply to local
control.

3-82  Device Clear. Oevice Clear Is implemented in the
power supply as Clear {see Paragraph 3-180). The dilference
beniveen Clear and Device Clear is that Jevice Clear can be an
unaddressed or addressed command. Device Clear i3 tepically
used in systems to send al! devices in the system to 8 known
stat? with a single command {which could be generated by a

"panic’” button).

3-90  Davice Trigger. Device Trigger is implemented in the
power supply as Trigger (see Paragraph 3-1563). Each device
thatis to respond to Device Trigger must be wddressed. Device
Trig ger Is typically used In systems to synchronize the orera-
tior; of a number of addressed devices,

341 HP-IB Address Selection

342 The five HP-IB addrezs switches are located on the
rear panel. The HP-1B address Is set in binary, with A1 the least
significant bit and A5 the most significant bit. Figure 3-8 shows
the factory-set address ot "'6” (binary 00101). Any address from
€D 10 30 decimal {00000 to 11110 binary} is a valid HP-'B ad-
tress. The power supply will aperate on whatevrr valid address
5 set on the address switches. Address 31 will cause a sel’-
test error.

3-93  The operator should be aware that some other in-
struments on the HP-IB may Initialize at a particu'ar address
although they can be programmed subs=quently to respand to
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a different address, If the system Includes instruments with this
characteristic and they are programmed far addresses other than
thele initialized address, @ momentary input power dropout may
cause them to re-initialize their address. If anather Instrument,
such as the power supply, is hardware set to that ad--ess, the
system will not function properly. Therefore, .he system pro-
gram should be written to manitor any re-initialization. Any pra-
grammed data, such as addresses, that may have been lost will
then have to be reset.

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

3Y4 Holding the L "L switch In for one second causes the
power supply’s HP-IB address to be displayed on the front panel

- until the switch Is released or two seconds elapse,

3-95 The atidress switches are also used during
troubleshooting to select which self tests are run | 1 test mode,
i wiz power supply hos begn se siced be certan to check the
HP-IE addresz switches.

39 Note that tite *op switch In ihe six-switch package is
nat an }iP-JB address switch. Be careful 'o use the bottomn five
switcher for setting the HP-IB address, The followlng paragraph
provides Instructions for setting the top switch.

3-97 Porer-On Servics Request

3-98 The power supply ca,, request service fram the con-
traller when pawer is turned on, Power-on service requeast {PON
SRA) is enabled ur disabled by the rear-panel PON SRQ switch,
and cannot be controlled by commands via HP-1B, The service
request bit is resat by a serfal poll, regard'ess of whother set
by power-on or some other cause,

399 To enabie power-on to requast service, set the PON
SRQ switch to *1”, as shown In Figure 3-8. If enabled, PON
SRQ will request service w. en t18 power supply s turned on
or 2ny time a3 momantary Input power dropout causes the power
supply to re-initialize,
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3-100

3-t01 The power supply initializes at power on pro-
grammed with the volues listed In Tale 3-6.

Initial Conditions

., Table 3-8. Initial Conditions

Valtege 0 Volts

Cutrrent 0 Amps

QUT UT ADJUST adjusts CURRENT

conirol

OVP Trip Voltage determined hy setting of OVP
ADJUST potentiomaeter
an front panel

Soft Voltage Limit 01,425 volts

Saft Current Limit 10.2376 amps

Dalay 0.6 seconds

Foldback Protection off

Quput on

Unmask nong

Hold off

Store/Recall all storage registers loaded

with initial conditions of unit
{output on/off [s not stured)

31-102 " Programming Syntax

3-103  The following paragraphs describe how to pragram
the pawer supply via the HP-IB, These instructions concern
davice-dependent messages, such as setting output voitage.
Interfcce management messages, such as serlal poll, heve been
described previously under Paragraph 3-77, Interface Functions.

3-104 Table 3-7 lists each of the device-dependent com-
mands, the range of each parameter sent to the power supply
or the response of the power supply to a query from the con-
troller, and a bref description of each commend, Also
jnciuded is the number of the paragraph in which each com-
mand Js described mare fully. If no unit is specifiad where ap-
proptiata In data sent to the povier supply, the powsr supply
salects S.1. units (V,A,s5), Paragraphs 3-105 through 3-122 pra-
vide ganeral rules that epply to all commands.

NOTE

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

3-106 Numbers Sent to Power Supply. Numbers can be
sant to the power supply either with implicit or explicit decimal
point notgtion, and with or wtthout 8 scale factar sclentitic
natation), allowing use with contraliers having 8 wide varlety
of output formats.

|

|
3106  Mumbers wittan in implicit point notation de not con-
tain a decirhal polnt; for example, 123 Jor ona hundred twenty
three. Nunjbers written in explicit pofnt notation contain @
decimal po'nt, such as 1.23, .
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3-107 In sclentific notation the latter "'E’" stands for ''10
ralsed to'", For example, 1.23E4 would be read as 1.23 times
10%, which equals 12,300,

3-108 Plus snd minus signs are considered numeric
choracters. All numeric data fisids may contaln an optional plus
of minus sign on both the number itself and the scale factor,
sucih as +1.23E-2,

3-109 All numeric date fislds may ¢ontain leading spaces,
and embedded spaces will be accepted hetween optional signs
ond digits, digits and E, decimal puint and E, and E and op-
tional sign. The following two examples contain cne em-
bedded space in each poslition In which they are allowed:

+ 1.23E + 4 + 123, E + 4

Embedded spacas 'will not ke accepted between digits or be-
tween digits and decimal puint.

3110 At least one digit must precede E. For examyle, 1E
+4 s correct, E +4 Is incorrect. Lower case e [s treated the
same a3 upper case E.

3-111 Numbers Roturned To Controller, The format af
numbers returned to the controller depends upon the type of
dota requested, and [s given in Table 3.8,

3-112 Leading zeroes are sent as s;‘mces, except that the
first digit to the left of a decim./point Is navar sent as a space.

3-113 A" numeric data sent to the controller are preceded
by a header consisting of alpha characters that identity the
type of data, such as VOUT or ISET. The headar conslsts ¢,
upper case characters only, with no embeddad spaces. No suf-
fixes are attached to nume:ic data.

3-114  Separators For Data Sent To Power Supply.
Separators are used by the power supply to bresk up commands
into pleces, called tokens, which it can Interpret. Separation
of con jands Into tokens is accomplished either explicitly by
the insertion of separator characters or Implicitly by noting a
change from one class of input to another.

3-116 The explicit separators are commas ond spaces. An
explicit separator Is required between tokens consisting of alpha
characters, For éxample, SR ON is comrect, SRQON s not
carrect, Commas are used only to ssparate parameters in com-
mands containing mare than one parameter. UNMASK Is the
only commard far which more than ane parameter may be sent.
Only one comma Is allowed, and it may be preceded or follow-
ed by any number of spaces, For example, both these com-
mands are correct:

UNMASK CC,0R,FOLD
UNMASK CC, OR, FOLD

but this command Is incorrect:
1 UNMASK CC OR FOLD

Spaces are used in all other cases raqulring explicit separators.
Any numbar of consecutive spaces is treated as one space.
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Table 3-7. HP-IB Commands

*Range
or
**Responso
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 *0-61426 MV
ISET x *0-10.2375A Any of thase commands is used to 3-127-3-128
ISET xA program output current,
Initial Condition: 0 £
ISET xMA *0—-10237.6MA
VSET? **VSET xx.xxx Used to read voltage and cutrent 3-126, 3-129
ISET? **SET xx,xxx settings,
vouT? **VOUT xx.xxx Used to measura and read output 3-126, 3130
1ouT? *IOUT xx.xxx voltage ar current,
ove? **OVP xx.xx Causes power supply to measure OVP 313
setting (which [s hard.ware set at front
panal),
VMAX x *0-61.426V Any ¢l these commands Is used to 3-132, 3-133
VMAX xV program an upgar limit {soft limit}
. on the voltage programiming value that
VMAX xMV *0-61426MV the power supply will accept,
Initial Condition: 61.425V
W AKX *0—-10.2375A Any of these commands is used to 3-132, 34133
IMAA A program an upper limit {soft limit)
on the current programming value
IMAX xMA *0-—-10237.5MA that the power supply will accept,
Inittal Condition: 10.23754
VMAX? *PVMAX xx. xxx Used to read voltage and current 3-134
IMAX? PIMAXY, xx. xxx limits (soft limits).
DLY x- *0-—-231.999S Any of these comrands [s used to program 3-135-3-138
DLY xS the delay time after a new output voltage or
current [s implemented, or RST or QUT ON
DLY xMS '0-31939MS comenand is received. During delay time
power supply disables CV, CC, and OR
conditions from belng labeled as faults, and
disables foldback protection.
: Initial Condition: 0.6 5
DLY? **DLY xx.xxx Used to read delay time setung. 3-139
QUT QFF Enables or disables power supply 3-141-3-143
CuT 0 output. Power supply re~ gins atle to imple-
ment commands even whi'e output s
¢ disabled.
[OUT ON initfal Condition; QUT ON
QuUT 1
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Table 3-7. HP-IB Commands {continued)

Command

*Range
ar
**Rasponse

to Quary Description

Paragraph

ouT?

“*OUT Q or
**OUT 1t

Used to read QUTPUT ON/OFF setting.

3144

" (FoLD OFF

|FoLD 0

(FOLD CV
| FOLD 1

"FOLD C¢C
| FOLD 2

Enables or disables foldback protection,
which will disable power supply output
If powaer supply switches to whichever

made, CV or CC, s defined as the fold
{error) condition, Foldback pratection is
inhibited during DELAY period,

Initial Condition: FOLD OFF.

3-146-13-147

FOLD?

Y"FOLD Q or
**FOLD 1 or
**FOLD 2

Used to read FOLDBACK setting.

3-148

RST

Used 10 reset power supply if output

fs disabled by avervoltage or foldbuck
protectian circuits, Power supply resets
to present voltage and current settings
(values can he changed while unit Is
disahled),

3-149—-3-180

HOLD OFF
HOLD ¢

HOLD ON
HOLD ?

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

Initial Condition: HOLD OFF

3-161-3-168

HOLD?

**HOLD 0 or
**HOLD 1

Used to read HOLD setting.

3154

T
TRG

tUsed to implement commands that

have been sent to and held by the

power supply (power supply continues to
operate with previous values untit trigger
command |5 recelved), See HCLD com-
mand, The devica triager Interface message
parforms the same function,

3-165

STO x
RCL x

*0—-16 Cause power supply to store and

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

3.169—3-160

3-16

e e
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Toble 3-7. HP-IB Cammands (continued)

Command

*Renge
or
**Response
to Quary

Description

Poragroph

5T8?

**5TS xxx

Usad to read the contents of the

status reglster, which maintains the present
status of the power supply. Seo Toble 3-9
for o deseription of each bit in the status
registar, end the bit welght for gach
condition,

3-161-3-164

ASTS?

"TASTS xxx

Used to read the contents of the
accumulated- status register, which stores
any bit that was entered [n the status
reglster since the accumulatad-status
register was last read, regardlass of whether
the condition still exlsts, The bit descriptions
and welghts are the same 85 In the status
register, see Table 3-9,

3-166—3-167

UNMASK mnemonics
UNMASK xxx

Determines which conditions ars

capoble of setting bits in the FAULT
reglster; therefare, allows operator ta defing
which conditions are fault conditions. Cond)-
tions can be enabled elther by sending a
string of mnemonics after the command
UNMASK, or by sending the decimal
equlvalent of th~ total bit welght for sll con-
ditions to be enabled. The mnemonics and
bit weights are the same as in the status
register, <. Table 3-9. Mnemonlcs are
separated from eacn other by commas, and
may be sent In any comblination and In any
order, The command UNMASK NONE
disables all conditions from setting hits in
fault register.

Initlal Condition: UNMASK NONE

3-168—-3-172

UNMASK?

*"UNMASK xxx

Used to read which bits in the status
register have been angbled to set bits in the
fault register (i.e,,which power supply condi-
tions are defined as fauls), xxx Is decoded
using bit welghts in Table 3-9.

3173

T EAULT?

**FAULT xxx

Used to read which bits have been sot

in the fault reglster. A bit [s set in the foult
register when the corresponding hit in the
status reglster changes from Inactive to ac-
tive AND the corresponding bit in the mask
register Is set, Bits fn the fault register are
reset only after the fault register is read, xxx
is decodrd using hit weights in Table 3-9.

3-174--3-176

SRQ OFF
SRQ G

SRQ ON
SRQ 1

Enahle or disable power supply's

ability to request service from the contraoller
far fauit conditions, UNMASK command
defines which power supply conditions
SRQ are defined as fauits.

Initia! Condition: SRQ OFF

3-176-3-177

3-17
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Tatlo 3-7, HP-IB Commands {continued)

*Range
or
**Response
Commend to Query Description Pargroph
SRQ? *“*SRQ G or Used to read SRQ satting. 3-178
**SRQ 1
CLR Used to initialize power supply to 3-180-3-182
power-on state; giso resots the PON bit in
the seriol poll register, The device clear n-
terface message parforms the same
function.
ERR? **ERR xx Usad to dotermine type of programming 3-183—3-185
error detected by powaer supply. A remate
programming error will sat the ERR bit in
the status register, which can be enubled by
, UNMASK to request service, See Table 3-10
1’ for descriptions of error codes.
TE']!ST? **TEST xx Cayses pawer supply to run salf 3-186--3-192
h tests and report any tailures. Type of tests
! run depends on whether power supply out-
o ; put is on or off,
07 **HPS038A or Causes power supply to report its model
’ **HP638A, OPT 100 number snd any optlons that effect the
i ' unii’s output capablflity,
' HbM? *"ROM xx.x Causes power supply to report the date
' ) code of HP-|B ROM.
[Brackated commands are equivalent.
x = any digit (within range)
MV = millivolt
MA = milllamp
MS = millisecond :
** Query causes power supply 1o clear autput butfer, gather requested data, and store it in output buffer. Cata will
be put on HP-IB when power supply is addressed to talk and ATN goes false, Only most racently requested
data Is stored, and it is not saved after belng put an HP-IB,

*‘ ‘!llh\l\ 1 a Il\l.lll

3-11t  Implicit separation accurs when the recalved
characters change from upper or lower case glpha {A...2, 3..2)
to numeric ( +, - ,0,..9), Spaces may also ba used where [r-
plicit separation takes places, For example, bath the following
cormmands are correct:

VSET GV VSETBY

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

VMAX?
are both correct,

VMAX ?

3-117  Terminators for Deta Sent to Power Supply. Ter-
minatars mark the and of a command string, and they Instruct
the power supply that the command it has just recsived should
be executed, The terminatar charactors are the line feed and
semicolon.

o
. .

S T EEE TR e

3-118  Line feed is sent by oll HP controllers automatically
after wrt or OUTPUT statuments unless deliberately
suppressed, 50 the user need not include a terminator when
only one command I3 gent per line. If the user wishes to send
mors than one 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 16V;I0UT BA
VOUT 36V : IOUT bA
are both corract.
3-12)  The carriage return character by itsalf [s not sufficlent

to terminate a command, but it will ba accepted without error
in all cases whara a tenminator or separator s expected.
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Tabla 3-8, Format of Numhors Sent from Powor Supply

For these query commands:

VSET? ISET? pLY?
vouT? louT?
VMAX? IMAX?

<hgader > < space >d,dddd
. to
<header >spuce > dddd.d

the response consists of a header follawed by o spece* followad by 6 decimal digits with en embedded decimal polnt, in this format;

The header consists of the query alpha characters without the cuestion mark. Leading zerces are sent as spuces,
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, JOUT, and QVP,

For these query commands:

STS? FAULT?
ASTS? ERR?
UNMASK? TEST?

<hander > <space >ddd

the response conslsts of & headar followed by a space followad by three decime! diglts with an implicit decimal point, in this format:

The header consists of the query slpha cheracters without the question mark, Leading zerces are sent as spaces,

For these quary commands:

FOLD?
cum?

HOLD?
SRQ?

<header >space>d

the response conslsts of o header followed by o space followed by 8 singla digit, in this format:

The header conslsts of the query slphe characters withaut the question mark.

!

J3-121 Cominand may olso be terminated by asserting EQI
*n the HP-IB concurrently with the last character of the com-
mand, For example:

VSET 1,23
E
0
|

requires no semicolon or linefued, Asserting EOI In conjunc-
tien with a terminator will have no adverse effect.

3-122  Termination for Dats Sont to Controlier. All data
returned to the controller ara terminated by a carriage return
character followed immediately by a linefeed character, EQl i5
gsserted concurreptly with linefeed.

3-123  Voltage Setting, Voltege is programmed In either
volts or millivolts using any of the following codes {the value
5 is used as an example):

VSET 6
VSETEBV
VSET 5 MV

ST DY E g e e AR

3-124  The programmed voltage Is the actual output if the

power supply is in CV made, or the voltage lim': If the power
supply Is in CC mode.

3-126  The voltage setting may be read by sending:

VSET?
and addressing the powar supply to talk,

3-126  The power supply can be Instructed to measure |ts
actual output voltage by sending:

VouT?

The results are placed on the HP-IB when the power supply
Is addressed to talk, in thls format {using 20 as an exsmple):

VOUT 20,000

NOTE

The programming resolution (LSB] for the VSET
and /SET commands are 15mV and 2.5 mA respec-
tively. The power supply will round off settings
received to the nesrest multiple of these values,
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3127  Currant Setting, Current is programmed In elther
amps or millamps using sny of the fallowing codes {the value
10 is used as an example):

ISET 10
ISET 10A
ISET 10MA

3-128 The programmed current [s the sctual output If the
pawer supply Is in CC mode, or the current limit if the power
supply Is In CV mode,

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

_ ISET?
ond oddressing the power supply to tolk,

3-1230  The power supply can be instructed to mensure ity
actual output current by sending:

jouT?

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

IQUT 10,000

3-131  OVP Measurement, OVP trip voltage is hardware
set at the powar supply front panel, The power supply can be
instructed to measure the QVP trip voltage by sending:

OVP?

The results are pleced on the HP-IB when the power supply
Is addrassed 1o talk, in this format {using 60 85 an example):

OVP 60,000

3-132  Soft Limits. The power supply can be sent soft limit
values that place maximum limits an the voltsge and current
programming values that will be nccapted. I the power supply
recsives a programming value thot exceeds the soft fimit, it will
lgnore the command, turn on the ERROR Indicator, and set
the ERR hits in the status register and In the serial poll register,
The power supply will not accept soft iimit values that ore lower
than present output values or values that are being held, The
fargest soft limit values which can be sent are 61.426 V and
10,2376 A, These values also deflne the initfal condition.

3.133  Softlimits are programmed using any of the follow-
ing cades {the values 16 and 10 are used as examples):
VMAX 156 IMAX 10
VMAX 16Y IMAX 104
VMAX 1EMV IMAX 10MA

3-134 The soft limits may be read by sending:

VMAX? IMAX?

and addressing the power supply to Lk, The response from
the power supply is In this format {using i€ and 10 pc exomples):

VMAX 16.000 IMAX 10.0:0

Dela'g. The power supply autput inay switch mode;if

3136

1

or be unregulated momenterily after o new output value is pro-
grammoed ar the output is reset fram 2aro, I most cases this
temporary condition would not he considerad o {ault, ond
foldback or a sarvice requost would be a nulsance. Delay
operates to mask CV, CC, and OR conditions from the fault
reglstor For o specitic period after o naw aulput valua is pro-
grammed. Tile delay [s initlated after the following commands:

QUT ON
RST
T, TRG, or Davice Trigger
VSET OR ISET If hold Is oft

3-136  The power supply [nitiallzes with a defoy of 0.5
seconds, which Is eppropriote In mast casec, In some cases
o longer or shorter delay may be required, Far example, when
up-pragraming autput voltage with a very low current fimit,
CC mode may persist longer than 0.6 secands,

3-137 Factars that influence haw long the mode change or
unregulated condition may last include: ditlerence betweon cld
output valug and new autput valug, current or voltage mit,
ond output {lead) capacitance {for CV maode} or output Induc-
tance tfor CC moda). The delay required must be determined
empirically; the programming-response times In the specillco-
tians table, Section |, can he used as guldelines,

3-138  Delay can be programmed In 1 ms increments uslhp
sither of the following codes (31999 used as an example):

DLY 31.998S
DLY 31993MS

3-139  Delsy value may be read by sending:

DLY?

and addrassing the power supply to talk, The response rom
the powar supply s In this farmat {using 0.5 as on exampleh:

DLY 0,600

3-140  Note that dutlng the delay period CV and CC are
masked from the foldback protection feature aiso. Delay does
not affect the setting of the CV, CC, or QR hits in the stotus
register or astatus egister; delay affects only the setting of those
bits in the fault reglster, Delay does not affect conditions other
than CV, CC, or OR that may cause service request, naor will
delay affect CV, CC, or OR If they accur ot any time other than
after a programmed output changae.

3-141 Cutput On/Off. The power supply output can be
turned on and off using these commands:

QUT OFF or OUT 0
QUT OGN ur QUT

3-142  QUT OFF does not affect the veltage and current set-
tings. OUT ON enables the power supply and returns the gut-
put to the pressnt voltage and current gettings, which can be
changed while the output is off, OUT ON will not reset OV??
or foldback protection.
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3143 Qutput an/aft Is particuterly useful when staring
values for later recall, (Note that output on/olf Is the chly pro-
grarnmable state that Is not stored.) With the output off, the
user can 82t 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 uptil that setup Is required,

3-144  The state of the output on/off functian muy be rend
by sending:

ouT?

and addressing the power supply 1o talk, The response from
the power supply s in this format;

QUT 0 or OUT

In which 0 indicates that the power supply output Is off, and
1 indfeales [t is an,

3-146  Foldback Protection, As described in Paragraph
3 35, foldback protection ¢on be enabled to turn off the power
supply output if the power supply switches from the protected
operoting mode {either CV or CC) to the other mode. if the
power supply changes to the specified made, the output will
be turned off ar.d the DISABLED and FOLDBACK indicators
will turn on, To pravent nuisance tripping while tha autput is
being reprogrammed, foldback protection is inbibited during
the delay perlad.

3-146 Foldback protection Is programmed using these
codes!

FOLD OFF or FOLD 0

FOLD CV or FOLD 1

FOLD CC or FOLD 2
3-147 FOLD CV means that the power supply should be

operating in CC Mode, and foldback pratection will turn off the
output if the power supply switches to CV made. FOLD CC
means that foldhack occurs [f the pawer 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 respanse from
the power supply [s in this format:

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

3-149 Reset. Reset restores the power supply autput if it
has been disabled by OVP ci toldback, The output returns to
the present voltage and current settings; the values may be
changed while the output Is disabled, The power supply s reset
with the command:

RST

3-150 Note that if the condition which caused OVP or
foldback remalis, tha pawer supply output will be disabled again

after reset. |f the power supply output fs disabled repeatedly,
check that the QVP satting and delay time are appropriate for
the application,
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3-21

3-161 Hold and Trigger. The power supply cantains first-
runk and second-rank storage reglsters for values of voltage
setting, current setting, foldback, and :nask, The aperating
valugs are stared In the second rank, but the first rank can
recelve ond hold different votues for latar implementation, With
hald turned on, values in first rank are maved 1o second rank
only upon recalpt of a trigger or device trigger command,

3-162 This feature allows synchronizatian of multiple In-
struments an the HP-IB, and also ensures that new valuas are
imptemented at the sarae time within o single instryment, With
hold turnad off, values are Joaded into hoth first and second
rank when received,

3-163  Hoald Is turned on and off using these codes:
HOLD QFF or HOLD 0
HOLD ON or HOLD 1
3-164  The state of the hold on/olf function may be read
Ly 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 @ indicates that hold is turned off, and 1 indicot s tha-
hold is wwrned on.

3-165 Values that are held in first rank con be shifted to sec-
ond rank {operating values) using elther of these commandd,

TRGor T
The device trigger Interface commaond will also shift data fre .
first rank to second rank.

3-156  Valage and current values ore compated to saft limits
before being loaded into either first or second rank, and naw
soft limits are compared to values already programmied in hoth
first and second rank, Any discrepancy between first and seg-
ond rank valtage or current settings and valtage or current soft
limits will result In an error condition,

3-167 The power supply has been designed 1o allow it to
enforce sequential device command processing, which means
thot a second instrument on the HP-1B will not begin to receive
commands until the power supply has finished pracessing its
commands, The pawer supply can accept data much faster than
it can process data. Therefore, if a second instrumant had less
dota 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 hae
accepted all of [ts data before the second instrument began to
recelve its data. When using device trigger (an HP-|B interface
function), the HP-IB interface circuit in the power supply will
not finish the handshake of the GET message 1Group Execute
Trigger} until all commands have been processed and the trig-
ger action has been completed, The cantraller cannot send com-
mands to a second instrument until the handshake is completed
witn the first. Therefore, sending device trigger after sending
8 commrand assures that the second Instrument cannat begin
to receive commands until the first instrument has processed
its camunands.




3-468  For example, a- “ime the fallawing commonds ore
sant to four power supplies sesigned to addresses called PS1,
P82, PS3, and PS4:

OUTPUT PSt; "HOLD ON; ISET 10A”

QUTPUT PS2; "HOLD ON; ISET 1A”
TRIGGER PS1
TRIGGER PS2
QUTPUT PS3; "HOLD QFF;
TRIGGER PS3
QUTPUT PS4; “HOLD CFF;

ISET A"

ISET 6A™

Pawar supply 2 will start to change only ofter powaer supply |
has startad to chango, end power supply 4 will start to chunge
only after power supply 3 has started to change. Nota that this
feature concarns only the processing of the HP-1B command,
tha time required for the power supplies to eattlo at thelr naw
values depends on the load and on the dirsction and amount
of change.

3-163  Stora/Rocnll, The powar sypply cen store up to 16
zomplate power supply states excepi jor output on/off. This
allows the oparator to preset frequertly used values, which can
then be recsllad when needad with a single command. Preset
values ara stored and recalled using thase codes {3 and 11 us-
ed as examplesh

s703

ACL 11

3-160 Sending o stors coramand couses o “'snapshot” of
the present machine stete to be stored, The power supply can
then be progrommed with new vuluas, Note that only those
values to be changeri need be reprogremmad, For example, if
the following command strings were sent in listed order to the
power supply, tha string stored in register 1 would Include o
current satting of 2A and CC foldback In additlon to a voltage
satting of 8V, Vhe string stored In register 2 would include a
voltaga setting of BV In addition to a current setting of 10A and
CV foldback, Nota that the power supply autput would hot
change whife the three preset states ware belng stored hecause
the output was turned off, The store/recalt designators need
not be essigned In consecutive order, but they must be in the
rapge of 0 to 16,

QUT OFF

VSET 6V; ISET 2A; FOLD CC; STO O

VSET 8V; STO 1

ISET 10A; FOLD CV; STO 2

3-161 Status Ruglster, The pawer supply malntains an
B-bit status register that reflects the present state of the unit,
Each of the elght blts represents a separate condition; when
the condition 13 true tne corresponding bit [s 1. Bits are
ussigned as shown in Table 3-8,

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

STS?

r;'d addressing the power supply to talk, The response from
“the power supply [s in this format:

STS xxx

3-2

whare xxx is o string of ASCIl decimal digits, These digits
spacify on Integer which Is equal to tha sum of the bit weights
of the true conditions,

3163 For example, f bits for both ERR {128) and CC (2}
ara sat, the po.var supply would send ASCIl digits § 30 (128
+2 = 130),

3.164  Bits remain sat In the status register as long as the
corresponding conditions are true.

Tablo 3-9. Status Rogister

Bit Position 1 B ] 4 3 2 1 il

Bit Weight ;. I I I A T L 2 l

Condition ERR Dl AC | OT | OV | OB [ CC | OV
cy Canstant Voltage Maode
cc Constant Current Mode
OR Quarrange
ov Overvoltage Protaction Clrcult Tripped
o7 Qvartemparature Protection Clrouit

Tripped

AC AC Line Dropout or Qut of Range
"OLD Foldback Protection Clrcuit Tripped
ERR Remote Programming Error

3.166  Accumulated Stotus Registor, Reading the status

raglster provides the contraller anly the state of the powar sup-
ply ot the time STS? was recelved. A condition that lasts only
momantarily may not be obsarved even with frequent polling
of the status reglster. To ensure that g temporary change con
be noted by the controller, the power supply maintains an ac-
cumulated status (astatus) reglster. Table 3-9 describes the
astatus reglstor as well as the status register, A bitIn the astatus
register will be 1 If the corresponding bit in the status rogister
has heen 1 at any time since the astatus register was last reed.

3-166 The ostatus roglster can be read by sendinp:

ASTS?

and addressing the power supply to talk. The tespnnué from
the power supply Is in this format:

ASTS xax

where xxx Is dacaded the same way as In the status reglster
readback.

3-167 The octatus register s reset to the present value of
the status register immediately after it is raad by the ASTS?

query.

3-168  Mask and Foult Reglsters. The power supply has
two additional reglsters, the mask register and the fault register,
baoth of which are arranged ke the status register {Tsble 3-3),
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Tho mask register Is maintained by the wier, ond Is used to
specify which bils In the status reglster ore ansbled {un-
masked) to set bits in the feult roglster. A bit [ sot In the fault
register whan the corresponding hit In'the status register
changes from 0 to 1 ond the cnrmsponfd[ng bit In the mask
reglster is 1. Whenaver any bit js set i the foult register the
FAU bit Is sot [n the serigl poll reg'star,

3-169  Note that blts can be set in the fault reglster anly when
thero [s o change In cithar the status reglster or the mask
ragister, Thorefore, If o bitls set in the mask reglster (unmask-
ed) after the corresponding condition bacomes true In the ststus
reglster, the associoted bit will also be sot In the fault register,

3-170  Bits may ba set in the mask register {conditions un-
maskad) in elthar of two ways, The UNMASK command may
ke followed by mnemonics which specify which conditions are
unmasked (enahlad to set bits In the foult reglstar}, or the UN-
MASK command may be followed by a decimal number that
is the sum of the welights of the bits to ba sat. The mnemonlcs
and bit welghts are the same as In Table 3-8, Tha mnemonic
NONE or decimal numaer O wili clear oll bits In the mask reglster,

3-171 Bits are sat In the mask register with elther of the
following codes (ERR /128, OR/4, and CC/2 used as axamplesh:
UNMASK CC, OR, ERR
or

UNMASK 134

3-172  Mnemonlcs may be sent In any order, and thay must
be separated by commas. Note that the mask register doas nat
affect the status reglster, [t simply determines which bits in the
status reglster can set hits In thae fault reglistar,

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

UNMASK?
and addressing the power supply to tstk. The respanse from

the power supply will be In this fermat {using 134 as an
example);

UNMASK 134

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

FAULT?

and addressing the powsr supply to talk, The response fram
the power supply will be in this format {using 134 as en
exomple);

FAULT 134

3176 The fault register Is cleared immadiately after it s read
by the FAULT? query,

3-178  Sarvice Request, In some applications it may be
desirabla to interrupt the controller when a power supply fault
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conditlon accurs, Thu power supply Interrupts the controher
by asserting tha service request {SRQY} line on the HP4B8, The
nhility to generate service requests lor fault conditions cen ba
turned an end off using the following commands:

S5RQ OFF or SRQ 0

SAQ GN or SRQ 1 ‘

3177 The sarvice request function allows use of alther pell-
g or interrupt programming. With SRQ on, tne SRA line will
he assertad true whenavar the FAU bit In the serial poll registar
changes from 0 to 1, Therefore, the mask raglster, in addition
10 specifying which conditions set the FAU bit, also detarmines
which conditions can penarate service regiess, Use of tha
FAULT? query will tall the user which condltion caused the ser-
vice request lexcept for PON),

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

SRQ?

ond addrassing 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 requust capahility is disabled,
and 1 indicates it Is enabled,

3-179  Note that service raquest capabllity for powar on s
contralled by the resr-panel PON SRQ switch, the setting of
which will not be indicated In response 1o an SRQ? query.

3-180  Cleor. The power supply can be returnad to ts
power-on state with the command:

CLR

or by sending o davice clear Interface command, Clex ! Is typlcal-
Iy used to initlalize the powsr supply to 8 known state at the
beginning of a program, Clear also resets the PON bit in the
sarigl poll register,

3-181 fhe clear command dogs not complate until the
pawer supply control clrcuits have had time to settle, This
prdvents 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,

3-182  Note that stored preset states las many os 16) are
not chanpged by the clear command,

3-183 Error. Whsn the power supply detects 8 remote pro-
gramming error it sets the ERR bit in the status register, which
can be unmasked to request service, and [t turns on the front-
pone! ERROR [ndicator. Programming etrors are usually the
result of misspelled words or forgotten separators, When the
powar supply detects a programming error it dumps whatever
portian of the command it has recelved and ignaras all further
characters untll o terminator Is recelved.
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2184  The type of errar detected con be dotermined hy
sending:

ERR?

end addressing the power supply to talk, The respanse from
tha power supply [s In this format:

ERR x
whato x [s b decimal diglt fram 0 to 8,

3-188  Table 3-10 |kis the error cades with descriptions
of each,

' i
3-18%:  Test. The powar supply runs a serfes of colf tests
when [t Is trned on, ond selected tests can be run for
troubleshooting {see Seciiun V). Either of two subsets of the
self tests can ba run by command from the contraller, Self tasts
can be invoked via the HP-IB. by sending the command:

TEST?

3-187 © Thetypeofser’ « *riormed depends on whether
the power supply outputls . .ad on or off. Gee Section V for
a description of each of the sl tests,

3-188 |t the power supply outputis disobled {OUT OFF com-
mand has baen sent}), the following tests are performed:

RAM Test #2

ROM Test

Rea)-TIme Clock Test
Sarfalizer Test

PS| Digital 170 Test
PSE DAC/ADC Tost

3-183  IFthe power supply outp.it s anabled {output Is on),
only these tests are performed:

RAM Test #2

ROM Test

Real-Time Clock Test
Serializer Test

3-190  When the power supply i addressed to talk after
TEST? has been recalved, it responds In this farmat:

T,EST x

whare x s B decimal numbar from 0 10 22, See Section V for
o listing of test-fallure codes, TEST 0 indicates that all tests
passed,

31 The test command does not complete until the power
supply contral circuits have had tima to setlie, This prevents
perturbations on the power supply output, The test command
takes about 5X) ms to execute,

Table 3-10. Error Codes

Dascription

Improper Number — A numeric character { + —, 0.,.9) was received but the following characters did not
represant a proper number. For example, + —6 V or .V or +V, Examples of errars that are not error 2 are:
E +04 Is arror 3 bacause E [s not o numeric character and is not used In any command; 12, J4E-01 {5 error
4 bacause it s treated as 12 followed by 3.4, and no cammands have two numbers separated by spaces.

Unrecagnized 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

Syntax Error — A ward, number, terminator, or separatar was Incorrectly placed. For example, ON GUT
UNMASK,CC, or VOUT b V IOUT BA. A syrtax error will glso result if more than the maximum number

Number Out Of Range — A number was recelved that is too Irrge for the comimand with which it was
received, for example, VOUT BE +6, RCL 200, or DLY 100S. Any negativi number will siso couse error b,

Attempt To Exceed Soft Limits — An attempt was made to program a voltage or current greater than
the softlimit, for example, VMAX 10 V; VSET 11 V. Note tha: if the programmed voltage ar current Is greater

Improper Soft Limit — An attempt was made to program a soft limit less than the associated output value
in elther first or second rank. Note that if an attempt is made to program a soft limit greatsr than the mdx-

Data Requestad Without A Quary Being Sent — A query command, for example VOUT?, instructs the
power supply to ruady data for transmission to the cantroller. A query comniand must precede eacy request
for data by the contradicr, If the controller requests data from the power supply {with an INPUT ar red state-

Errar #
0 Na Errors
i 1 Unrecognized Character — A character Ilke | ** # was racelved.
2
- 3
would be seen as one word, and would be an error.
; 4
- of parameters are specified in the UNMASK mnemonis-torm commana
5
] Nota that soft limit errors r.re error 6.
- 6
than the maximum rating of the supply, error € will result,
= 7
- imum soft limit of the power supply, error 6 will result.
- 8
- ! ment} without first having sent a query, error 8 will result,
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3-18.  Note that the tast cammend In no way changes the
programmed state or the sutput of the power supply.

CAUTION

The TEST? command software contains a bug
which can affect overvoliags protection, If TEST?
Is sent with QUT OFF (output disabled), over-
voltage protection will be disabled until the power
supply receives an RST or CLR command or ac
power is cyclod off and back on. To restore over-
voltage pratection after TEST? command, be cer-
tain to send an RST o« CLR command before sen-
ding the OUT ON command. RST is recommend-
ed, hecause CLR will reset ol power supply
parameters (o the power-on state; RST resets on-
ly OVP,

Note that if OVPis tripped, RST or CLR will reset
the OVP circuit in addition ta restoring overvoltage
protection.

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

3193 Modal Iduntification. The pawer supply model
numbar can be detennined from the contraller by sending the
command:

0?

and addressing the power supply to talk, The response from
the power suppl will be elther:

0 HPROIBA
aor
ID HPGO3BA, OPT100

with the option 100 Identification indicating that the power sup-
r'y hes a raduced output-power capabifity,

3-194 ANALOG PROGRAMMING

3-195  The output voltzga and or current of the power sUp-
ply can remately programmed by on external resistance or
voltape, The power supply Is configured for anelog program-
ming with rear-pancl slide switches; the analog programming
signals are connected to rear-panel screw-on tarminals,

3-19¢ For resistance programming, Internal CV and CC cur-
rent sources supply 1,6 mA currents through the program-
ming res'stors to create programming voltages for the power
supply. Reslstances of 0 to 4 kilohms pragram the autput from
0 to full scate. A variable resistar can control the output aver
it= ntire range. Or, & variably resistor connected in serles and/or
paralle} with a fixsu resistor can have its control restricted to
a limited portion of the output range. Alternatively, a switch
ran be used t select fixed values of progremming resistance
to obtaln a set of discrete voltages or currents,

NOTE

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

3-197 To maintain the temperature and stability specifica-
tions of the power supgly, any resistors used for prograniming
must be stable, low-nolse resistors with o temperature coeffi-
clent of less than 2Bppm per °C and a pawsr rating of at least %
watt,

3-188  Both voltage and current outpuis ¢an also be con-
tralled by a valtage source, A voltage of G to 6 vuits programs
the output from zaro to full scale. Voltage sources of more than
6 volts can be scaled down to the proper range,

3-199 Setting the pawer supply for analog programming of
voltage ond/or current disables digitsl programming {{ - nt-panel
or HP-iB) for that paramater,

3200  The following paragraphs discuss In greater detal) the
methods of remotely programming the output voltage or
current using cither a resfstance or voltage Input. Whichever
mathod is used, the wires connecting the programming device
must be shisided to reduce nolse plckup, The outer shleld of
the cable shauld not be used as a conductor, and should be
connected to ground at one end only,

32m Rafer to Table 3-4 for mode-switch settings for
voltage or resistance programming.

3-202  Although the following setup drawings {Figure 3-9
through 3-13) show the supply strapped for local sensing, enalog
programming and remote valtage sensing do not Interact and
may he used simultaneously,

3-203  Constant Voltage Qutput, Rasistance Control.
The satup shown in Figure 3-9 allows the cutput voltage to 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. Nota
that fixed reslstars may be connucted in serles and/or parallel
with the variable programming resistor to set lower and/or up-
per output voltage limits. The resultant programming reslstance
is the sum of the serles/parallel resistor combination, and must
be between 0 and 4000 chms, For example, a 2000 ohm resistor
cannected in series with the variable programming resistor will
set the lower limit for output volrage at cne-half full scale.

NOTE

if the programming terminsls (VP to 6 Pl

become open circuited during resistance pro-
gramming, the output voltage will tend to rise
above rating. The supply will nat be damaged if
this oceurs, but the overvaltage trip point should
be properly adjusted to protect the user’s Joad,
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3-204 Constant Valtagn Output, Voitage Control, The
setup shown in Figure 3-10 allows the output val*age to be
va:red by using an external voltage source to program the sup-
ply. A voltage sa irce variuble from 0 to +5 volts produces a
proportional output vcitage “ram zero to full scale. The static
load an :he prog,amming voltage source lis less than BpA. A
saurce resistance of less than 10 k is necessary to avoid degrada-
tlon of offset and drift speyifications,

NOTE

If external resistors =re used to limit the remnote-
programming volta ye ‘o § Vdc, the resulting high
programming-source resistance can degrade the
power supply’s programming speed, offset and
drift performe.ce. Limit the equivalent source
resistar e to 10 k ohm maximum. Figure 3-11
shows e convenient .vay to calculate suitable
voltage-clvider resistance values for a 5 k ohm
source rusistance.

3-205 Constant Current Output, Resistance Control.
The sstup she ~n In Figure 3-12 allows the output current to
ba varied by using an external resistor to program the supply.
The discussion In Paragraph 3-703 for constant voltage opera-
tion also npplies for censtant current operation.

CAUTION

If the pregramming terminals (17 1o \'7 P) become
open circuited during rasistance programming, the
output current will tend to rise above rating. The
power supply wif not he danlaged if this occurs,
but the user's load may be damaged, If there fs a
possibility that the programming feads may be
opened, it is suggested that the optional resistor
be connected directly across terminals IP and

P, as shown In Figui 2 3-12. The value of this
resistor should be selected 1 limit the output cur-
ram to the maximum that the foad can handle
without damage. For example, if the foad can han-
dle half the fu” current rating of the power supp-
¥, # 2000 ohm resistor should be connected rom
IP to N\ F. Of course, if this resistor i3 used, the
resistanice ralue actuelly programming the supply
s the parallel combination of the programiing
resistor and the options! resistor,

3206 Ccnatant Current Qutpu !, Voltage Contral. The
setup shown In Figure 3-13 allows the output current to e
varied by using an external voltage current to program the sup-

ply. The discussians in paragraphs 3-201 threugh 3-203 also

apply for constant current operation. The note following
paragraph 3-204 applies also to programming output current

7207 MULTIPLE-SUPPLY OPERATION

3-208 The power supply san be ope/atsd in combination
with other power supplies to provide increased output capability,
Connecting the outputs of two or mare powver supplies in serles
can provide tn autp.t voltage of up to 240 volts. Auto-paraliel
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aperation of two power suppiles car provide output current of
up to 20 amps. Other multiple-supply combinations are possl-
ble. Contact Hewlatt-Pacxard, New Jersey Division for specific
application astistance. ‘

3-209 Auto-Parallsl Operation

3-210 Two units can be connected in an auto-parallal com-
bination to provide twice the output current capabliity. Nna of
the power supplies, the master, is programmed normally via
the HP-IB. The other power supply, the slave, i1 analog pro-
grammed by the master. The slave may ba connected to the
HP-1B for readback, status, etc., but the MODE switches of
the slave must he set "o that the slsve Is analag programnied
by the master,

i

NOTE

Proportional currents from auto-paraliefed tj'm'rs
require equal load-lead voltage drops. Connect
each unit to the lvad using separate pairs of wire
with length and gauge chosen to provide equal
voltage drops from pair to pair, If this is not feas:-
ble, connect each unit to a pair of distribution
terminels using equal-voltage-drop wire pairs, end
then connect the distribution terminals to the 19ad
with a single pai, of leads,
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3211 Fotdback protection, if desired, may only be used with
the master power supply.

3-212 Figure 3-14 shows the rear-panel MODE switch set-
tings and terminal connections for auto-parallel operation. This
configuration pravides 0 to 60 Vdc at an output current of up
to 20 Adc.

3-213 Seatting Voltage and Current. Program the slave
unit's output voltege above the moster’s to woid interferenca
with master-unit CV control. The slave uni's MODE switches
disable the slave unit’s current setting frain having any effect
In auto-parallel operation. Pragram the master unit to the desired
output voltag: and current, Verify that the slave s In CC
aperatlon,

3-214 When Irs 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 same as the ratio
of that unit’s output current capability to the total output cur-
rent capakility of the guto-paratlel combination, For example,
if 8 30 A unit and a 1¢ A unit were auto-paralleled (total cur-
rent capabllity « 40 A), the 30 A unit would provide 3/4 of
the total output current (30 A/40 A = 3/4), and the 10 A unit
would provide 1/4 of the total output currant,

3-216 tn CC operatian, the user must sdd up the current
gutpurs from each unit and adjust the master until the total

nquals the desired Joad current.

3216 Ovarvaltege Protection. Adjust the desired QVP shut-
down limit using the master unit’s OVP ADJUST control, Set
the slave unit's QVP [imit cbove the menter’s, When the mastar
unit shuts down, the master p-agrams the siave unit to zero
vo'tage output, If o slave unit shuts down {hecause its OVP
shutdown limit is set lower than the maste:'s}, it shuts down
ot ly itself, and the other unit supplles ell the load current. The
shut-down slave unit will draw 3ome current through its down
programming circult. The eutra current required from the master
unit may cause the master tc switch from CV 10 CC made.

3-217 Remaote Senzing. To remove sense with auto-
parallel uperatian, connect remotae-sense leads only to the
master unit accarding to the remote sansing instruction= in
paragraph 3-40,

3-218 Remote Programming. To remove program with
auto-parailel gperation, set up only the master unit for remote
programmiing.

NOTE

Down-programming speed i slower with auto-
parallel operation because onfy the master unit's
down programmer operates.

r MASTER

C

[SEFE

€

«"HRRE

LOAD

LOAD

Figure 3-14, Auto-Parallel QOpsration
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Figura 3-15. Series Operation




3-219  Series Operation

3-220 Two Jr mare power stipplies con have thair outpits
connected In series to prov: le increasad output voltage, Each
power supply Is programmed via HP-1B with hold on, and then
ell units are tirggered at once. Multiple loads may be connectad
in serles, and the combination may be grounded at any one
paint to provide both positive and negative autputs. Regardless
of whether or where the load is grounded, no point may be
more than + 240 volts from ground,

3-221 Figure 3-16 shows tha rear-panel MODE switch set-
tings and termingl conrections for serfes operation of two power
supplies. To connent mare pawer supplies in serles, simply con-
nect the ~output of one to the +output of the next,

3222  Add the voitage settings of each power supply
together to determine the total output voltage. Set the currant
limits tor aach pawer supply to the maximum that the load can
handle without damage.
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4-1 INTRODUCTION

4-2  This section corialns block diagrams, simplitied
schamatics, and related descriptions of the power supply, The
instrument can be thaught of as comprising two mejor sections:
the HP-IB, microcomputer, and interface clrcuitry; and the
power mesh and control circults. Three block diagrams repre-
sent the HP-IB board, the power supply Interface (PS1) board,
and the front panel. A block diagram and simplified schematic
represent the pawer mesh and control board. The descriptions
assoclated with these black diagrams explain the function of
each block withaut describing how individusl components
within the circult accomplish that function. Detalled descrip-
tians are provided only for those individual clrcults whose opera-
tion may not be cbvious to the user,

4-3  The circult names and layouts of the block diagrams
and simplified schematlc are the same as used on the complate
schematics In Section VII; however, some ltems, such ps blas
supplies, are left off the black diagrams far clarity. In general,
clrcuits are rescribed as they eppear on thae diagrams fram left
ta right. Signal names that appear on the drawings ere printed
in capitals in the descriptions, us are front-panel isbels for In-
dicators and contrals, Signal names that d2scribe an operating
made or condition are active when that condition exists. For

dition exists. Signat flow is from left to right and top to bot-
tam, unless arro'ws indicate otherwise. A notable exception is
the Input part to the microcomputer, and the CV and CC con-
trol circuits, Signals that lead off the edge of one block diagram
pick up In the same relative position on the next block diagram,

4-4 Qvarview

4.6 Figure 4-1 shows the ovarall relationship of the major
circult groups in the power supply. Circuits on the HP-IB hoard
malntain communications between the pawer supply and the
HP-IB, and the micracomputer on the HP-IB board sends com-
mands to and raceives data from the power mesh and front
panel. The front panel contains controls, Indicators, and
assaciated circuits that provide local control of the power sup-
ply. Cicults on the power supply interface (PSI) board con-
vert digital values from the micracomputer to analog program-
ming Inputs for the control board and power mesh, and con-
vert analog readings from the cortr | board and power mesh
to digital inputs for the micracomputer, Other PSI circuits pass
status and control signals between the control board and
microcomputer. The power mesh, canverts ac input power to
d¢ output power, Circults on the contral board monitor and
cantrol operation of the power miesh,

WY AN N N
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example, OT is high and QT Is low If an avertemperature con- -

4-1

Seaction IV
PRINCIPLES OF OPERATION

4-6 The following paragraphs describe the HP-1B board, pawer
supply Interiace (PSI} board, and the front-ponel board. These
clreuits provide the interface hetwaaon the power mesh L cuits
and the cantroller and/or operator. The HP-IB and front-pa.~
boards are referenced to earth cornmon: the PSI board s
referencad to the power supply negative output. Isclation Is
achleved by optical [solators on the PSI board. Data Is sani be-
twaoen beards serially,

4-7 HP-IB BOARD

4-8  The HP-IB board, see Figurs 4-2, contains HP-i8 Inter-
face circuits, a microprocessor and memory, and parallel-to-
setial and serial-to-parallel canvarter circuits, Other cireuits in-
clude address svitches, tast LEDs, and bias voltage and start-
up clreuits, Most of the <ircult blocks are connacted to the
microprace sor via the address bus and data bus, and the
microprocessor addresses each block s if 't were a memory
location. The miv cprocessur always drives the address bus,
which specifies where data goes to or comes from (l.e., iden-
tifles what Is on data bus}, Ali data on the data bus either comas
fiun or goes to the microprocessor; no other two clreuits on
the data bus communicate with edch other,

49 HP-IB Transceivers and Intarface
Clrcuits
4-10 This circult contains the bus connector and

transcelvers and an HP-IB talker/listener chip. Al HP-IB
(IEEE-488) functions except *r zontroller are Implemented by
the HP-IB chip, which hand;ss dota transfer betwaan the
microprocessor and HP-'* hanasheke protocol, and
talker/listener addressing procedures. The HP-IB chip Is con-
nected to the date bus and appears as a memory location to
the mi¢er~ ocessor,

4-11  Microprocessor and Clock Circuits

4-12 This rircult contalns 8 high performence 8-bit
microprocessur and associated clock circuits. The
microprocessor operates an a 1 MHz cycle, ~hich it derlves
from a 4 MHz oscillator. Two 1 MHz clack signals, Q and E,
are generated by the microprocessor far use by atner circults,
Addresses on the addres> bus are stable duting the Q pulse,
which teads the E pulse by 90 degrees.

413 A 1 kHz (approx) clack signal applied to the
micropracessar interrupt input enables the microprocessor e,
keep track of real time. This enables the microprocessor to e 1-
sure that tasks are performed in timely fashlion, without r.ny
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one task monopolizing the program. The real-time clock signal
Is also used to keep track of the time that has elapsed since
the owput was last changed, s0 the micrecomputer cah deter-
mine if a CV/CC mode change exlsts after the selected delay
time. The clock signal is also used 10 determine the rate 3t which
the front-panel RPG is being rotated.

414 The read/write (R/W) output from the micro-
processor indicates the direction of data flow on the data bus,
either 1o or from the mictoprocessor,

4-15 Data Bus Latches and Fres-Run
Jumpaer
4-16 The timing sequence of the micraprocessor Is such that

circuits providing data for the microprocessor to read are de-
selected address disappears) before the microprocessor can
read the data. This circult latches data to be read by the
microprocessor, and Is updated on every falling Q pulse, Data
put on the data bus by the microprocesser goes around the
latches through buifers.

4-17 Note that the data bus is connected to the
microprocessor through a jumper pack, For signature analysis
of the microcomputer kernal (microprocessor, ROM, RAM) the
data bus is broken and a no-op op code (NOP) is cannected
directly to the microprocessor data inputs. When the
microprocessor performs the NOP Instruction, which does not
contain an address for the next instruction, the microprocessor
automatically goes to the next highest address. Therelorz, the
address bus looks like a 16-bit zounter that continuousiy rolls
over and starts at zero. The contents of each address appear

4.2

sequentially on the data bus {other side of the break),

4-18 Address Decoding

4-19 The micraprocessor has 16 address lines, allowing it
1o address approximately 66,000 locations. Address decoding
allows each addressable clrcuit to look at a shorter address.
Each circuit decodes the address supplied to it only when that
chip is selected by the decading of higher-order address bits.
For example, each RAM cap recognize only 1024 addresses.
Therefore, in order to write to or read from a narticutar RAM
lgcation, the RAM must not only decade 10 address lines, but
the RAM must also be enabled by o chip-select line,

4-20 In addition to the chip-select lines, the address
decoding circuits praduce signals that control the direction of
data flow between the HP-1B board and other clrcuits.

4-21  Memory Circuits

4-22  This unit contains both ROM devices (which contain
the operating program) and RAM devices {which store variables
such as voltage to be programmed, output current readback,
etc}. Jumpers in the address decadiny circuit allow the unit 10
be configured with various capacity ROMs,

4-23 Each of the two BAM devices is four bits wide and
stares half an eight-bit data byte. Each RAM address enables
the same locations n both RAMs; one RAM stores bits DO
through D3, and the other RAM stores bits D4 through 7.
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4-24 Start-Up Circults

4.96  Start-up circults monltor the voliage levels of the hias-
vaitage circults, and hold verlous circuits reset until the blas
voltages have stabilized. The start-up circuits on the HP-IB
board are Interlocked with similar circults In the other bias-
voltage supplies, so that all critical circuits in the unit will be
disabled untll ali blas voltages are stabilized,

4-26 Address Switches

4-27  The fiva rear-panel address switches are connected via
the data bus to the microprocessor, which sends the address
to the HP-iB talker/listener chip, A sixth rear-panel switch con-
nected through the same Input port [s user set to tell the
microprocessor whether ar nat to request service from the can-
troller when power s turned on.

4.98  Also connected through the same [nput port Is one
hit that indicates if jJumper WE s connected for disgnostic made.
With the unit In disgnastic mode, the rear-panel addross
switches select the tests to be run by the microprocessor,

4-29 Test LEDs

4-30 . Six test LEDs on the HP-IB board are driven by the
microprocessor to indicate which seif test has failed, sither at
power un or in diagnostic made. The test LEDs display, in
binary, the same information as is displayed on the front panel.
However, a failure may atfect clrcuits that drive the fron: oanel
display. Therefore, the test LEDs, which are driven by the
micropracessor through fewer circuits than the front-panel
display, provide a redundant means to determine what self tests
have falled,

4-31 Real-Time Clock

4-32  The real-time clock consists of a 14-stage (only 10
wsed) ripple counter that divides the 1 MH2 E clock signal from
the microprocessor to produce a 1 kHz {approx) clock pulse,
The real-time clock ls used by the microprocessor to schedule
its jobs 8t regular intervals,

4.33 Serializer

434  The senializer converts the eight parallel bits on the
micraprocessor data bus to serial data to be shifted to the PSI
board and front-panel board, and it converts serial data from
the PS! board or front panel board to paralle! data that is read
by the microprocessor from the data bus. Shifting data serially
reduces the number of Isolators required between the HP-1B
board and the PS} board. The signal repesenting serial data from
the microprocessor to other ¢ircuits is DATA DOWN and the
signal representing serial data toward the microprocessor s
DATA UP. The serializer consists of clrcuits described in the
following paragraphs.

4-35 Serlalizer Clock. The serializer ¢clock circuit produces
two clock signals, CK1 and CK2, that are derived from the
1 Witdz E clock signal. Both CK1 and CK2 are haif the E signal

Irequency, but CK1 leads CK2 by 90 degrees, These clack
slgnals are used by the serializer to shift dats serially either to
or from the HP-IB hoard,

4-36  The parallel-to-serial and seriol-to-paraliel converters
that shift data to and from the HP-IB board require Just eight
clock pulses to load or unload thelr data. The sevializer clock
circult Includes a counter that resets the clock divider to zero
after eight pairs of cleck pulses [CK1 & CK2} have been
generated.

4-37  Data/Address Control. This circuit decodes outputs
from the address decoders to produce the DATA/ADDRESS
signal {D/ A}, When the microprocessar sends data to the PSI
or frant-panel boards, it must first identify the location for which
the data Is [ntended, The address and data are both sent serially
via DATA DOWN, so the D/ A signal identifies to the receiving
circults If the DATA DOWN bits represent an address {D/ A
signal low) or data {D/ A signal high).

433  Up/Down Control. This circuit decodes outputs from
the address decoders to praduce the UP/DOWN signal, which
indicates the direction of data flow. The signal goes low to in-
dicate data flow down {from the microprocessor) and goes high
to Indicate data flow up {toward microprocessor}.

439  Clock Steering. This circult connects CK1 to 1/O
CLOCK to shift data down, and CK2 to 1/0 CLOCK 1o shiit
data up. The data shifting sequence is as follows, When
shiftli'g data down, the eight data bits are first parallel loaded
into the parallel-to-serial converter; one bit is then availsble at
the ser'al output, The first 1/O CLOCK {CK1} pulse shifts that
first Sit into the recelving circuit [on PSI board or front-panel
board). The first CK2 pulse then shifts the next data bit out
of the parallel-to-serial converter, and the sequence continues
until all eight bits have been shifted out of the parallel-to-serial
canverter and into the receiving circuit. To shift data up, the
first bit from the sending circuit is shifted into the serial-to-
parallel canverter by CK1, and then I/Q CLOCK {CK2) causes
the next bit to be shifted out of the sending circuit.

4-40  The clock steering circuit also selects whether DATA
DOWN or DATA UP is shilted into the serial-to-parallel con-
verter. Far the microcomputer to read in data from the PS| or
front-panel boards, DATA UP is shifted Into the serlal-to-parallel
corverter, whaose eight ouiput lines are 1ead by the microcom-
puter on the data bus. When the microcomputer sends DATA
DOWN 1o the PSI and front-panel boards, DATA DOWN s also
connected back through clock steering to the serial-to-paraltel
converter. During self 1ests, this enables the microprocessor
‘to parallel load elght bits into the serializer, shift the blts through
the converters, and then read the data out of the serializer,
thereby testing the serializer independently of circuits on other
boards.

4-41 Parallel-to-Serial Converter. This circuit consists of
8n eight-bit shift register with two complementary serial out-
puts. One output is connected through ouffers to the PSI and
frant pane! boards, and the other output is connected to the
clock steering circuit as part of a self test 1/0 loop,
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4-42  Serial-to-Parallel Converter. This tjircuit consists of
an elght-bit bidiractional chift register with common 1/Q pins.
In this circuit the device Is used as a serlal-in/parallel-out, shift
teft-to-right register {Mode 1 on the schematic symhbol),

4-43 POWER SUPPLY INTERFACE (PSI)
BOARD

4.44  The PSI board, see Figure 4-3, contains the vutput
valtage and current digital-to-anafog converters {DACs), a read-
back analag-to-digital converter {ADC], essociated input and
output ports for the microprocessar, and fsolation components,
The DACs provide reference voltages to which the power mesh
output-control circuits compare the pawer supply output. The
DAC inputs are supplied to {atches vio the data down signal
from the microprocescor. The readback ADC uses successive
approximation to convert analog voltages representing output
voltage and current, prograrnmed voltage and current, ond VP
level to a digital value for transmission to the microprocessor
via DATA UP, The microprocessor stol 15 those values in RAM
ta drive the front-panel display and to transmit to the controller
via HP-IB if requested,

4.45' Input and output ports provide access by the
microprocessor, via DATA UP and DATA DOW;., to power
supply status lines, readback values, power-supply-type iden-
tiflcation lines, and control lines.

445, Optical isolators on the PS) board provide Isolation be-
riveen the HP-IB board circuits, which are referenced to earth
cammaoan, and the PS| hoard and power mesh circuits, which
are referenced to the power supply negative cutput,

4-47 Isolation

4-48 Optical isolators transmit data between the PSl board
and HP-IB board, while maintaining electrical fsolation between
clreuits referenced to different commons.

4-43 Control Linas Output Port

4.50 This circuit is the output port for the INHIBIT and
OVCLEAR control lines sent by the microprocessor to the power
mesh, This port also provides an address to select the input
to the ADC, and it provides the START signal for the successive
approximation registers in the ADC.

4.61 Address Latches and Decuoders

4.52 This circuit decodes addresses sent by the
microprocessor, and selects which circuit receives or sends data
by steering }/0 CLOCK to only one register. Both data and ad-
dresses from the microprocessor are shifted to the PSI board
via DATA DOWN. The microprocessor sends the B-hit addrass
first, and then either sends 8 bits of data ar reads In 8 bits of
data. The micraprocessor controls the D/ Aline to teil the PS|
whether a byte from data down represents an address (D/ A
fow} or data {D/ A high}, if the D/ Aline Is low, the sole destina-
tion for the bits is the address latch.

463  Once the B-bit sddress has been received, the D/ A line
goes high, If datz is being sent down, data bits are sent to all
output reglsters on the PS| hoard, However, anly the clrcult
recelving clock signals from the address decodar enters the data
into Its register or shifts data out to DATA UP.

4-64 Qutput Latches

4-b5 This circuit contatns three 8-bit shift registers that store
the 12 input bits for each of the output-signal DACs. One shift
reglster stores the B least-significant bits for the current DAC,
the secand shift reglister stores the 4 most signiticant bits for
each of the two DACs, and the third shift register stores the
8 least-significant bits for the vol:age DAC. Each shift reglster
has two ranks of storage. Data s shifted serially into the first
rank without affecting the outputs, Afwer all 12 bits are loaded
into the first rank, a strobe pulse parallel shifts the data to the
second rank, which drives the DAC inputs,

4-686  Note that one of the shift registers has 4 output lines
connected to the current DAC, and 4 lines connacted to the
voltage DAC, When the microprocessor sends new data {o one
DAL, it reloads the exlsting four hits for the other DAC,

4.57 Current and Voltage DACs

4-b8 Output current and voltage are programmed by two
12-bit DACs which are controlled by the microprocessor via data
down. The digitel inputs to the DACs are derived either from
the HP-1B or the front panel rotary pulse geneiator (RPG),
depending on whether the unit [s In remote or local contral.
The DAC circuits alsa Include bulfers and compensation
amplifiars.

4.69  The DAC outputs are the programming voltages to
which the power supply output voltage and current are com-
pared to produce a control voltage. The DAC outputs are aiso
connected to the analog multiplexer on the PSI board for self
tests,

4-60 Analog Multiplexer

4-61 The analog multiptexer selects one of five inputs to
be applied to the ADC for readback by the microprocessaor. The
five analog inputs are: CV PROGRAM and CC PROGRAM,
which represent the programmed values of output voltage and
current {used only for self test); OVP MONITOR, which
represents the valtage at which the OVP circuit will trip; and
I-MON and V-MON, which represent the measured values of
output current and voltage.

4-.62 Analog-To-Digital Converter (ADC)

4-63 The ADC circuit contains two cascaded successive ap-
proximation registers {SARs) anc clock, a8 12-bit DAC, and a
comparator. The unknown voltage is connected to the non-
inverting input of the comparator, end the DAC output is con-
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nected to the Inverting Input. The comparator output is
strobed Into the SARs by the clock, Upon recelpt of a START
sfgnal, the SARs sat a mid-range vatue on the DAC Input. The
DAC output is compared ta the unknown voltage, and the com-
parsiar gutput is strabed Into the SARs by the next cinck pulse,
The comparator determines if the unknown valtage Is greater
ar less than the DAC value, and the SARs raise or lower the
DAC valuein the directian of the unknown voltage. The SARs
continue 1o raise or lower the DAC value In progressively smaller
steps until the DAC output equals the unknawn vaitage. At
this point the 12-bit DAC input represents the snalog valtage
being measured, and the SARs produce an end-of-carvarsion
{EQC) signal. When the microprocessor looks at the digital value
italso checks EQC to ensure that the digital vaiue is valid, EOC
shauld alwavs be true when the microprocesor *akes a reaging,
because after telling the SARs 1o start a conversion, the
micraprocassor does 1ot read In Jie digital value until sufficlent
time has elapsed to al'ow the SARs tc complate a worst-case
conversicn, ;

4-64 A-To-D Input Port

4-65 This circuit converts the 12 parallel bits from the ADC
to serlal data for transiission to the microprocessor Jia DATA
UP. Included with the 12 readback bits are EOC and one bit
fram eacn of the three output latches. Thes= three bits cie
used by the microprocessar for salf test,

4-66  Dateis paralle! loaded into the input ports wl.enever
D/ 'A'ls law Imicroprocessor sending any address), Theretore,
if the input port address is decoded by the address decoder,
the data loaded,while D/ A was low will be shifted out when
D/ A goes high and ciock pulses are steered by the address
decoder 10 the input part. ‘ '

4-67  Status Lines Input Port

4-68 T~ port supplies powar supply status to the
microprocessor, As in the A-to-D Input port, data s Inaded wiile
the D/ A line Is low, and Is shifted out when the D/ A line is
high If the address decoder steers clock pulses to the circuit.
R-8 flip-flops store CV CC ,AC FAULT, and OT so that
temporaty status change will not be lost if the condition disap-
pears before the micropracessor read.. status, The INHIBIT
signal, which comes from the microprocessar via the control
linas output port, is returned to the microprocessor via the status
lines input part for self test of both ports.

4-69 ldentification Input Port

¢-70 Because the interface circults have been designed for
use in a number of power supplies, this circuit identifies to the
microprac#sso; the type of power ~upply so the microprocessor
knows which calibiation constants and rcale factors to use trom
memory, The microprocessor reads this registar only at wrn-on,

4-71  Input Port Selector

4-72 This circuit contrals which input ort is connected to
DATA UP,

www.valuetronics.com

4-73  Powaer Clear

4.74 PCLR2 ,from the powar mesh bias supplies, is con-
nected across isolation on the PSI board to the HP-IB hoard,
and Is alsn cannected to power clear circultry on the PS| board,
Clrcuits on the PSI| board will be held reset by PCLR until both
PCLR' and PCLR2 disappeer.

4-76 FRONT PANEL BOARD

4-76 The frant-panet board, see FigL 2 4-4, conlains the
VOLTS and AMPS dispiay circults, the rotary pulse generatar
iRPG) and RPG decoders, five pushbutton switches, mcde
indicatc:s, and the OVP ADJUST petentiometar, Data from
the microprocessor is shifted tc the display circults via
DATA DOWN and data from the front-panel controls circuits
I shifted 1o the microprocessar via DATA UP, Data transier
betv-cen the front-panel bos.d end the micropracessar on the
HP-I5 hoard is simllar to tha: between the 7S) and HP-IB
boards, except that thu front-panel circults are not isolated from
the HP.IB circults, Circuits on the £ ant-penel board operate
from blas voltages supplied from the HP-IB board, and are
referenced to the same common bs the HP-i ™ board (earth
ground), The OVP AQJUST potentiometer is pat of the pawer
mesh control circultry {referenced to power supply negative out-
out), and is not eonnected to any circults nr the frant-panel
hoard,

4-77 Adaress Latches and Decodars

4-78 The address latches and decoders on the front-panel
h.oard operate similarly to these on the PSI board, described
eatlier. DATA DOWN hits received while D/ A is low are latched
and .l2zaded In this circuit, which then steers clock pulses to
the addressed clrcuit when D/ A gaes high.

4-79 Voits and Amps Qutput Ports and
Displays

4-80 Tre.e circuits display values sent by the
mici 3uracessor via DATA DOWN., Normally, these .. 2 the ac-
tual output woltage and current readings as measure by the
ADC on the PSI hoard. Pressing the DISFLAY SETTINGS
switch causes th~ microprocessar to send the voltage and cur-
rant values that have been set by the controller (remote) or RPG
Hocal), H the unit is In CV maar, the voltage display should
show the same ;eading for actual am] szt values; the current
disnlay will switch from the actual vaiue Lo the currit limit,
In CC mode, the current readings will be the same and th:
voltage display will switch from actuat value to the voltage mi .
Pressing the DISPLAY OVP switchi causes the voltage displ y
to show the OVP trip voltage that has been set.

4-R1 The microprocessor also usec the readout to display

“he HP B address switch settings, self test arrcr messagss, and
readback ADC overrange corditions.

4-82 KPG and Latches

4-83 When rowzied, the RPG produces two pulse rains that
are 90 degrres phuse shifted frony aach other, with the phase
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relationship determined by the direction of rotation. This cir-
cuit cantains two flip-flops that monitor the RPG outputs, The
output of one flip-flap goes low to indicate that the RPG has
been rotated, and the output of the other goes low to Indicate

~ CW rotation or high to Indicate CCW rotation. These data are
loaded into an input port when D/ A is low, and the fiip-flops
are set back to thelr quiescent state by clock pulses from tha
address decoder when the input port Is addressed.

4-84  Because the microprocessor reads the Input approx-
imately every millisacand, it con determine if the BPG Is being
turned rapidly {for a large change) or slowly (for fine adjust-
raent), and the microprocesscr varies the rate [t changes the
DAC inputs accordingly.

4-85 Front-Panel Controls Input Fort

86 °  Five fro.t-panel pushbutton switches plus the two RPG
flip-flop outputs are connected to this input port. Data is
looded wiiai; £/ Als low, and s shifted cJt by clock pulses from
the address decoders. The microprocessor reads data In via
DATA UP approximately every millisecond, and chiecks the
switches avery 10 ms, thereby ensuring that even rapld switch
operations will be capturad,

4-87 Mode Indicators

4-88  The front-panel mode Indicators arg controlled by the
microprocessor vis DATA DOWN and the mode Indicator out-
put ports and latche;. DATA DOWN signals are shfted in by
clack pulses from the address decoders.

4-89 OVP Adjust Control

490 The OVP ADJUST potentiomater sets the voltage level
at which the avervoltage protection (QVP) clrcuit trips.

4-91

4.92  The power clear signal { PCLR )from the HP-IB board
£53s low when the uni is turned an, and remains low until the
bias power supplies have stabilized. This low level resets the
display-circuit latches on the frant panel board, causing all in-
dicators and display segments to turn an and remain on until

Power Clear

the microprocessor updates the display {spproximately one
secong).

493 POWER MESH AND CONTROL BOARD

4-94  The basic aperating concepts of tha the power mesh
and control circuits are described In the following paragraphs,
The beginning panigraphs describe the baslc ditference batween
an autoranging power supply and a conventional CV/CC power
supply In terms of the avallable output, and provide an over-
view of the basiu theory of operation, Later paragraphs describe

.the functions of the Individual circults on the power mesh ana

control hoard.
4-85 AUTORANGING POWER

4-%  The baslc difference between an autaranging power
supply and conventional types of Constant Voltage/Constant
Current {CV/CC) power sunplies can be seen by comparing the
maximum-output-power charactenstics of each. A conventional
CV/CC power supply can provide maximum output power at
only ane combination of output voltage and current, as shown
In Figure 4-6a. The range of a power supply can be extended
by designing an Irstrument with two or mare switch-sslectable
voltage/current ranges within the maximum power-output
capability, as shown in Figure 4-Bb, An autoranging power
supply pravides maximum output power over a wide and con-
tinuous range of valtage and current combinations, as shown
In Figure 4-B¢, without the operator having to sefact the pro-
per output range.

4-97 BLOCK DIAGRAM OVERVIEW

4-98 This section is an overview, Using the block diagram,
Fioure 4-8, it explaine how the unit works, how major circuits
are Interconnected and what aignals are called, The next sec-
tion, beginning at paragraph 4-106, explains more thoroughly
how malor clrcuits operate and uses the simplified schemati,
Figure 4-8,

4-93  Power flows from the ac power line at the left of the
block diagram through circult blocks connected by heavy lines
to the load on the output terminals at the right. The d.wn pro-
grammer lowers the output voitege when required by the CV
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circuit. Qvervaltage protection senses the output and shuts
down the unit by inhibiting the pulse width modulator {PWM)
through the n.aster ensble input when an ovarvolage Is
detected, Qther protecticn circuits {not shown) alsa can Inhibit
the PWM thraugh the [nhibit gate.

4-100  Control signals flow from right to left with zeparata
clreults for constant-valtage, constant-current and power-limit
conwrol. These three ¢ trol clrcuits [alntly provide the autorang-
ing characteristic of + yure 4-6¢, AC turn-on circuits I'nit In-
rush current to the Iiput filter and assure transient-frae turn-
on. Internal bies supplies provide five biss and two reference
voltages to the unit's clrcuits and provide Input signals to the
AC turn-on clreuits,

4-101  The unit Is a flyback switching power supply. The
power tronslormer stores energy in [ts magnetic field while cur-
rent flows [n its primery, ond energy transfers to the secondary
whan current flow In the primary turns off. A palr of PFET
switches in serles with the primary turns on and off at a 20 kHz
-rate contreliing the current flow; and the PWM varles the on-
time of the PFET switches to regulate the output valtage or
current, In CV or CC oparation the PWM turns the PFET
switches an at each clock pulse ard turns them off s vhen Ip-
RAMP VOLTAGE exceeds CP CONTROL-PORT vaitage. The
Ip-BRAMP VOLTAGE Is derived from a sensing transfarmer In
series with the power transtarmer primary and s proportianal
to the primary current, The CP CONTROL-PORT voltage Is
determincd by the CV contral circuit when the unit is in
constant-voltage operation and is determined by the CC con-
trol clreuit when in constant-current operation,

4-102  Fallow tha block ciagram from right to laft 1o see how
the output valtage is regulated during CV mode of operation.
The oJtput valtage Is monltored both at the output sense ter-
minals +5 and -5 {OVS OUTERLOOP VOLTAGE) and slso
before the two stages of output filter (IVS INNERLOOP
VOLTAGE}. Sensing with output sense terminals provides ac-
curate load-voltage control, and sensing befare the output filter
stabilizes the supply and permits it to pawer highly reactive
loads. The CV monitor amplifier butyurs the OVS OUTERLOOP
VOLTAGE to preduce the V-MON output manitoring voltage.
A buffer amplifier (nat shawn) manitors the valtage before tha
output filter to produce the IVS INNERLOOP VOLTAGE. CV
error anc ‘nnerloap amplifiers compare V-MON and IVS with
the CV PROGRAM VOLTAGE—-which comes from the PS!
board~ to develop CV CONTROL VOLTAGE. When CV CON:
TROL VOLTAGE is lower than CC CONTROL VOLTAGE, CV

determines CP and regulates the output voltage by controlling’

the turn-off of the PWM,

4-103  While the PWM turns off when any of the four In-
puts shown go :w, in CV 1nd CC operation It s controliad oy
the CONTROL V LIMIT input from the control voltage com-
paratar, When Ip-RAMP YOLTAGE exceeds CP, CONTROL
V LIMIT goes low and the PWM turns off tne PFET ewitches.
The next clock pulse causes the PWM to tumn on the PFET
switches, and thus the cycle repeats at a 20 kHz rate. Power
Is transferred thraugh the transfe;mer as req “ired to produce
the output voltage determined by the OV PROGRAM
VOLTAGE.
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4-104  When in CC operation, the autput current s regulated
In a simllar manner, Qutput current Is sensed as the OCS outer
loop voltage across a current monitoring resistor, OCS is buf-
fered to produce I-MON. IVS [s diffarentiated to produce an
innetloop current-sensing voltage; and CC errar amplifier com-
pares these to the CC PROGRAM VOLTAGE from the PSI
board to develop the CC CONTROL VOLTAGE,

4-105 SIMPLIFIED SCHEMATIC

4-106 The simplified schamutic, Figura 4-8, shows the basic
operaling clreuits of the unit, Detailed descriptions follow far
major circuits and components [n clackwise order. The clreult
names and layout of the simplified schematic are the same as
used on the complete schematic in Section VII. The heavy lines
ore the path of power flow through the unit.

4-107 AC Turn-On Clrcuits

4-1G8 Primary power comes to the input rectifier through
a resistor which limits turn-on Intush curent to the input filter.
Jumper ATWS connects the input rectifier and filter as a voltage
daubler for 100/120 Vac power lings, This jumper Is not used
far 220/240 Vac; thus the input filter develops a dc bus voltage
of about 300 Vdc for either 100/120 or 220/240 Vac power line
voltages. Primary " ower also comes through line-voltage select
switches to the blas power suppliet, which provide the inter-
nal operating voltages for the power supply. The line-valtage
select switches connact the primary windings of the bias-
supplies transformer for operation at 100, 120, 220, or 240 Vac,

4-103 The unit checks that the +5 Vdc blas voltage and
the ac power line voltage are within acceptable limits as part
of its turn-on sequence. When +b Vdc comes up, the blas
voltage detector resets the ovarvaoltage protection circuit,
enables the an-pulse driver for tha PFET switches, and with
the ac-surge-&-dropout datector slans the 1-second-delay cir-
cuit. After one second, relay A1K1 bypasses the Inrush-current-
limiting resistor. After 0,1 seconds mare, the 1-Second-Delay
circuit enables the PWM through the DROFOUT signal, The
power supply can then provide cutput power,

4-110 When the ac-surge-E&-dropout detector detacts high
or low jine voltage, the unit shuts down until an acceptable
power-line voltage returns. Then It repeats the above turn-on
sequance, This protects the unit from damage from power-line
surges and brawnouts.

4-111

4-112 PFET switches A4Q3 and A4Q4 control current flow
from the Input Filter through pawer transformer T1, The PWM
creatas on- and ofi-pulses for the PFETs. A traln of on pulses
comes through diodes A4CR4 and A4CR3 to the PFETS’ gates
te turn on the PFETs. The PFETs' 'nput capacitances hold the
PFETs on batween on pulses, Off pulses turn on transistors
A4Q1 and A4Q2 which then short the PFETs' Input capacitances
and turn off the PFETs.

DC-to-DC Converter

4-113  The on-puise one-shot A2U16B and ofi-pulse one-




shot AZU15A generate the on and off pulses. AZU 1BA produces
a train of 160 kHz on pulses during the PWM output pulse. Off
pulse ana-shaot A2U16A triggers an off pulse at each trailing
edpe of the PWM output pulses, Figure 4-7 shows the timing.
Driver clrcults Increase the current-drive capability before ap-
plying the pulses to pulse transformers A4T1 and A4T2.

4-114  When the PFETs turn on, current flows through the
prmary of power transformer A171 and primary-current menitor
transformar A4T3. The output rectifier A4ACR7 Is reverse
biased and blocks current flow in the A1T1 secondary, Cense-
quently, the A1T1 transformer stores energy. When the PFETs
apply the de¢ bus valtage to the primary, the primary current
ramps up, storing more and mare energy. The A4T3 transformer
senses the A1T1 primary curreat, and the secondary of A4T3
davelops the Ip-RAMP VOLTAGE across resistor A2R108, This
finearlly Increasing veltage predicts the carrection In the
supply's output voltage or current which will occur when the
PFETs are turned off. Comparators manitoring the Ip-RAMP
VOLTAGE signal the PWM to turn off the PFETs when Ip
RAMP VOLTAGE exceeds either the CP CONTROL-PORT
voltage or the POWER-LIMIT reference voltage.

4-1156 When the PFETs turn off, the collapsing magnetic
field reverses the rularity of the voltages across the A1T1
primary and secondiary, end current flows from the A1T1 secon-
dary through cutput rectifier AACR7 to charge output capacitors
AI1CB, A1C9 and A1C10. Wher the PFETs wrn off, the leakage
inductance of T1 forses the current to continue to flow in the
primary. Flybe:k Diodes A4CR13 and A4CR14 protect the
PFETs from e cess ruverse voltage by conducting this~ a:
argund the PFETs and back to the Input filter.

4-116 Down Programmer

4-117
rapidly wher required, In order to lower the cutput voltage it
Is nocessary to discharge the output fllier capacitors [typlcally,
through the lead), In situations that require the output voltage
to drop more rapidly than can be accomplished through the
load, the Down Progremmer discharges the capacitors and pulls
the output line low, Five conditions can trigger down frogram-
ming: programming of a lowsr cutput voltage, avervoltage,
overtemperature, remote disable, or pumary power fallure. The
Down Programmer turns an when elther MASTER ENABLE s
low or the CV ERROR VOLTAGE is more negative tha.a about
-6 Vdc,

4-118 The +8.9 Vdc bias supply for the Down Program-
maer stores enough energy In jts input capacitor te uperate the
Down Programmer after loss of primary power, Th's ensures
that the Down Programmer will £ able to discharge the out-
put circuit completsly when primary power is turned off.

4-11S Bleeder Circuilt

4-120  This clrcult enables the output capacitor to discharge
faster by providing emple bleed current at various autput levels,
{thereby improving Down Programming times), The path for
the bleed current is provided by one of two transistors, A1Q1

This circuit allows the output voltage to be lowered '

4-12

or 4102, At output voltsges below 13 to 15.6 Vde, transistor
A2 Is turned on to supply milliamperes of bleed current.
When the output voltage is abave 13 to 16,6 Vde, transistor
A1Q1 Is turned on, turning off A1Q2,

4121 Fuse A1F3 provides protection to internal cormponents
should A1Q2 short end draw excessive current. Down program-
ming respanse time at no load will be considerably longer if com-
panents malfunction in the bleeder circuit or if fuse AtF3 is
blown,

4.122 Constant-Voltage (CV) Circuit

4-123 The constant-valtage circuit compares the output
voltage to the user-set CV PROGRAM VCLTAGE to produce
CV CONTROL VOLTAGE. Two comparisan emplifier loops ac-
camplish the comparison. In the cuterloop, CV error amplitler
AZUB compare~ V-MON, a buffered fraction of the sensed out-
put voitage OVS, to the programming voltage from the PS!
board, to create the CV ERROR VOLTAGE. Then in the In-
nerloop, amplifier A2UT0A compares this error voltage to IVS,
a buffered fraction of the innerloop cutput voltage, to produce
tha CV CONTROL VOLTAGE. The CV FAROR VOLTAGE Is
alto diode-OR cunnected through diods A2CR21 as an input
to the down programmer,

4124  Vv-MON also connects through protective ircuitry to
rear-panel terminal VM for remote monitoring of the autput
voltage. As output varies from zero to full scale, V-MON varles
from 0 to +5 volts.

4.125  Settings of the CV programming switches--the B6,
86 and B4 MODE switch settings —allow the CV PROGRAM
VOLTAGE to come from the PSI board, from an external
valtage applied between rear-panel terminals VP and P,
or from an external resistor between VP and 7 P. When us-
ing an external resistor, current from the CV canstant-current
source flows through the applicable resistance to develop the
CV PROGRAM VOLTAGE.

4126  in CV mode the CV CONTROL VOLTAGE varies be-
tween about ~ 0.5 Vdc and about + 1.0 Vdc, Itis most negative
when the load Is drawing no power As the load draws more
powaer, the voltage becomes more pasitive. The CV CGNTROL
VOLTAC E Is at the cathode of diode A2CR24, part of the diode-
OR Input to the control-voltage comparater, Diode A2CR20
prevents voltaye overuhoots dusing translent load changes and
program changes

4-127 Constant-Current {CC) Circuit

4128  The constant-current circuit compares the oulput cur-
rart to the user-set CC PROGRAM VOLTAGE to praduce CC
CONTROL VOLTAGE. As with the CV Circuit, two comparison
amplilfier loops accomplish the comparison, QCS is the voltage
ocross current-monitoring resistors ATR27 & A1R28, and it
senses the output current for the outerloop. To compensate
for the fraction of the autput current which flows through the
unit's output-voltage sensing resistors, CC monitor amplitier
A2U1 adds a fraction of V-MON to QCS. It amplifies both to
produce the outerloop current-sense valtage, i-MON.




4-129 I-MON also connacts thraugh protective circulitry to
rear-panal terminal IM for remaote monitoring of the vutput cur-
rent. As cutput varies from zero to full scale, V-MON varies
from 0 to +b volts,

4-130 Differentiation of IVS develops a current-proporticnal
voltage which senses the innerloop currert flowing into the
capacitive output filter. CC error amplifier A2U2B sums this dif-
ferentiated innerloop voltage with I-MON and compares the surr.
to the CC PROGRAM VOLTAGE to produce CC CONTROL
VOLTAGE. In CC mods tte CC CONTROL VOLTAGE varles
between about - 0.5 Vde and ebaut + 1.0 Vdc at the cathods
of diode AZCR19, CC clamp A2U2A limits CC PROGRAM
VOLTAGE to ahout 5.6 peak volts,

4-131 Settings of the rear-panel CC programming
switches—the B3, B2 and B1 MODE swiwch settings —~ ellow the
CC PROGRAM VOLTAGE to come from the PS! board, from
an ertarnal voltage applied between te- winals *® and @P,
or from an external resistor between IP and Qf?P. When
using an external resistcr, current from the CC constant-current
source flows throvgh the resistance to develop CC PROGRAM
VOLTAGE.

4-132 Overvoltage Protaection {OVP) Circuit

4-133 The OVP circuit monitors the power supply output
voltage and compares it to a press. limit determined by a front-
panel OVP ADJUST potentiomater, If the gutput voltage ex-
ceeds the limit, tho OVP Circuit Initiates a PWM OFF pulse,
which a'so triggers the Down Programmer. The OVP Circuit
latches itself until it recelves OV CLEAR or ac power is turned
off. Thn bias voltage detactor resets the OVP at turn-on of the
unit,

4-134  Powaer-Limit Camparator

4-135 Two comparisons with Ip-RAMP VOLTAGE provide
POWER LIMIT and CONTROL V LIMIT, two of the four inputs
for the PWM. Power Limit Is the output of the Power-Limit
Comparator A2U14A, The comparator compares Ip-RAMP
VOLTAGE with the power-limit reference voltage of about 1.0
Vdc. The reference is adjustable with the POWER LIMIT calibra-
tion trim pot A2R25. POWER LIMIT sets the maximum primary
current In power transformer A1T1 hy going low and turning
off the PWM whaen ip-RAMP VOLTAGE sxceeds the reference.

4-136 Primary current is approximately proportional to out-
put power, and POWER LIMIT turns off the PWM wien the
CONTROL V LIMIT would otherwise allow the unit to deliver
more than about 200 watts. This eccurs during transient load
increases, step increases in CV PROGRAM VOLTAGE and
when the combination of the CY PROGRAM VOLTAGE nnd
the CC PROGRAM VOLTACE calls for mare than 200 watts.
The power-limit comparator produces the power-limited por-
tion of the unit’s output characteristic curve in Figure 4-4 and
Is the essence of the unit's autoranging characteristlc,

4-137 Control-Voltage Comparator

4-138 The control-voltage comparator A2U 76 produces the
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CONTROL V LIMIT input to the PWM by comparir 4 Ip-RAMP
VALTAGE to CP CONTROL-VOLTAGE. In CV or CC opera-
tion CP [s onr diode-drap maore than the lower of the CV and
CC CONTROL VOLTAUGE, CONTROL V LIMIT goes low and
tums off the PWM when Ip-RAMP VOLTAGE exceeds CP. The
A2R113-A2R114 voltage divider steers control of CP by its cou-
nection at the anodes of series diodes A2ZCR19 and A2CR24.
The A2R113-A2R114 voltage divider sets the maximum CP
voltage to + 1,6 Vdc and assures that the diode with the lower
control voltage will be forward biased when its control voltage
‘I3 less than + 1,6 Vdc. As an illustration of CV-CC selectian,
suppase the unit Is in CV apeiation and diode A2CR24 Is for-
ward biased by a low CV CONTROL VOLTAGE: then CV seats
€P to less than + 1.6 Vdc. CV keeps diode A2CR19 reverse
biased and prevents GC control until the CC CONTROL
VOLTAGE is evey; lawer.

4-139  The lower of the cantrol voltages varies between
about —-0.6 Vde and + 1.0 Vdc regulating the unit's output.
The higher control valtage has no effect on the output and in-
crnases [n response to the error voltage in its clrcuit. When
higher, the CC CONTROL VOLTAGE limits et about 6 Vdc.
When h'gher, the CV CONTROL VOLTAGE Incruasas only
slightly, In CV or CC mode CP remains one diode drop more
thar, *he Jower control voltage end varies form about 0.0 to + 1.6
Vde, '~ 'UNREGULATED mode CP s + 1.0 Vdc,

4-140 Initial-Ramp Circuit

4-141 The control valtage and ramp veltage waveforms in
Figure 4-7 show that there Is 3 time delay between when the
control voltage Is exceeded and when the PFETS turn off. This
cumulative circult delay cuases the PFETS to deliver power even
when no power is requested by the control circuits, to eliminatg
the delay, the lnical-remp circult adds a ramp voltage to Ip-
RAMP VOLTAGE & the input to the contral voltage com-
parator. The added ramp valtage starts with the 20 kHz clock
pulse and causes the cembined-ramp voltage to exceed the con-
trol voltage eatlier, thereby e~santially eliminating the PFET turn-
off delay. A two-state RC integrating network consisting of
resistors AZR116 and A2R 117 and capar'*ars A2C59 and A2C61
creates the initial ramp by shaping 1o <0 kHz clock pulses.

4.142 . Pulse-Width Modulator (PWM}

4-143  The PWM generates 20 kHz repetition-rate pulses
which vary in length according to the unit's output ra-
quirements. The pulses start 1,5us after each 20 kHz clock pulse
dand turn off when any of these four inputs go low: The output
of the contral-valtage comparator {CONTROL V LIMIT), the
output of the power-limit comparator {POWER LIMIT), the 20
kHz clock pulse (60% duty cycle limit), or the output of the
inhlbit gate A2U194 (MASTER ENABLE), As discussed in
paragraph 4-112, the PFETs turn on during and turn off ot the
tralling edges, respectively, of PWM output pulses,

4-145  The PWM generates pulses as follows: a 20 kHz clock
pulse halds the 1.6s-delay flipflop A2U13B reset; 1.5us after
ithe trailing edge of the 20 kHz pulse, ths next pulse from the
320 kHz clock vscillator clocks the output of A2U13B high, and
this Initlates the PWM pulse from PWM fiipflop AZU13A. When
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Figure 4-7, PFET Control. Signals Timing Diagram

one of the above four Inputs to AND-gate A2U13B goes low,
A2U19B resets A2L '“A, and the PWM pulse turns off.
4-145  Bias Voitage Detector

4-146 The bias voltage detactor prevents spurious opera-
tion wi.'ch might occur at turn-on of the unit if circuits tried
to ov.eri te before the + 56 Vdc bias voltage is at the clock, PWM,
and logic circuits. After turn-gn, as the output of the +5 Vdc
bizs supply rises from 0 Vdc through about 1 Vdc, three tran-
sistor switches in the Bias Voltage Detector turn on. They In-
hibit the Relay Driver and the On-Pulse Driver, and they create
the power-clear signal, PCLR2. The transistars inhibit the cir-
cuits and hold PCLR2 low until the unregulated input to the
+6 Vdc bias supply i1s greater than about 11 Vdc, an Input
voltage sufficlent "o assure +6 Vdc bias output, PCLR2 resets
the QVP at tumn-on,

4-147 AC-Surge-&-Dropout Detector

4-148 The aa-surge-&-dropout detector protects the unit
frum damage from cower line valtage surges end dropouts by
shutting down the unit when there Is either a 40% overvoltage
or a 20 ms voitage interrupiion [n the ac power line voltage.

The detector shuts down the unit by inhibiting the PWM
through tte BROPOUT signal fram the -Second-Delay circuit,
Line Detect signal, which is fullwave-rectified ac from the +6
Vdc secondary of the bias-supplies transfarmer, senses the
power line voitage.

4143  The dropout detector, including comparatars AZU204
an A2U200, ~perates by enabling a capacitor-timing ramp when
LINE DETECT ceases. Comparator A2U20C monitors the
amplitude cf LINE DETECT to provide highline veoltage
detection.

4-150

4-18) The 1-second delay circuit is the heart of the unit's
controlled turn on. 1t causes relay AIKT to bypass inrush-
current-imiting resistor A1R1 one second after turn on, and
it enables the PWM 0.1 seconds later, Whan either the output
of the ac.surge-&-dropout detector or PCLR2 is low, NAND
gate A2U11A holds the circuit reset. The circuit starts coun-
ting at 1/16 the clock frequency {1.25 kHz) when both Irputs
to A2UN1A are high and causes RELAY ENABLE to go high
In 1.0 seconds and DROPOUT to go high in 1,1 seconds.
When DROPOUT goes high, it stops the count, and it enables
the PWM.

1-Second-Delay Circuit

4-14
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Section V
MAINTENANCE

5-1 INTRODUCTION

5-2 This section pruvides test and callbration procedures,
and troubleshooting and repalr Infarmation. The operation-
verification tests comprise n s.-ort procedure 1o verify that the
unit is perfarming properly, without testing all specified
parameters. After troubleshooting end repalr of a defective
power supply you can usually verify proper operation with the
functional-test procedure in Section I1l. Repairs to the A1 main
board, the A2 contral board and the A7 PS; board can involve
circults which, although functional, may prevent the unit from
performing within specified limits, So, after A1, A2 or A7 hoard
repalr, declde if recaltbration and operation verification tests are
needad according to the faults you discover. Use the calibra-
tion procedure both to check repalts and for rogular
tmaintenance,

53 TEST EQUIPMENT REQUIRED

B-4  Table 5-1 lists the equipment required to perform the
tests of this section. You can separately identify the equipment
for performance tests, calibration and troubleshoating using the
USE column of the table,

55 OPERATION VERIFICATION TESTS

56  To'assure that the unit is performing properly, without
testing all specified parameters, perform the following
procedure,

1
a. Perform turn-on checkout procedure given in Section [l
This includes a series of power-on self tests,

b. Perform lhé following performance tests, provided in this
section,

Voltage Pragramming Anv. Readback Accuracy
Current Programming And Readback Accuracy
CV Load Effent
CC Load Effect

57 CALIBRATION PROCEDURE

58  Calibrate the unit twice per year and when required
during repair. The following calibration proceduras should he
performed In ths sequence given. Tahle 5-3 lists values to which
each adjustment should be made. References in the calibra
tion procedures correspond to reference numbers in TeYle 6-3.

NOTE

Some of 1.2 calibration procedures for this instru-
ment can be performed independently, and same
procedures must be performed tagether and/or
a prescribed order, If & procedure comains no
referenc: s to vther procedures, you may assurne
that it can be performed indepencently.

To riurn a serviced unit to specifications as quickly
as possible with mir.mal calibrstion, the achnician
need only perfarm cahbration procudures that
affect the repaired circuit, Table 5-2 list various
power supply cirruits with calibration procedures
that should ba performed after those circuits are
serviced. Circuits are identified by schemstic
designators; either the tinted circuit block and/or
specific circuit area within 1 tint block, or the
reference desiynator of speciiic compunents, In
both cases, the printed-circuit board containing the
circuit /s also listed,

Tebla B-1. Test Equipment Required

FEQUIRED RECOMMENDED l
TYPE CHARACTERISTIC3 USE MODEL
Oscilloscope T Sensitivity: 1 mV P.T HP1740A
Bandwidth: 20 MHz & 100 MHz
Input: differential, 50 @ & 10 M2
RMS Volimeter True rms, 10 MHz bandwidth e HP3400A
Sensitivity: 1 mV Accuracy: b%
Logic Pulser 4.5 to 5.%Vde @ 35 mA T HP546A




Table 6-1. Test Equipment Required (continued)

Raqﬁlrad

Test Resistors

11, 6%, ¥ W

1k, 6%, 4 W

bk, 6%, U W 4
2k, 0.01%, W W

Recommended
Typo Character' ‘tice Use rAodel
Multimeter Racalution; 100 nV P.C.T HP34E6A
Accuracy: 0,0035%, 6% Jigit
Signature Anclyzer - T HPEOO4A
HP.8 Controler Full HP-IB napabilities C, TP HP8B, 9816,
8826, 9836
CC PARD Test No saturation at 10 Adc P Tektronix P6303
Current Probe Bandwlidth: £0 Hz to 20 MHz Probe/AMEN3 Amp/
: TMB00 Power Madule
Elec.ronic Load Voitage range: 60 Vdc P,C* Transistor Devices,
Current rangs: 10 Adec Mods}
Power range; 250 watts DLP 130-1€ 760
Open and short switches
CC PAND Test Value: 2,30, >00 W P
Accuracy: 1% Rheostat or Resistor Bank
Currert Monitoring Value: 100 mV @ 10 A (10 m&l) P,C
Reslstor Accuracy; 0.02% ** TC: 20 ppm /°C
Calibration and Value: 100 0, 5%, 1 W C,T

Termlr-ting Velue: 50 1 £5%, P .

Resistors (2} noninductive

Blocking Value: 0,01 uF, 100 Vdc r

Capasitors (%} )

Crmmon-made =3.7uH/un? P Furrox-Cube

Taroidal Core ~ 23mm LD, £50T600-3C8,
HP 9173-0CH

Switch SPST, 10 A @ 60 Vdc ] ?

OC Power Voltage range: 0-60 Vdc cT HFE024A

Supply GCurrent range: 0-3 Ao

P = performanc. tesiing C = calibration adjustments T = troubleshecating

* For calibration, either tt tectron.s load or the load resistor I required.

»» | ¢ss ac_urate, and less expensive, current-monitor resistors can be used, but the accuracy to which current programming and
readback can be chacked must be reduced accordingly. .

5-2
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. Tabla 52, Guide to Racalibration After Hepair
Printed Circuit Perform
: Clrcuit Within Reference These
o Beard Block Name Block Designhator Procedures «»
‘ A1 Maln Board R3 5-18,5-19
A1l Main Board T1 5-20
A4 Power Mesh Board T3 5-20
A4 Power Mesh Board CR? 5-20
A2 Control Board Caonstant Voltage Al Excapt All 5-10,6-11,5-12,
{CV) Clrcult Current Source 5-13,6-14,6-16
A2 Control Board Canstant Votlage Current Source All 6-21
{CV) Clrcuit .
A2 Control Board Constant Current All 5-16,6-17,6-18
{CC) Circuit 5-19
AZ Control Board Power Limit Comparator All 5-20
A2 Contrcl Board Blas Power Supplies + 8 —15V Supplies All b-10—5-21
A7 PSI Board Voltage Monitor Buffer All 5-10,6-12,5-13
5-14,6-16
A7 PSI Board Analog Multiplexer All 5-12,5-13,6-14,
i 5‘15
o A7 PSI Board Successive Approximation All 5-12,6-13,5-14,
A/D Converter b-16
A7 PS| Board Vol DAC All 5-12.5-13,6-14,
. b-16
A7 PS! Board Current DAC Al 517,619
AT PS! Bourd | u43 6-12,6-13,6-14,
| =.15,6-19
*Paragraph numbers of Calibration Procedures to be performed
5-10 Voltage Monitor Zaro Calibration
5-11 Common Mode Calibration
5-12 Remaote Readback Zero Calibration
6-13 Constant Voltage Full Scale Calibration
5-14 Voltage Monitor and Remote Readback Full Scale Calibration
5-16 Constant Voltage Zero Calibration
5-16 Current Mcnitor Zero Callbration
5-17 Censtant Current Zero Calibrotion
'B-18 Current Monitor Full Scale Calfbration
5-19 Constar Current Full Scale Calibration
' 5-20  Powaer Limit Calibraticn
621 Resistance Programming Full Scale Calibration
5-3
\I
I SRR F1 S eI BV MMemeymyerys afpesses-pusttps Srmorery T ae? s 2 8 1284 ey -
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Table 5-1, Calibration Values

Hefarence Celibration ' DVM Corract Value
Number Procedure Rof Daos (%onnncthi.-n And Tolerance
- 10 + o
1 Voltage Monitor Zero A2R22 UM to AZJ2-3 OV £20 pV
2 Common Mode . A2R2) UM to A2J33 It veading £20 pV
3 p/o Remote Readback A7RA0 UM to A2J3-3 625 4V £30 pV
Zero ‘
4 - | p/o Remote Readback A7RG1 - Toggles between
Zero 0 and 16 mV
5 Constant Vltage A7RES ~Sto +S 60.0076 V +1.82mV
Full Scale
6 p/o Voltage Monltor ATRTE UM to A2J3 3 5.000625 V 1 100 pV
And Remote Readback
Fult Scale *
I
7 p/o Valtage Monitor ATRB1 - Toggles between 60 V
And Remote Readback and 0.6 V
Full Scale
8 Constant Voltage A7TR40 -Sto +5 0V £120 pv
Zero
9 Current Monitor Zero AZRB UM 1o IM 0V £26 pV
10 Constant Current A7R29 Across Rm 0V +£360 pV
Zero .
1 Current Monitor A2R9 Across Bm 0.002) X {Initial
Full Scale Reading) t 100 gV
12 Constant Current A7RBS Across Bm 100 mV 210 pV
Full Scale
13 Resistance Programming A2R23 VP 10 VP 26V + 4mV
Full Scale
5-9 Initial Setupl g. Connect an HP-1B controller to the pawer supply.

h. Reconnect line cable and turn on ac power,

i. Allov unit to warm up for 30 minutes.

j. When attachir.g the DVM, the minus lead of the DVM
should be connected 1o the first node listed, _ad the plus
lead should be connected to the second nade listed.

k. Atthe beginning of each callbration procedure, the power
supply should be ir: its power-an state [turn ac power
off and back on), with no external circultry connected
except as instructed.

a, Unplug the line cuble and remove the top cover by ramov-
ing three screws; the rear handle screw and the two top-
rear-corner screws, Do not remave the front handle scraw
as the realning nut will fall Into the unit.

b. Slide the cover to the rear.

¢. Plug a control board test connector A2J3 onto the A2J3
card-edge fingers.

d. Turn OVERVOLTAGE ADJUST control A3RE9 I. The POWER LIMIT adjustment {A2R26) must be adjusted
fully clockwise. at least coarsely beforg many of the calibration procedures

e. Disconnect all loads from output terminals, can be performed. If you have no reason to suspeact that

f. Connect power supply for local sensing, and ensure that the Powur Limit circuit is out of adjustment, do not
MODE switches are set as shown (n Figure 3-4, disturb its setting.
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Otherwise, center AZR2b bsfore you begin to calibrate \
the power supply. \
m. Turn off ac power when making or removing canneclons \

0 to the power supply. ovM
. | WARNING I i

RS
Maintenance described herein is performed with ‘ Ikl
power supplied to the instrument, and protective 1 ‘ 5| 174w
covers removed. Such maintanance should be per- Q ‘E}
formed only by service trained personnel who are iy
aware of the hazards imvolved (for example, fire and HP 6038A
electrical shock). Where maintanance can be per- Lo -
formed without power appiied, the power should WT?I—WIE
be removed. il 0ol B

5-10 Voltage Monitor Zero Calibration

a. Send string "OUT OFF”, : +
b. Short power supply output terminals, EXTERNAL
c. Attach the DVM from /M on the rear panel to A2J3 POWER
pin 3 {(VMONT). bt
d. Adjust A2R22 (V-MON 2ERQ) to Tabla b-3 reference #1.
Figure 5-1. Common Mor_le Setup
B-11 Common Mode Calibration ' |
n, Send string "OUT OFF”.
b. Short power supply sense tarminals { + 5 to - S) at rear
panel.
¢. Attach the DVM from 7 M on the rear panel to A2J3
o pin 3 (VMONT). 10
d. Take initial reading from DVM, ﬁioon an ]
e. Aemove both local sensing straps from rear-panel terminal )
. 50mA HP €038A
black, anc connect a 1-volt extarnal powsr supply with SOURCE N
its + lead to ~ S and its—lead to -~ Out. See Figure 6-1. At . e
f. Adjust A2R21 [CV LOAD REG} to Table 5-3 reference #2. =8 [@rﬁhﬁ% )
g. Replacelocal sense straps after remaving external power
supply.
5-12 Remote Readback Zero Calibration

Figure 6-2. HAemote Aenadback Zero And CV Zero
NOTE Celibration Setup
c. Attach the DVM Yom vM on the rear panel to A2.)3
pin 3 (VMONT).
d. Adjust A7R40 (CV PROG ZERO) to Table 5-3 reference
#3.
e, Remove the DVM,
{. Enter and run the following program and begin noting
* the controller's display:
10 OUTPUT 705; "VOUT?”
10 ENTER 705; A
30 DISP A
40 GOTO 10
B0 END

This procedure and the following three procedures
must be done as a set, without omitiing any of the
four procedures. Also, the folfowing four pro-
cedures require that V-MON ZERO (A2R22) be
adjusted within specifications. If it 15 not, perform
the Voitage Monitor Zero Cnlbration before
proceeding.

a. Connect an external supply to the power supply as shown
fn Figuse B-2.

b. Send string "VSET 0; ISET 5; QUT ON",




5-13

5-14

g. Adjust A7RE1 (READBACK ZERO) until the value
displayed on the controller toggles hetween ihe values
iisted [ Table 5-3 reference #4,

h. After ac,.sting A7RE1 you must continue the calibration
procedure through to the completion of Constant Valage
Zero Calibration, or CV Zero will be off by 7.6 mV.
Remember to disconnect external power supply and
resistor.

Constant Volitage Full Scale Calibration
NOTE

Perform this procedure only after completing
Remote Readback Zero Calibration.

a. Remove all external test circuits.

b. Send string "VSET 60; ISET 6",

c. Afttachthe DVM from —S to + S terminals on rear pang).

d. Adjust A7RE8 (CV PROG F.S.) to Table 6-3 reference #5.

e. After adjusting A7RE8 you must continue the calibration
procedure through to the completion of Constant Voltage
Zero Calibration, or the zero will be off by 7.6 mV.,

Voltage Monitor and Remote Readback
Full Scale Calibration

NOTE

Perform this procedure only after completing Con-
stant Voltage Full Scale Cailbration,

a. Attach the DVM from ¢ M on the rear panel to A2)3
pin 3 (VMONT). See DVM connection in Figure 6-1,
b. Send string “VSET 60; ISET 5; OQUT ON".
c. Adjust A7R75 (V-MON F.S.) to Table 5-3 reference #6,
d. Disconnect the DVM.
e. Enter and run the following program and begin noting
the controller’s display.
10 QUTPUT 705; "VOUT?'
10 ENTER 706; A
30 DISP A
40 GOTO 10
50 ENC

f. Adjust A7R61 (READBACK F.S.) until the value displayed
on the controller taggles between the vatues listed In
Table 5-3 reference #7.

g. After adjusting A7R61 you must continue the calibration
procedure through to the completion of Conetant Voltage
Zero Calibration.

5-15 Constant Voltage Zero Calibratior
NOTE

Perform this procedure only after completing
Voitage Monitor and Remote Readback Full Scale
Calibration.

5-6

5-16

5-18

a. Send string "VSET 0; ISET B; QUT ON".

b. Connect an external supply to the power supply 8s shown
in Figure 5-2,

c. Attach the DVM from —-S to +5 on the rear panel.

d. Adjust A7R4Q {CV PROG ZERO) to Table 6-3 reference
1.

Current Monitor Zero Calibration

a. Send string VSET 0; ISET 0; QUT OFF".

b. Connect a short across power supply oulput terminals.

c. Attach the DVM from ¥ M to IM on the rear panel.

d. Allow several minutes (3 ar more} to ensure thermal
settling.

e. Adjust A2R8 (I-MON ZERO) to Table 6-3 reference #9.

5-17 Constant Curcent Zero Calibration

a. Connect the test satup shown In Figure 6-3.

b. Send string "VSET 2; ISET 5; OUT ON”,

c. Allow several minutes 3 or more) to ensure thermal
settling.

d. Adjust A7R23 (CC PROG 2ERQ) to Table 5-3 reference
#10.

Current Monitor Full Scale Calibration

* NOTE

This procedure requires that I-MON ZERO (AZR8)
be adjusted within specifications. If it is not, per-
form the Current Monitor Zero Cafibration before
proceeding.

a. Connect Am current-monitoring shunt {10 milliohm,
0.05% or better) across power supply output terminals.

b. Send string “VSET B; ISET 10; OUT ON".

¢c. Attach DVM fram M to IM on the rear panel. Use
six-digit display on HP 3466A DVM.

d. Take Initial reading from DVM.

e. Attach DVM across Rm. Allow several minutes (3 or
more) to ensure thermal settling. This can be noted as
a stable reading on the DVM.

f. Adjust A2R9 {I-MON F.S.} to Table 5-3 reference #11.

5-19 Constant Current Full Scale Calibration

NOTE

This procedure requires that CC PROG ZERO
{A2R29) and I-MON F.S. (AZR3) be adjusted within
spacifications. If they are not, perform Constant
Current Zero and/or Current Monitor Full Scale
Calibration before proceeding.
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- a. Connect Nm current-monitoring shunt (10 milllohm,
0.06% or better) across power supply output terminals.
b. Send string "VSET B; ISET 10",
¢. Attach DVM ecross Rm. Aliow several minutes (3 or
more) to ensure thermal settling.
d. Adjust A7R55 (CC PROGF.S.) to Teble 5-3 reference #12.

5-20 Powaer Limit Calibration

NOTE

This procedure requires that CC PROG F.S.
{ATRES) bé adjusted within spacifications. If it is
not, perfarm Constant Current Fulf Scale Calibra-
tion before proceeding.

a. Connact the power supply to the ac power line through
a variable autotransformer which ls set to the minimum
for your line voltage {(e.g., 104 V far nominal 120 V lins).

b. Turn A2R25 (POWER LIMIT) fully counterclockwise.

¢. Connect an electronic load across the output terminals,
{A 2.3 ohm reslstor can bas used).

d. Set the electronic load for 10 amperes in the constant
Current mode.

e. Turn on power supply and send string “VSET 23; ISET
10.2",

f. Adjust A2R25 (Power Limit) clockwize until CV LED on
front panel turns on.

g. Power Supply output shall be 23 0.3 volts and 10
amperes,

6-21 Resistance Programming Full Scale

Callbration

a. Send string "OUT OFF",

b. Connecta 2-kilohm calibration resistor from é? Pto VP
on rear panel.

c. Set rear-panel MODE switches for resistance
programming:

B6

Bi

bl

Q1

d. Attach the DVM from 7P io VP on the rear panel.
e. Adjust AZR23{R-PROGF.S.) to Table 5-3 reference #13.
f. Remember to reset MODE switchas to original settings.

&7

o R T ™ e

Ly}
300 Uoan )
50mA HP 60384
SOURCE N e
DD

DM

Figure 6-3. CC Zero Calibration Setup

5-22 PERFORMANCE TESTS

523 The following paragraphs provide test procedures for
verifying the unit's compliance with the specifications of Table
1-1. Please refer to CALIBRATION PROCEDURE or
TROUBLESHOOTING if you observe out-of-specification
performance.

5-24

5-26 Setup For All Tests. Measure the DC output voltage
directly at the +S and - S tenininals. Connect unit for local
sensing, and ensure that MODE switches are set as shown in
Figure 3-4. Select an adequate wire gauge for load leads using
the procedures given in Saction Il for connecting the load.

Measurement Techniques

5-26 Electronic Load.The test and calibration procedures
use an electronic load to test the unit quickly and accurately.
If an electronic load is not available, you may substituie a
18 2 load reslistor, capable of safetly dissipating 200 watts, for
the electronic, load In these tests:

CV Source Effect {Line Regulation)
CC Load Effec* (Load Regulation}

T e e




You may substitute a 2 02, 200 W or more, load resistor in these
tests:

CV Load Effect [Load Regulation}
CV PARD (Ripple and Noise)

CC Source Effect {Line Regulation)
CC PARD (Ripple and Noise)

The substitution of the load resistor requires adding a load
switch and making minor changes to the procedures, The load
sransient recovery time test procedure Is not amenable to
madification for use with load resistors,

5-27 An electronic load Is considerably easler to use than
a load resistor. It elminates the need for connecting resistors
or theostats In parallel to handle the power, it Is much more
stable than a carbon-pile load, and it makes easy work of swit-
ching between load conditions as Is required for the load regula-
tion and load transient-response tasts.

5-28 Current-Monitoring Resistor. To eliminate output-
current measurement error caused by voitage drops in the leads
and connections, connect the current-manitoring resistor be-
tween - OUT and the load as a four-terminal device. Figure
5-4 shows carrect connections. Connect the current-monitoring
test leads inside the load-lead conriectic ' directly at the
monitoring resistor element. Select a resistor with stable
characteristics: 10 mf, 0.02% accuracy, 20 ppm/°C or lower
temperature coefficlent and 10 A current rating.

NOTE

A current-monitoring resistor with 1% accuracy is
suitable for all tests except current programming
accuracy and current readback accuracy. For these
tests, use a 0.02% shunt as listed in Table 5-1.

MONITCRING
TERMNALS LCAD
{’ N
bl 10 POSITIVE
TQ NEGATIVE Ul
'IEURMINAL oF -—o—L'W\.—L - —\9&- 4 |—w TERMINAL CF
POWER SUPPLY LY ¥ POWER SUPPLY
LOAD TERAMINALS

Figure 5-4. Current-Monitoring Resistor Setup

529 HP-IB Controller. Mast performance tests can be per-
{formed using only front-panel controls. Huwever, an HP-IB con-
troller Is required to perform the voltage and current program-
ming accuracy tests and the voltage and current readback
accuracy tests,

(“l

[}

5-30 Constant Voltage (CV] Tests

5-31 CV Setup. If mare than one meter or a meter and an
oscilloscope are used, connect each to the +5 and - S ter-
minals by o separate pair of leads to avoid mutual coupling
effects. Connect only to + S and -S because the unit regulates
the output voltage between +58nd — S, natbhetween +OUT
and — OUT. Use coaxial cable or shielded 2-wire cable to avoid
pickup on test leads, For all CV tests set the output current
at full output to assur: CV aperation.

532  Voltage Programming And Readback Accuracy.
This procedure verifies that the voliage pragremming and read-
back functions are within specifications. An HP-IB contraller
must be used for this test.

3, Connect digital voitmeter between +S and -8,
b, Turn on ac pawer to the power supgly,
¢. Sond string “VSET 0.09; ISET 10",

d, The DVM reading should be ir the ronge 0.075 10 0.105
Vde, Note the reading.

e. Enter and run the following program:
10 QUTPUT 705; “VOUT?”

20 ENTER 705;A

30 DISP A

40 GOTO 10

80 END

f. The value displayad by the controller should be the value
noted in step d £0.015 Vdc.

. Send string “VSET 60; ISET 10",

h. The DVM reading shuld be in the range 59.939 to 60.061
Vdc. Note the reading.

i, Run the program listed in step e. The value displayed by
the controller should be the value noted In step h +£0.092
Vde.

533 Load Effect [Load Regulation}. Canstant-voltage
load effect Is the change in de output valtage (Eo) resulting from
a load-resistance change from open-circuit to full-toad. Full-load
Is the resistance which draws the maximum ratad output cur-
rent at voltage Eo. Proceed as follows:

a. Connect the test equipment as shown in Figure 5-b,
Operate the load In constant resistance mode
{Amps/Volt) and set resistance to maximum.

. Turn the unit's power on, and, using DISPLAY SET-
TINGS pushbutton switch, turn up curent setting to full
output,

c. Turn up output valtaae 5 20.0 Vdc as read on the digltal

voltmeter.

Reduce the resistance of the load to draw an output cur-

rent of 10 Adc (0,1 Vdc across Rm), Check that the unit’s

<V LED remains lighted.

.
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e. Record the output voltage at the digital voltmater.

f. Open-circuit the load.

g. When the reading settles, record the cutput voltage
again. Check that the two recorded readings differ no
more than +0.005 Vdc.

UNIT UNOER TEST

.45 -5
* é’\ PN
2| ipleid y_:__w_u_em_}
yal +
-
Rm 5710 S
1Oma > VM
Nos
ELECTRONIC LOAD
L
T
Figure 5.-5. 3asic Test Setup
5-34 Source Effact {Line Regulation}. Source rffect is

the changa in dc output voltage resulting from a char ge [n a;
input voltage from the minimum to the maximum value as
spacified in Input Power 3equirements in the Specifications
Table, Section |I. Praceed as follows:

a. Connect the test equipment as shown in Figure 5 5.
Operate tnc Joad In constant resisiince mode
{Amps/Volt) anu set resistance to maximum.

. Connect the uni: to the ac power line through a variable

autotransformer which is set for nominal line voltage.

Turn on power cupply and allow 1t to warm up for 30

minutes. Usiny DISPLAY SETTINGS pushbutton switch,

turn up current setting to full output.

d. Turn up output voltage to 60.0 Vde as read on the digitas

voltmeter.

Reduce the resistance of the foad to draw an output cur-

rent of 0.053 Adc {0.010 Vde across Rm). Check that the

unit’s CV LED remains lighted.

c

e

59

f. Adjust autotransformer to the mipimum for your line

voltage.

g. Record the output voltage at the digital voltmeter.

h. Adjust autotransformer to the maximum for your line
voltage.

i, When the reading settles record the qutput voitage agatn.
Check that the two recorded readings differ no mars than
+0.008 Vdc,

5-36 PARD {Ripple And Noise), Periodic and random
deviations (PARD} in the unit’s output—ripple and nolse—
combine to produce a residual ac voltage superimposed on the
dc output voitage, Constant-voltage PARD is specified as the
root-mean-square (rms) or peak-to-peak {pp) output voitage in
a frequency range of 20 Hz to 20 MHz.

5-36 RM3 Measurement Pracedurs. Flgure 5-6 shows
the interconnactions of equipment to measure PARD in Y/rms.
To ensure that there [s no voltage ditferance betweea the
voltmeter's cose and the unit's ¢ase, connect both to the same
ac power out'et or check that tha two ac power outlets used
have the same earth-ground connection.

UNIT UNDER TEST

MODE

TRUE-AMS YOLTMETER

ELECTROMC LOAD

t

Figure 6-6. RMS Maasuremant Test
Setup, CV PARD Test

5-37 Use the common-mode choke as shown to reduce
ground-loop currents from interfering with measurement,
Reduce nolse pici.up on the test leads by using 50 @ coaxial
cahly, and wind it five turns through the magnetic core to form
the common-mode choke. Proceed as foliows:




a, Connect the tast equipment as shown In Figure 6-6.
Operats the load [n constant rosistance mode
{Amps/Vcit) and set resistance to muximum,

b, Turn the unit's power on, and, using DISPLAY SET-
TINGS pushbutton switch, turn up current setting to full
output,

c. Turn up cutput voltage to 20 Vde.

d . Reduce the reistance of the load to draw en output cur-
rent of 10 Adc. Check that the unit’'s CV LED remains
lighted.

. Check that the rms nolse voltage at the true rms voltmater
is no more than 3.0 mV rms.

538  Peak-To-Peak Measurement Procedure. Figure 5-7
shows the Interconnections of equipment to measure PARD
in Vpp. The equipment grounding and power cannection in-
structions of Paragraph 5-36 apply to this setup also. Connect
the oscilloscope to the + OUT and — OUT terminals through
0.01 uF blocking capacitors to protect the oscilloscope's input
from the unit's output voltage. To reduce common-mode nolse
pickup, set up the oscitloscope for a differential, two-channel
voitage measurement, To reduce normal-made nolse pickup,
use twisted, 1 metre or shorter, 50 @ coaxial cables with shlelds
connacted to the oscllloscope case and tc each ather at the
other ends. Proceed as follows:

a. Connect the test equipment as shown In Figure B-7.
Operate the load in canstant resistance mode
{Amps/Valt) and set resistance to maximum,

UNIT UNOER TEST

Loopr
00t mrﬁgmm

+
B
-3+

1

PP

Figure 5-7. Peak-To-Paak Measuremant Test Setup, CV
PARD Test

5-10

. Turn the unit's powar on, and, using DISPLAY SET-
TINGS pushbutton switch, turn up current setting to full
gutput.

Turmn up cutput voltuge to 20 Vde.

. Reduce the resistance of the load to draw an output cur-
rent of 10 Adc. Check that the unit’'s CV LED remains
lighted.

Set the oscllloscopa’s input impedance to 6 { and band-
width to 20 MHz. Adjust the controls to show the 20 kHz
and higher frequency output-nolise waveform of Figure
5-8,

f. Check that the peak-to-peak Is no more than 30 mV.

L

)

104 VAC z0v (@) 754MP

SmwC

J#g.-

0SEC/OV
Figure 5-8, 20 kHz Noise, CV Peak-To-Peak PARD

6-33 Load Transient Recovery Time. Specified for CV
operation only; load transient recovery time [s the time for the
output voltags to raturn to within a speciffed band oround its
set voltage following a step change n load.

b-40 Use the equipment setup of Figure 5-b to display out-
put voltage transients while switching the load between cither
10% 1 orb0% | with the output set at 20 Vde, Proceed as
follows:

a, Connect the taest equipment as shown in Figure &-5.
Operate the load in constant-current mode and set for
minimum current.

. Turn the unit’s power on, and, using DISPLAY SET-
TINGS pushbutton switch, tum up current setting to full
output,

. Turn up output voltage to 20.0 Vdc as read an the dightal
voltmeter,

. Set the load to vary the load current between 3 Adc and
10 Adc at a 30 Hz rate for the 10% RECOVERY TEST,
or between 6 Adc and 10 Adc at a 30 Hz rate for the 0%
RECOVERY TEST.

. Set the oscilloscope for ac coupling, internal sync and
lack on elther the positive or negative load translent,
Adjust the oscilloscope to display transients as in Figure
5-9.

. For 10% RECOQVERY TEST check that the pulse width,
of the transients at 76 .V is no more than 1 ms and for
a8 B0% RECOVERY TEST that the pulse width of the tran-
slents at 200 mV is no maore than 2 ms.
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Figure 5-9. Load Transient Recovery Waveform

5-41 Temparature Coefficient, Temperature coefficient
(TC} Is the change In output valtaga for each degree Calsius
change in amblent temperature with constant ac line voltage,
constant gutput-voltage setting and constant load resistance.

5-42  Measure temperature coefficient by placing the unit
in an oven, varying temperaiure over 8 range within the unit's
oparating temperature range, and measuring the change in out-
put voltage. Use 8 larye, forced-alr oven for even temperature
distribution, Leave the unit at each measurement temperature
for one hatf hour to allow [t to stabllize before taking output-
voitage measurements, Measure the output voltage with a
stable digita) voltmeter tocated outside the aven so volimoter
drift does not affect the measurement accuracy, To measure
gain TC, proceed as follows:

a. Connect DVM between +8 and - S.

b. Place the power supply in oven, and set temparature %o
30°C.

¢. Turn the unit’s power on, and, using DISPLAY SET-
TINGS pushbutton switch, turn up current setting to full
output.

d. Turn up output voltage to 60.0 Vde as read on the digital
voltmeter,

e. After 30 minutes stabilization record tha temperature (T1)
to the nearest 0.1°C.

f. Record the output valtage (E1) at digltal voltmeter.

g. Set oven temperature 1o 50°C,

h. Afer 30 minutes stabilization, record the temperature (T2}
to the nearest 0.1°C,

i. Record ths wutput voltage (E2).

j. Check that the magnitude of the output-valtage change
i3 no greater than 0.120 V.

To measure offset TC, repeat above pracedure with output

voltage set to 0.10 Vde, The magnitude should be <3.1 mV.

643  Drift [Stabllity). Driftis the change in output voliage
beginning after a 30-minute warmup during eight-hours opera-
tion with constant ac input line voltage, constant load resistance
and constant amblent temperature,
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&-44  Measure drift hy monitoring the unit's output voltage
ovar an eight-hour perlod following the 30-minute warmup, Use
a diyital voltmeter and record the output at Intervals, or use
strip-chart recorder to provide & continuous recojd, Check
that the voltmeter's or chart recorder’s specified drift during
the eight hours will be no more than 0.001%. Place the unit
in a location with constant air temparature — preferably a large,
forced-air oven tet to 30°C—and verify that the ambient
temperature does not change by manitoring with a thermomater
near the unit. {Typlcally the dritt during 30-minute warmup Is
greater than the drift during the eight-hour test,) Proceed as
follaws:

a. Connect DVM hetween +S and - S.

b. Turn the unit's power on, and, using DISPLAY SET-
TINGS pushbutton switch, turn up current setring to full
cutput,

¢. Turn up output voltage to 60.0 Vdc as read on the digital
valtmeter.

d, After a 30-minute warmup, note reading on DVM,

e. The owtput voltage should not geviate mare than 0.014
V from the reading obtained in step d over a period of
8 hours.

To measure offsat drift, repeat ahove procedure with output
voltage set to 0,105 Vde. The megnitude should be <3.1 mV,

5-45 Constant Current {CC) Tests

5-46 CC Setup. Constant-current tests are anefogous to
constant-voltage tests, with the unit's output shaort circuited
ard the voltage set to full output to ussure CC operation, Follow
the generat setup instructions of paragraphs 6-23 through 6-28.

5-47 Curront Programming And Readback Accuracy.
This pracedure verifies that the current programming and read-
back functiors are within spaclfications. An HP-1B contraller
must be used ior this test, The accuracy of the current shunt
resistar (Rm) must be 0.02% or better. Proceed 8s follows:

a. Connect test setup shown In Figure 6-5, except replace
the load with a short clrcult,

b. Turn on ac power to the power supply.

¢. Send string "'VSET 60; ISET 0.5,

d. Check that the voltage across Rm is in the range 5.16
to 4.856 mVdc. Note the reading.

a. Enter and run the following program:

16 QUTPUT 705; “IOoUT?"
20 ENTER 705; A

30 DISP A

40 GOTO 10

B0 END

f. The value displayed by the controiler should be the

actual output current {value noted in step d times 100
+ 0.025 Adc.

. bk E———— i o e e




g. Send string “VSET 60; ISET 10”.

h. Check that the voltage avross Rin Is In the range 0,10018
to 0.78982 Vdc. Note the reading.

i. Rur, the program listed In step &,

J. The value displayed by the controlier should be the
rctyal output current {value noted in step h times 100)
+ 0.031 Ade.

5-48 Load Effect {Load Regulation}. Constant-current
load effect Is the change In dc output current {lo) resulting from
a loau-resistance change from short-circuit to full-load, or full-
load to short-circuit. Full-load Is the resistance which develaps
the maximum rated output voltage at current lo. Proceed as
follows:

8. Connect the test equipment as shown in Figure 6-5.
Cperate the load in canstant resistance mode
{Amps/Valt) and set resistance to minimum.

b, Turn the unit's power on, and, using DISPLAY SET-
TINGS pushbutton switch, turn up voltage setting to full
output,

¢. Turn up cutput current to 3 Ade {0.030 Vidc across Rm).

d. Increase *be load resistance until the output voltage .t
+S 8nd ~ S increases to 61 Vde, Check that the CC LED
Is still lit.

a. Short-circuit the load and allow the voltage acrose Rm
to stabliize.

f. Record valtage across Bm.

g. Disconnect short across load.

h. When the reading settles { = 10 s}, record : voliage
ac:uss Rin again. Check that thy two recordec readings
differ no mote than t53 pVdc.

5-49  Saurce Effect ({Line Regulation}. Constant-current
scurce effect is the changa 'n dc output current resuiting from
a change [n ac lnput voltage from the minimum to the max-
imum values listed in the Spec:#cations Tabla in Section |. Pro-
ceed as follows:

a. Connect the test equipment 55 shown In Figure 5-5.
Operate the loed in constant resistance mode
(Amps/Volt} and set resistance to minimum.

b. Connect the unit to the ¢ power line through a varishla

autotransfarmer set for nominal line voltage.

Switch the unit's power an and turn up output voltage

sotting to full output.

d. Turn up output current to 10 Ade {0.10 Vdc across Rm).

a. Increase tha load resistance until the output valtage he-
tween +S and — S decreases 10 20.0 Vde, Chrck that
the CC LED 15 still on.

f. Adjust gutotransformer to the minimum for your line
voltage.

3. Record the voltage across Rm.

C

h. Adjust autotransformer to the maximum far your line
voltage.

b
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i. Whaen the reading settles record the voltage across Hm
again, Check that the two recorded readings differ no
mare than +30 gV,

5-50 PARD {Ripple Aad Nolse). Periadic and random
deviations (PARD) In the unit's cutput (ripple and noise) com-
bine to produce a residual ac current as well as an ac voltage
super-imposed on the dc output. The ac voltage is measurad
as canstant voltaga PARD, paragraph 5-36. Canstant-current
PARD Is specified as *he root-mean-square {rms) output cur-
rent In a frequency range 20 Hz to 20 MHz with the unitin CC
operation. To avoid incorrect measurements caused by the [m-
pedance of the slectronic load at noise frequencies, use a 2 0}
load resistor that is capable of safely dissipating 200 watts. Pro-
ceed as follows:

a. Connect the test equipment as shown in Figute B-10.

b. Switch the unit’s power an and tum the output voltage
all the way up.

¢. Turn up output current to 10.0 Adc, Check that the unit's
CC LED remoins lighted.

d. Check that the nms noise current measured by the cur-
rent probe and rms voltmeter is no more than B mA rms,

e TRUE RHS VOLTMETER
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»20UW LOAD
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Figure §-10. CC PARD Test Setup

HP.IB, PSI. Front Pane! Troubisshooting Blocks fcontinued)




TROUBLESHOOTING

Maintenance dascribed herein is performed with
power supplied to the motrument, and protectie
covers resmoved, Such maintenance should be per-
formed onty by service-trained personne! who are
aware of the hazards involved {for example, fire and
electrical shack]. Where maintenance con be per-
formed without power applied, the power should
he removed,

5-51

5.62 Before attemnting to truubleshoot this instrument,
ensure that the fault is with the Instrument itself and rot with
an assoclated circult. The performance test enables this to be
determined without havirg to remove the covers from the
supply.

5-53 The most important aspect of troubteshaotirig is the
fermulation of a loglcal approach to lacating the dource of trou-
ble. A good understanding of the principles of operation is par-
ticutarly helpful, and it Is recommended that Section IV ot this
manual be reviewed before attempting to troubleshoot the un.i
Often the user will then be able to isalate a problem simply by
using the operating controls and indicators, Once the principles
of operation are understaad, refer to the fallowing paragraphs.

6-54 Section VI contains schemads diagrams and informa-
tion concerning the voltage levels ead waveforms at many of
the importan® test polnts. Most of the tast paints used for
troubleshooting the supply are located on the cantral hoard test
"fingers’”, which are accessible close to the top of the board,
see Table 5-10. Other test points are available on the Powe?
Supply Interface board as shown in Table 5-8.

5-65 If i« component is found to be defective, replace it and
re-conduct the performance test. When a campanent is re-
placad, refer to Calibration Procedure in this sestion, It may
be necessary to perform one or more of the adjustment pro-
cedures after a component is replaced,

5-56 Initial Troubleshooting Procedures
5-657 If a problem occurs, follow the steps kelow in
sequence;

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

b. Check that the settings of MJDE switch A2S1 are cor-
rect for the dzsired made of operaticn (see Table 3-4).

¢ Check that all connections to the power supply are secure

and that circuits between the supply and externat devices
are not interrupted.

Check that the rear-panel HP-1B address switch A8S1 is

properly set,

e. If the power supply fails turn-on self-test or gives any
other indication of malfunction, remaove the unit from the
operating syster o:fore proceeding with further testing.

a

513

I WARMNING ﬂ

Some circuils on the po wer mesh are connected
directly ta the ac powsr lind, Exercise extrems cau-
tror when working on energizeo circuits. fnergize
tha supply through an isolavon transformer to avoid
shorting ac energired circuits through the test in-
strumant’s input lead's. The isolation transfarmer
must have a power rating of at least 1 kVA, ur-
ing work on energized circuits, the safest practice
is to disconnect power, make or change the test
connections, and then re-apply power.

Make certain that the supply’s ground terminal
{ = } i3 securely connected to an earth ground
belore anplying power. Failure to do so will cause
a patei.a shack hazard that could resuit in per

sanal injury.

5-58 Elactrostatic Protection

5-69 The following caution gutlings important precautions
which should be observed when work.ing with static sensitive
comuonents in the power supply.

CAUTION !

This mstrument uses comparents which can he
damaged by static charges. Most sermiconductors
can sulfer serious performance Jegradation as &
result of static charges, ever. thougir complete.
fadura may not uccur, the fellowing precautions
shauld be observed when handling static-sensitive
devices

a. Alway. turn power off before removing dr Installing
printed- Lircuit boeards,

b. Always stored cr transport statc-sensitive devices (all
semicanductors and thin-film devices) in conductive
materiul. Attach warning labels to the centainer or bug
2nclosing the device.

¢. Handle static-sensitive ~evices only at static-free work
stations. Thase work stations should include speciat con
ductive wark surfaces (such as HP Part No. 920¢-0797)
grounded through a one-megohm resistor. Wote that
metal tabie tops and highly conductive carbon-
impregnated plastic surfaces 2re 100 condurtive; they can
act as large capacitors and shunt charges too quickly.
The work surfaces should have distributed resistance of
between 10% and 10'? 1 per square.

d. Ground gll conductive equipment or devices that may
come in contact with static-senstive devices or sub-
assemblies containing same.

Where direct grounding o* objects in the work area is im-
praclical, a static neutralizer should be used (jonized-sir
blower directed at work}. Nate that the, method is con-

“siderably less effective than direct grounding and provides
less protection for static-sensitive devices.

b




f, While working with equipment on which no point exceeds

BOO Volts, use @ conductive wrist strap in canact with

skin. The w.ist strdp should ke connected to ground

tho,ugh a one-megohm resistor. A wrist strap with in-

suluted cord end bullt-in resistor is recommended, such

85 IM Co . No, 1066 (HP Part No, 9300-0969 {sma" and
' §300-0970 (targ2l). | :

m '

Do nat veear 8 conductive wrist stmp when work-

} frg v.rth potu.ytials in excess of 500 volts; the one-
megohm resistor will provide insufficient curvent
fimiting for persar.al safety.

a. All grounding {device being repaired, test equipment,
. solaering iron, work surface, wrist strap, etc,) should be
done to the same point,
h. Do not wear nylon clothing. Kuep clothing of any kind
fror.) coming within 12 inches of static-sensitive devices.
b Low-fmpedance tust equipment (signal generators, lagic.
pulsers, etc.) should be connected to static-sensitive in-
puts only while the components are powered,
j. Use a mildly activated rosin core solder [auch as Atpha
.- Metal Reliacor No. 1, HP Part No. B030-0038) for repair.
The ffux residue of this type of solder can be left on the
printed-circuit board. Ganerally, it is sater not to clean
the printed-circuit board after rapair. Do noet use Frean
ar other types of spray cleangre, If necesary, the printed-
clrcuit board can ba hrusher/.E usirig a natural-bristle brush
“only. Do 1ot use nylon-biistle ar other syntt. tic-bristle
brushes. Do not use hizh-velocity alr blowes {unless
jentzed),
k. Keep the work area free of non-conductive objects such
35 Styrc’~nm-type cups, polystyrene foam, polyethyiene
" bags, ano plastic wrappars. Non-conductive devices that
are necesary in the area con be kept frem building up a
'static, charge hy spraying them with an anti-static
ichemical (HP Part No. 8500-3397).
I, Do not allow fang halr tc cume in contact with staic-
sensitive assemblies.
m. Do not exceed the maximum rated valtages specified for
the device,

5-60 . Repair And Replacement

6-61 Repair and replacemant of most components in the
power supply require only standurd technigues that should be
apparent 1o the technician, The tollowing paragrachs provide
fnstructions for removing certen assemblies and components
far whirh the procedure may not e obvious rfpon inspaction.

{

I WARNING B 4

To svoid the possibility of persanal injury, remove
the pawer supply from operation befare opening
the cabinet. Turn off ac power and disconnect the
line cord, HI-IB plug, load, and remote sense leads
before attempting any repa’r or replacement.
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CAUTION

When replacing any heatsink-mounted com-
ponents except thwmostat smear 8 thin coating
of hsptsink compound between the component
and heatsink. If a mica insulgtor is used, smear 3
thin coating of heatsink compound on bath sides
of the mica insulator,

Do nat use any heatsink cornpound containing
 silicane, which can migrate and foul electrical con-
tacts elsewhere in the system. An Oroanic 2inc ox-
ide cream, such as American Qil And Sup-
ply Company Heatsink Compound #100, is
recommended.

CALION

Mast of the attaching hardware in this:unit is
metric. The only non-metric (sometimes called
English or inch} fittings are listed below. 8e careful
. when both types of screws are removed rot to get
them mixed up.

a. lock-link/shelf-mounting biocks {4 on rear pane), une a1
each cornerl

. rear-pane! fuse hulder

. raar-panel ground binding pact

, strap-handle screws (2)

. serews that secure side chassis to front-frame casting (8,
4 on each sidel

. screws that secure front panel to frant-frame casting (4,
2 on top and 2 on bottom)

o a0 o

—

5.62 Top Outside Cover Ramoval. Remove thtee
screws — the rear handle screw (phillips, 10x32) and the two top-
rear-corner screws {Pozidriv, M4x.7) using a Size 1, Pozidriv
screwdriver. A phillips head screwdriver does not fu'ly seat
into Pozidriv screws and risks stripping the heads. {Do not
remove the frant handle screw, as the retgining nut will fall in-
to the unit.) Bemove tha top cover by sliding it to the rear and
lifting at the front.

5-63 Bottom Cover Ramoval. Remove only for repair o
main board. Remove two bottom-rear-corner screws (Pozidriv,
sax 7), and remove the bottam cover by sliding [t to the rear,
You don’t need to remove the unit's feet.

564 Inside Top Cover Removal. The unit includes an
inside cover which secures the vertical board assemblies.
Remove the inside cover for repair but not for calibration.

5-6h Remove the six mounting screws (Pozidriv, M4x.7) -

three on each side—and the five bodrd-fastening ccrews
{Pozidriv, M4x.7)—all on top. Remove the inside cover by

tifting at the front edge.

5-66  When Installing the inside cover, insert it first at thy |

rignt side. While holding it tilted up at the left, reach throvgh
the cutouts in the cover and fit the top tabs of the AB HP-IB
board into the mating siots in the cover. Then repeat the pro-
cess for the A7 PSI board tabs and slots, and finally for the




A2 control board tabs and slots. With the top cover in place
reach through the cutout sbove the A3 power mesh board align
the board-fastening screw holes, and replace the rear-most
screw 10 sacure the A3 board. Press the inside cover down
firmly while tightening screws that secure cover to chasals.
Complate the installation by replacing the ramaining ten screws,

6-67 Be careful when raplacing printed-clrcuit assemblirs
and covers not to bend any bos.ds or components,

568 A2 Control Board Removal

5-69 After removing the Inside cover, unplug the W5 and
WS ribbon cables at the top edge of the A2 control board.
Remove the A2 board by lifting first at the front edgo and then
pulling it up and out of the unit. Two connectors hold the A2
board at jts bottom edge.

570  When Installing the A2 board, insert it first at the rear
of the unit. While holding it tilted up at the front fit the A2TB1
terminal strip into the mating cutout in the reac panel. Then
lower the A2 hoard's bottom connactors Into the mating con-
nectors on the main board, Prass the A2 boerd into the con-
nectors, and reinstall the WB and W86 ritbon cakles.

671 A4 Power Mesh Board Removal

672 Aftar removing the Inside caver, remove the A4 power
mesh board by lifting using the iarge aluminumn heatsink as a
handle. Two connectors haold the Ad board at its bottom edge.

5-73 Whaen installing the A4 power mesh board, lower It
vertically into [ts connectors and press In place.

b-74 A7 PSI Board/A8 HP-IB Board Removal

6-75 Remaove the A7 PS| board and the A8 HP-IB board
together, as they are clipped together by plastic spacers. Fallow
this procedure;

2. Remove the two screws (Pozidriv, M3x.5) which attach
the AB HP-IB board to the rear panel, Hemove the single
screw (Posidriv, M4x.7) that securas the HP-IB board to
the side frame near the bottom front corner.

b. After remaving the Inside cover, unplug the W5 and W6
ribbon cables at the top edge of the A7 PSI board.

¢. Unplug two cahles from the A8 HP-IB board: the W2
3-wire cable from connector ABJ2 and the W1 ribbon
cable from connector ABJ1, .

d. Remove both the A7 board and the A8 board by lifting
the twe boards strafght up.

e. Unplug the W4 ribbon cable connecting A7J3 to ABJ3
and separats the two boards by gently pulling apart at
the four spacers, Note that the spacers ere attached to
the FSi beard and snap into the HP-IB board.

5-76 Install the A7 and AB boards by reversing the above
steps. Lower the rear sidas of the clipped-togethar beards into

5-77 A3 Front-Panel Board Rembval

6-76 Ramove the A3 front-panel board by firs: remaving the
entlre frant parel assembly. You don’t need ta remove the top
cover, Follow this procedure:

a. Remove the top plastic insert by prying up with a flat-
blade screwdri wr, and remove the frant feet by lifting
the tabs end silding toward the frent of the unit.
Remave the four front-panel assembly mounting screws
{phillips 6-32) on thn top and bottom at the corners.
Gently pull the front-panel assembly away from the unit
as far a5 permited by tne connecting cables.

d. Remave the ground-wire screw (Pozidriv, Mdx.?) holding

the green-yeliow ground wire.

Note the locations of the four power-wire cannections

to the power switch, and then unplug the guick-connect

plugs.

f. Unpm'g the W3 3-wire cable fram connector A143 on the
Al main board, and unplug the W1 ribton cable from
connector ABJ1 on the A8 HPIB board.

g. Remove the A3 board from the frant-panel pssembly by
removing the five mounting screws (Pozidriv, Mdx.7),

=)
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5-79 Install the A3 board by reversing the above steps. Con-
nact the power switch wires in the exact locatlons from which
they were removed.

5-80 A1 Main Board Removal

5-81 Remaving the A1 main board requires temoving the
rear panel, al boards except the A3 front-panel board, and 17
Al-board mounting screws, two standoffs, and interface
hracket, Component-access cutouts in the bottom Inside cover
allow unsoldsring most Al-board components for repalr without
remaving the rear panel and the A1 board.

5-82 To remove the Al board procesd as follows:

a. Remove the A2, A4, A7 and AB boards according to the
above instructions.

b. Detach the rear panel by removing the four mounting
screws (Pozidrlv, Mdx.7)--two on each side. Gently pull
the rear panel away from the unit as far as permitted by
the four wires connected to the A1 board,

¢. Remove the A7/AB bracket by removir.; three screws
{Pozidriv, M4x.7) —two on bracket, one on side of the
unit.

d. Unplug the W2 3-vire ribban cable from cannector Aljz,
and unplug the W3 3-wire cable from connector A1J3.

e. Remove the Al board by removing the 17 mounting
screws {Pozidriv, M4x.7).

f. Note locstions and then unplug the two ac power wires
and the two fan wires to the Al board.

. E the unit first and fit the bottom tabs Into their mating slots.

: } 5-15
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581  Install the A1 board by reversing the above steps. Plug
the two ac-power wiras onto the two spede terminals in the
left-rear comer of the A1 board. Usa tha table below to choose
the carrect tarminal for each wire.

AC POWER WIRE PLUG ONTO TERMINAL

from cnler designated  located
F1 fuse wht/brm/gry . left-resr comer
FL1line modute white/gray N right of abave

Plug the fan wires, Ignoring color codes if any, onto the
remaining pair of terminals,

5-84 Troubleshooting Procedure

585  The overall troubleshooting scheme for the unit con-
sists of sectionalizing the varlaus clrcuits of the supply into
blocks which are troubleshot individually. The blocks essociated
with the HP-IB/micropracessor reiated circuits will be struc-
tured somewhat differently fram those which make up the
power supply Jection. The boards which contain the former
are the A3 (front panel), the A7 (PSI) and the AB {HP-IB)
boards, They will be refered to callectively as the HP-1B sec-
tion. The power supply circuits ars an the Al {main}, the A2
{contral) and the A4 (posver mesh) boards. They will be refer-
red to as the power section.

586  Tables 6-5, 5-9, B-11, and 6-12 give various power
supply symptoms which identify the corresponding board, cir-
cuit block or comporants which imay Fave caused that symp-
tom. Tables 6-5 and b-9 are assoclated with the EP-IB circuits
while Tables B-11 and 5-12 are used for the power section,

5-87 Using the Symptom Tables

5-88 It is generally a good Iidea to examine all the symp-
toms end perform all the tests in the symptom tables starting
with Table B-5. If the tests in Table 5-6 check out positive, then
proceed to oither Table 6-11 (Performance Failures) or Table
B-12 (No-Qutput Failures). One should be chosen depending
on the fallure mode of the power supply.

5-89 Using the HP-IB Section Symptom
Table

5-90 The HP-IB section symptons Table 66 lists trouble
symptoms for problems in that section. Each symptom
references a particular block to begin troubleshooting with. The
maln table Is subdivided Into smaller tables which are arranged
in the mast useful order for trouhteshooting. The user should
therefore start a: the top of the Jist and work threugh sequen-
tially. It is not a good Idea to start in the middiy,

Table 65-4. Self Test Error Codes

Error Code Description Error Code Description
GENERAL SERIAUZER TEST
Er i Address switch seting out of rangs in tr 8 Seriahizer mathunction
seif-test mode
PSt DIGITAL LO TEST
RAM TEST #1 Err 18 Port 0 into part 5 failure
tr2 RAM failure, fower nibble Er 11 Port 1 into port § failure
Er 3 RAM failure, upper nibble Err 12 Post 2 into port § failure
RAM TEST A2 PSI DAGIADC TEST
Erd AAM failure S8 £0C occurred too early
Er 4 FOC gecurred too late
ROM TEST Er 15 CV-reference F.5. out of range
En 5 ROM #) checksum ermor B 16 CCreferenca zero out of range
Er g ROM #2 checksum esror En 17 CVriference rer out of range
Err 18 CCreference F.S. aut of range
GPB CHIP TEST
. . GENERAL
Ee? GPB chip malfunction Er 18 1D fuer set aut of range
Er 20 HPAB address switch set to 31
rita Reaktime clck maffncion £ 21 kbt not ko 6 power cn
Er 22 Can't set inhibit high

no

il ui:|=iliillliilmmll‘||m|‘Iwul‘\ A T R L LTy e B 1 T Tt ' A T A |

=!

; : 5-16
wwww.valuetronics.com



6-91 The table is divided Into an OBSERVATION and a

- GOTQ column. The OBSERVATION column describes the

symptom while the GOTO column gives the carresponding
block. if the GOTO entry s TAB X.X, that black [s part of Table
5-6. lfthe ‘GO‘TO entry is A I)(.)(, that block Is part of Table 5-9.

b-92
action or pravide a stiny

Many observations require the user to perform an
'+ sush 83 shorting the output or press-

ing a front panel switch Sym, 15 which may be smbiguous

are not included in the table as they are not very usefu in
Isalating problems, The table should not be disregarded snp-
Iy because the ohservation does nat match ane that Is given.
The user shauld try to make the supply exhibit a given symp-
tom by pertcrming the tests given in the table then proceeding
to the apprapriate black, If none of the above Is possible, go
to the observatiun described as OTHER and follow the pro-
cedure Iin the GOTD column.

5-93 Some observations concern self-test failures. The unit
performs a rigorous seif -test of its digital circuits at power-on.
These tests check the kerne! imicroprocessor, ROM, RAM),
the power mesh interface circults (1/Q ports, DACs), real-time
clack, and nperational switch setting\s. If the unit falls any test,
the front-pansl VOLTS and AMPS readouts will display an

error number corresponding to the test that falled, For example:
Err 3

The test LEDs wilt also flash on/off displaying the same error
number in binary code. ABDSJA through DSIE have weights
of 1 through 186, Tahle b-4 gives i summary of the eivor codes.

5-94 HP-IB Section Troubleshooting

5-95 Table 5-5 lists rrouble symptoms which might be
observed If a problem exists on the HP-IB, PSI or front panel
boards, As stated above, these boards have been divided into
functional circuit blocks for (roubleshooting. Taeble 5-9 gives
detailed trouhleshooting information for the circuit blocks.

5-96 The troubleshooting procedure for these blocks Is
made up of Input, output ond internal checks of circuit nodes
in the block. The tirst tests to be performed should be the in-
put tests, if the results are paositive, then the outputs should
be checked. If any output test fails then the Internal tests nodes
of the block have to be verified before proceeding.

5-97 In general, an input to one block is the cutput of
anather black. Therefare, if an inpat test fails then the the next
step Is to go to the block which provides that input to the test
black, The SOURCE column will give the appropriate black.

Table 5.5, HP-IB/PSI Sympiom Chart

OBSERVATION

All test LEDs turn on and remain lit,

sequence (flash on/off),

Unracognized pattern displayed on test LEDs.

TAB 1.1 Front-Panel Board Symptoms
QBSERVATION

main lit or never turn on at this time.,

No control with. front parel switches or RPG.

Cycle ||aower to unit. Observe the Test LEDs {ASDS1A-DSIE):

No test LEDs, front panel LED indicators or digits ever light.

Each test LED lights in saquence. No error code s displayed.

Each test LED fights in sequence, then an error cade is displayed.

One or more of the test LEDs does not light ot turn on, but others go through turn on

All front panel LED indicacors, digit segments and decimal points should turn on for =1
second, than off for = % second when power is turned on. Note any dispiays which re-

GOTO

AB.1

AB.4
AB.5

TA3 1.1

TAB 2.1

A7.2

AB.4
AB.5

GOTO
A3-2

A3
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Table 5-5, HP-IB/PSI Sympton Chart {continued)

TAB 1.1 Front-Pane} Board Symptoms (continued)
Front panel meters always d'splay settings, not actual vaitage and current.
OVP trip lavel is alvays disp'ayed. Current display is blank.

Qutput current setting rapidly climbs to full scala value when unit is first turned on,
ERROR LED lights when setting reaches full scale.

Output Increases regardless of the direction in which RPG is rotated.

OTHER

TAB 1.2 HP.IB Board Symptoms

OBSERVAT.ON

HP-IB address displayed at turn-on disagrees with HP-IB address switch setting.
Unit always turns on In diagnostic mode {Display shows "run”),

Unit will not enter diagnostic made.

SRQ LED lights at tun-on when rear-panel PON SRQ switch s sat to 0.

SRQ LED does not light at turn-on when PON SRQ switeh Is sat to 1.

Cannot get GATE cignal on signature analyzer when unit Is in setup B1, B2, B3, BE, BS,

B7 or B8
Controller hangs up when HP-IB command s sent.
Controller hangs up when it attempts to read a response 1o 8 query command.
ERROR LED tums on when valid command [s sent.
Garbage data is returned In response to & query command.
Device Cleor, Device Trigger, Serlal Pall or Parallel Poll do not function properly.
OTHER
TAB 1.3 PS| Board Symptoms
OBSERVATION |
OVP will viot reset when “RST” command s recelved, but will reset when power [s
cycled.
(;utput current cl"nanges erratically as RPG control is rotated while unit is in CC.
Output voltage changes arraﬁcall\, as RPG contro! s rotated while unit Is in CV,

Unit responds with the wrung mode! number or aption to the *|D?"" command.

Ful! scale \Mlues of front panel voltage and/or current SETTINGS disagree with
the ratings of (he unit.

A3-3
A3.3

Al3

A3d

TAB 1.2

GOTO
A8.7
AB.7
AB.7
AB.7
AB.7

AB.B

AB.12
AB.12
AB.12
AB.12
AB.12

TAB 1.3

GOTO

AT.2

A7.4
A5
LYN)

AL7

! ) . ' t
518
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Table b.6 HP-IB/PS) Sympton Chart (continued)

DISABLED, OV or OT LEDs remain on, even though output valtage or current A7.8
can be adjusted.

o Qutput voltage drops to zero when OVP trip level Is exceeded, but OVP and A7.8
DISABLED LEDs do not lignt.
OVERRANGE LED lLights when output tyrminals are apan circuit and output currant A78
Is set >0, or output terminals are shorted and output voltage Is sut >0.
CV LED does not light when r. itput terminals are open clrcult and output current Is sot A7.8
>0.

CC LED daes not light when output terminals are shortad and output voltage is set >0.

Front panel voltage display changes erractically as RPG control s rotated, #.ctizal output A7.10
voltage agreas with voltage setting.

Value displayed when DISPLAY OVP button is daepressed s not consistent with OVP irip A7.10
level, but OVP ADJUST control varies the tip level over the full range.

OTHER see A2
TAB 2.1 Self-Test Falluros
OBSERVATION C.T0

Err 1, but ABS1 setting Is in range of 1 to 13 AB.7
Err2,3o0r4 AB.6
Errborb A8
‘ Err 7 AB.12
grr 3 AB9
Err 9 AB.10
AB.11
Err 10 AB.11
Err 17 or 12 Al.6
Err 13 or 14 A7.9
Err 16 or 17 Skip self tects (setup S). Qutput voltage significantly disagrees with voltage Al.B
setting. ' '
Err 16 or 17 otherwise AT.10
Err 16 or 1B Skip self tests {setup S), Qutput current significantly disagrees w.'h current A7.4
setting.
Err 16 or 18 otherwise. A7.10
Err 19 Al7
Err 20 but HP-IB address switch nat set to 31 AB.7
Err 21 or 22 A78
|
| 5-19
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B6-98 In general, the troubleshooting scheme for each block 599 Each group of tests [s presented in tabular form, where

is structured as follows:
1. INPUT TESTS
2., OUTPUT TESTS
3. INTERNAL TESTS

test nodes, expected measurements and the next block to be
troubleshot are given. Measurement nodes are divided frito
related groups by blank lines. An example of a circuit block Is
given in Tahle 5.6, Some data has been excluded for

Each black is structured as shown in Figure 5-11. concliseness,
TEST BLOCK
- - ===
| k T - |
| I[ weuts | _T ] QUTPUTS . l
I 1 > I I
| BLOCK A b BLOCK B I
! > N
| L___.._.__...._l

Figure 5-11, Block Structure

Table 6-6, HP-IB Troubleshooting Example

{2} REF. DES.
A7U20,21
{3) INPUTS:

NODE
A7U20,21-1

.

4) OUTPUTS:
NODE

ATU27-6
{TP bl

{1} BLOCK IA7.5 Voltage Output Ports, Latches and DAC

Seriol data generated by the processor is clocked into shift registers A7U20 and A7U21. The outputs of these
registers drive 12-bit current-output DAC A7U52, Op amp ATU27 provides an additional stage of inversfon and om-
penstates for voltage drops in the ground cracks, The output of A7U27 provides the reference input to the CV ertor
amplifier on the A2 centrol board.

DESCRIPT'ON
MC14094 8-BIT SHIFT/STORE REGISTER

SETUP MEASUREMENT SOURCE
B1 7P9A A7)
SETUP MEASUREMENT
S: output voltage ov

set to 0 valts

S: output voltage LAY
set to 60 volts

www.valuetronics.com
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Table 5-6. HP-1B Troublashooting Example {continued)

(5) PROCEDURE
o NOTE SETUP MEASUREMENT
ATU21-4 B1 TH2P
ATUZ5-2
wrt A7U26-3 S ~ITmVio +1mV
EXPLANATION:

{1) BLOCK #A7.5 {description;: Each black will have an alphanumeric code whict: identilies the circuit hoard and
the block number. Code A7.5 indicates the A7 PS! board biock 5.

{2) REF. DES./DESCRIPTION: The reference designators for all ICs in the circuit block as well as o description
for each are listed In this section.

{3) INPUTS: The input measurements are listed in this seciton. If all inputs are correct proceed to the output tests.
NODE: This column gives all the test nodes to he measured.

SETUP: Each nade belng testeo will require a particular test setup in order to take the measurement. All setups
are outlined In Table 5-13 at tha end of Section V. A setup may be given as "B1”, for example; it correspands fo
that setup in Table 6-13. Setups will sometimes have additional requirements and will he stated, for example, us:

B1: A2Q2 base to the test block.

{4) OUTPUT: Jutput tests are performed if all input tests are positive. The explenations for the associated columns,
SETUP etc., are the same as the INPUTS sbove,

(5) PROCEDURE: This section lists the measurements for the internal nodes of the test block, The tests in this group
should be done if an output measurement has an Incorrect value. Troubleshooting infarmation will be left implicit in
this section and tests should be performed in the arder given. Because each node has an expected measurement,
an incorrect result can be localized to a few camponents. Wrt means "“‘with respect to”.

5-100 SIGNATURE ANALYSIS 6-102  Instructions in the troubleshooting chart direct the
user to a specific block of circults to commence troubleshaoting.

5-101 The easiest and most efficient method of if necessary, that block will include sfgnatures and indicate the

troubleshooting microprocessor-based instruments is signature
analysis. Signature analysis is similar to signal tracing with an
oscilloscope In linear circuits. Part of the microcomputer
memory is dedicated to signature analysis and a known bit
stream Js generated to stimulate as mony nodes as possible
within the circuit. However, because it is virtually impossible

" to analyze a bit stream with an oscillascope a signature analyzer

is used to compress the bit stream into a four-character
signature that is unique for each node. By comparing signatures
of the unit under test to the correct signatures for each node,
faults can usually be [solated to one or two companents. Note
that signature analysis provides only gos no-go Infarmatien; the
signature provides absolutely no diagnostic informaticn.

www.valuetronics.com
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carrect signature analyzer setup for taking those signatures,
{The user should refer to the signature analyzer Instruction
manual for complete instructions on use of the signature
analyzer.)

5103  The following general notes apply to signature
analysis of the power supply.

1, Be certain to use the correct setup for the signature being
examined.

2. Most signatures are taken on the HP-IB, PSI and front panel
assemblies

3. Note the signarures for Mcc and ground on the 1.C, being
examined, If cn Incorrect signature [s the same as that of Vee




or ground, that point Is probably shorted to Vce or
ground.

4, |f two pins have identical signatures, they ere prahskly
shorted together. 1 two signatures are similar, itis only
coincidence. For axample, if the signature at a certain
polnt should be 66C4, a siynature of 65C3 is not *almost
right”’. No diagnostic infurmation can be infaerred from
an incorrect signature,

5. If @ signature Is Incorrect at an Input pin, but Is corract
at its source [output of previous 1.C.), check for printed
circuit and soldering discontinulty.

6. An Incorrect signature at un output could be caused by
a faulty component praducing that utput; or, a short
clrcult in another component or on the beard could be
loading down that node.

5-104 HP-IB and PSI Board Test Setup

5-105 The faollowing setup allows easy access to com-
ponents on the HP-IB and PS| boards for troubleshooting. The
completed set-up Is shawn in Figure 6-12.

WARNING

Be carefu! not to touch any components
underneath the insufating materiar.

a. Remove tep cover and the Inside metal cover of the
unit as outined In Paragraphs 6-62 and 5-64. Remove

hoth scraws halding the HP-1B bnard 1o the rear panel,
and remove the screw holding the HP-1B board to the
side panel.
b. Gisconnect both ends of cables W5 and W6 foining the
contral hoard and the PSI board. .
¢. Lift out HP-1B and PS! buards and separate bath boards
by pulling apart at the four plastic spacers.
d. Loy out boards as shown. Flace a plece of rsulsting
material betweon the boards and the pawer supply.
e. Replace connectars WB and W6.

CAUTION

Failure to use an insulsting material between the
boards and the power supply can cause malfunc-
tions and possible damage to the supply.

f. Alternatively, the boards can be placed alongside the
unit by using extender cables provided In service kit PIN
06033-60006.

NOTE

PSI test connector A7J4 Is designed for factory
use, Tabla 5-8 dascribes the signals at each of the
test points for use by technicians who are familiar
with the unit and who may wish to check specific
signals.

HP-1B BCARD

INSULATING
MATERIAL

w6

1 . A2 CONTROL
BOARD

Figure 6-12. HP-1B/PSI Board Troublashooting Layout
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6-106

The following notes apply ta the setups provided in

Table 5-13.

a.

The appropriate satup for performing each procedurs
in Table 5-9 s glven by a letter or letter/number com-
hination, such as B6. Setups are listed in Table 6-13
in alphanumeric order.

ABWA4 Is a 16-pin jumper pack located on the HP-IB
board. J6 means that the W4 Jumper pack Is plugged
into the 16 pins of J6; between J5 and J& means *hat
W4 is connected betwaen J5 and pins 1 through 8 of
J6. See Figures §-13 and 7-7. To move ABWA4, first turn
off the unit. Use an |,C. remova! tool, or, using a s...all-
biade screwdrlver, first pry up one end and then the
other end of the jumper pack a little at a time, Be careful
not to bend the pins, Be especially careful that all pins
are properly located in the socket before pressing the
jumper pack down In place.

. ABWHE I3 a 2-pin jumper used to short ABJ7 pins 16 and

16 together, which puts unit Into diagnostic mode.

. ARJT Is the 16 pin test connectes located on the HP-

IB board. ABV'E Is normally plugged onto pins 13 and
14, See Figure 5-14,

ABS1 Is tha 6-section HP-1B address switch mounted
on the HP-18 board and accessible at the rear panei.
ABS1 determines which diagnestic program Is run when
ABWS Is In the dlagnostic position. Table 6-7 lists the
tests perfarmed for each combination of switch
settings.

. ABS2 is a B-sactlon switch mounted on the HP-IB

board. ABSZ controls various signals on the HP-IB
bosrd and is usad te help isolate probloms, Be certain
to reset ABS2 to normal setting before returning power
supply to service.

Any conditions fulfowing colon after setup designation
must be fuifilled in addition to the standard setup, For
example:

B1: AB UZ/4 shorted to GND

means that after setting the unit to setup B1 you should
conneact a short between 1.C, ABU2 pin 4 and ground.

Don’t Care means that the sewting of that companeont
will not affect any procedures using that setup.

. Component ieference designatois and pin numbors are

tdantified s In the following examples:

A8 U7/16

refers to pin 16 of component U7 on assembly A8,
the HP-IB board.

A3 U11/2, U12/2410

refers to pin 2 of camponent 11 and pins 4 and 10
of component U12, hoth on assembly A3, the front-
panal board.

i. The signature for +6V for each satup Is given to help

locate nodes that ere shorted to +6 V.

HF -IB GARD .
? = J T L | u?
@t/ o
45, 8-PIN SOCKET
J6, 16- Pty SOCKET
WA, JUMFER PACK
HORMAL LOCATION FREE-RUN MODE LOCATION

Figure 5-13. Free-Run Mode Jumper Pack

%

7
+v—d0 ok +av +ov—-{0 O@—stv
140 oé{&z Su-40 o—saz
SAY—10 OFt—5ae a3 40 q?-aa
SAS—40 — 585 A% -4 oﬁ-—-ﬁ&ﬁ
SAT-—400 sA8 847--40 o-ﬁ-.s.us

(il o of
o a Il
%

%

BBIT NOPVAL

ABJT DIAGNISTIC
POSITION

Figure 5-14, Disgnostic Jumper On ABJ7

Teble §-7. Self-Tost Addross-Switch Sottings

Address Switchas Function

00051 (1) All gelf tasts

06010 (2) All microcomputer tests:
RAM test #1 and #2
ROM tost
GPId chip test
Real-time clock test
Serializer tost

Q011 {3} sSkap velf tests

00100 {4} RAM test 41

03101 (B RAM test #2

0110 {6) ROM test

00113 {7} GFIB chip test

01000 (8) Real-time clock test

01001 (3) Sarializer test

01010 {10) PSI digital 1/0 test

0101} {11) PSI DAC/ADC test

01100 (124 Signature-analysis stimulus

{
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Tehla 6-8. PS) Board Test Connector A7J4

Pin # Signal Description
i r10V Ragulated + 10 volt reference
2 V-REF 3 Buffered + 10 V ruference for readback DAC A7031
2 CC PROG CC programming voltage, 0 to 5V « 0§ to fult scals
4 QVP PROG OVP programming voltage, 0 to 2V = 0 to full scale
5 CV PROG CV pragramming voltage, 0 to 5 V = 0 to full scale
6 D Commaon PS5l common
7 CC DAC OQutput 010 - 10 V pro-uces 0 to full scale output
8 vnot used)
9 V-MON Output voltage manitor, 0 o 6V = 0 to full scale
10 {-MON Output current manitar, 0 to § V = 0 to full scale
11 not used)

12 not used)
13 {not used)
4 V-REF 1 Buffered + 16 V reference for CC DAC ATU22
i3 {not used} , \
16 (not used)
17 Buffered V-MON 0ta BV = 010 full scale autput valtage
18 V-REF 2 Buffered -+ 10 V relerence for CV DAC ATU23
1€ A Common PSI common
20 CY DAC butput { 0t ~10 V produces 0 (v full scale cutput

. sg

Wb Bz ..
J u?, g 15 @
j ].¢34~8§§§§'$

& o

¢
-‘.&.ﬂv,1&

S
£

{
4
¢
>
— CV DACOBTPUT T O]

?L—j';
NC. |2 o

V-F;’EF.CV oo
Vv-REFLC |o o
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Table §-9. HP-IB, PSI, Front Panel Troubleshooting Blocks

BLOCK # A3.1 Front Panel Adarass Latchos and Decoders
When the D-A line is in the ADDRESS state, Serlal datn 1s clocked into shift replster A3 U1B.
When the D-A line is in the DATA state, Thz data in A3 U15 steers tle cluck through decoders A3 U13 and A3
U14 to the register being addrasse.
REF. DES. DESCRIPTION
AB U25 741.5367 HEX BUS DRIVER
A3 W17 74L504 HEX INVERTER
A3 U6 74LS00 QUAD 2-INPUT NAND GATE
A3 U15 74LS164 B-BIT PARALLF'. QUTPUT SHIFT REGISTER
A3 V14,13 7415138 3-TO-8 LINE DECODER
INPUTS:
NQODE SETUP MEASUREMENT SOURCE
AB U25/14 B1: U147 AB.10
AB U256/12 B1: 5544 AB.10
AB U26/6 B1: 10FF AB 10
A3 U16/9 X: cycle pawer to unit. LQ ta HI after =160 ms AB.3
QUTPUTS:
NODE SETUP MEASUREMENT
A3 Ui7/9 B1: 6544
A3 U17/2 B1: 002A
A3 U14/16 B1; uset
A3 Uid/14 B1; AGHB
A3 U14/13 Bt: AUPU
A3 U13/16 Bi1: E677
A3 U13/14 B1: Fas4
A3 U13/13 B1: 99prC
A3 1312 B1: 16CU
A3 U131 B1: UHU2
A3 U110 B1: 7rAB
A3 U13/9 B1: 2FHH
A3 Ns/7 B1: HBib
PROCEDURE;
NODE SETUP MEASUREMENT
AB U25/13 B1: U147
AB U25/11 B1: 6544
AB U25/7 B1: 10FF
. A3 U0 B1: P1A}
. ASUI/8 B1: A429
{43 u17/2 B1: 002A
i A3 L6/ 11 B1: H736
6-26
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Table 65-9. HP-1B, PSI, Front Panal Troubieshooting Blocks lcnntinued) '

PROCEDURE: (continued}

NQODE SETUP MEASUREMENT
A3 UIB/10 B1: B8AUS
A3 U1b/6 81 F22H
A3 U16/6 Bi: AU3F
A3 U1b/4 Bi: U334
A3 U16/3 B PPC
A3 U712 B1: 3340
A3 U16/6 B1: 1H44
A3 U16/3 B1: 97CH
A3 U17/9 B1: 6544
A3 U17/2 B1; 002A
A3 U14/16 B1: U861
A3 U14/14 B1: ABHB
A3 U14/13 Bt AUPU
A3 U13/16 B1: bb77
A3 U13/14 an Fag4
A3 U13/13 a1 99PC
A3 U13/12 B1: 16CYU
A3 U3/ B1: UHU2
A3 U13/10 B1: 7FAB
A3 U13/5 A1 2FHH
A3 U13/7 BY: Hbib

!
I
1
5-26
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Table 65-3. HP-IB, PSI, Front Panei Troubleshooting Blacis (continuad)

BLOCK # A3.2 LED Displeys and !ndicators Drivers

Sarial data generatad by the processor Is clucked into shift reglstars A3 U1 through A3 U10, The outputs of these
ragisters drivs the 7 segment LED displays and LED Indicators. Resistors A3 R1 through A3 R58 and resistor
networks A3 61 and A3 R62 lin it the LED current 10 approx. B mA.

Note: Most problems in this black will Involve anly ane of the displays or a block of LED indicators, Use the schematig
to determine which register is driving the faulty display. It will usually be necessary to perform only that portion of
the procedure which pertains to the fauity display,

REF. DES. DESCRIPTION

A3l U1-10 74L5164 8-BIT PARALLEL QUTPUT SHIFT REGISTER

INPUTS:

NQDE SETUP MEASUREMENT SQURCE

A3 Ut-101 Bi: 002A

A3 U1-10/9 X: cycle pawer to unit, LO to Hi after =160ms Al
AB.3

A3 U1/8 B1: 6577

A3 U2/8 B1: F384 A3l

A3 U3/8 BI1: 99PC "

A3 U4/8 B 16CU "

A3 Ub/8 B1: URHuU2 '

A3 U6/8 B1: 7FA8 "

A3 U7/8 B1: 2FHH "

A3 UB/3 B1: F&15 "

A3 U9/8 B1: uas1 ’

A3 U10/8 B1: AGHS '’

QUTPUTS:

NODE: SETUP MEASUREMENT

Alt display X: cycle power to unit, Alt display segyments,

decimal points and LED
indicators will turn on
for =1 second, then off
for =1/2 secand,

segments and
LED Indicators

B1: All display segments, decimal
points and LED Iindicators will
be 'it.

Note: This measurement Is not conclusive, This block should be
checked anytiime unrecogrizable patterns appear an the
disptays or LED indicators.

A3 U1/3 B1: H36A
A3 U1/4 Bt: 1AA2
A3 U1/6 B1: A3PU
A3 U1/6 B 08Ub
A3 U1/10 B1: 3678
A3 U1/ B1: 6FP1
A3 U112 B1: FCCP
A3 Ui/13 B1: 3UHC
&-27
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Table 6-9. HP-1B, P5I, Front Panel Troublashooting Blocke !continuedi

PROCEDURE; (continued)
NODE SETUP MEASUREMEN™
A3 U213 B1: 64FH
A3 U2/4 B1: 688C
A3 U2/6 B1: 2HA
A3 U2/6 ' Bi: FAC2
A3 U2/10 81: UFHC
A3 U2/11 Bt: P8iIC
A3 U2/12 B1: 1123
A3 U2/13 B1: 6UB0
A3 U3/3 B1: 08sC
A3 LI3/4 Bi: AUGF
A3 U3/6 B1: H:C1
A3 UI3/6 B1: FP1P
A3 U3/10 Bi: 1C0o8
A3 13/11 Al 4703
A3 U312 B1: SHCB
A3 J3/13 B1: 06HA
A3 UAI3 B81: Uae7
A3'U4/4 B1: B4AH
A3 U4/6 B1: U51A
AZ U4/6 B1: PP4P
A3 U4/10 B1: 1F74
A3 U5/3 _ Bi; ‘ 6406
A3 Ub/4 B1: TUH2
A3 US/6 B1: Uapz
A3 UB/6 B1: 968H
A3 UB/10 Bi: 8r22
A3 Us/ 11 B1: 187A
A3 UB/12 Bi: HPHA
A3 U5/13 B1: 426F
A3 U6/3 B1: 4959
A3 U6/4 B1: THCU
A3 U6/E | B1: 462P
| Asuee B1: 6C53
A3 U6/10 B1: 6ALH
A3 U6/11 B1: ‘ J9U7
A3 U612 B1: F40P
A3 U6/13 81: 48P3
A3 U713 B1: 760C
A3 U7/4 . B1: HOi6
A3 U?7/6 B1: CFAH
A3 U7/6 B1: BP7H
A3 U7/10 B1: BH82
A3 UM B1: 5330
A3 U7/12 B:: 2P80.
A3 U713 B1: : 20HA
A3 UB/3 B1: 993p
A3 Ug/4 B1: F1C2
A3 U8/b B1: 3H85
A3 18/6 B1: 3044
A3 U8/10 B1: ACPS
E-28
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Tahie 5-9. HP-1B, PS1, Front Panel Troublsshooting Blocks (continued}

PROCEDURE: (continued)
NODE SETUP MEASUREMENT
A3 U/3 B1: o BAGF
A3 U9/4 B1: B5F0
A3 U9/5 B1: 2
A3 U9/6 Bt: 1C47
A3 U9/10 Bi: 73F9
A3 U9/11 B1: g3y
A3 U9/12 B1: 4F97
A3 U9/13 B1: H2F%
A3 U10/3 81; F275
A3 U10/4 B1: F443
A3 U10/6 B1: C93
A3 U10/6 B1: 66H7
A3 U10/30 B1: HP7U
A3 U10/11 B1: 8124
A3 U10/12 B1: 0Ch4
A3 U10/13 B1: 60U5
A3 D51-DS3 B1: Setup scope for: Nodes should toggle
pins 1,2,6,7 1 V/div. b ps/div, between =b VY and =3 V.
A3 DS1-DS3 Auto trigger, The waveform is
pins 8,10 unimportant.
A3 DS1-DS3
pins 11,13
A3 DS5-DS7
pins 1,2,6,7
A3 DS5-D57,10
pins 8,10
A3 DS5-DS7
pins 1,13
A3 D584,D058
pins 1,4,6
A3 DS4,D0S8
pins 10,11
A3 R61, R62 B1: Setun scape for: Nodes should toggle
pins 2-9 1 V/div, B ps/div, between =25V and =5 V.
or Auto trigger. The waveform is
anodes of DS9-23 ‘ unimportant.
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Tablo 6-9, HP-13, PS1, Front Panel Trouhleshooting Blocks (continued)

REF. DES.,
A3 U

A3 U12

A3 U6
INPUTS:
NODE

A3 unNN
A3 U16/10
OQUTPUTS:
NODE

A3 U1§/5

A3 Uti/s

A3 U11/4

A3 U11/3

A3 U11/14

A3 U11/13

A3 U11/2,U12/4,10 B1:

DESCRIPTION

BLOCK # A3.3 RPG Latches ann Fronv-Punel-Controls Input Port,

7415165 PARALLEL LOAD 8-BIT SHIFT REGISTER
74LS00 QUAD 2-INPUT NAND
74LS74 DUAL D-TYPE FLIP-FLOP

SETUP

B1:
AUPU
B

SETUP

31
Bt: A3 S1 depressed
Bi: A3 S2 dapressed
B1: A3 S3 depressed
B1; A3 54 deprassed
B1: A3 56 dapressed
B1: while rotating A3 G1
{RPG) CW slowly
B1: while rotating A3 G1
{RPG} CCW slowly

: A3 SB depressed
: A3 S6 released

: A3 S4 depressed
t A3 54 released

: A3 53 depressed
: A3 S3 released

: A3 52 depressed
: A3 52 released

: A3 S1 depressed
: A3 51 released

K XX KX XK XX

B1: Set up scope for dusl

trace operation:Connect
channel A to A3 U12/3,
chan~el B to A3 U12/2,

2 v !div, 10ms/div, normal

triggering , positive edge

~ on channel A.

MEASUREMENT

5544
A3l
BAU9

MEASUREMENT

U16H
3636
POOH
C4PF
PT6A
A970
AFP3

407C
Lo
HI

Lo
Hi

Lo
Hi

Lo
HI

LO
Hi

| Fiip flop A3 U12 decodes the output of the RPG. The processor reads the status of the RPG end front panel switches
through shift register A3 U11,

DRIVES
A3.1

A3

DRIVES

AB.11

W’_ww.valuetronics.com
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Table 6-3. HP-IB, PSI, Front Panel Troubleshooting Blocks (continued)

NODE

A3 U12/3

A3 U12/2

A3 U12/3

A3 U12/2

A3 U12/b

A3 U12/8

A3 U7

A3 U16/8

PROCEDURE: (continueld)

BETUP
Rotais RPG briskly CW

Rotate RPG briskly CW

Rotate RPG briskly CCW

Ratate RPG briskly CCW

B1:
B

B1:
B1: A3 S1 depressed
B1: Al 52 depressed
B1: A3 S3 depressed
B1: A3 S4 depressed
B1: A3 Sb depressed
B1: while rotating A3 G1
{RPG} CW slowly
Bi: while rctating A3 G1
{RPG) CCW slowly

Bl
B1: A3 51 depressed
B1: A3 S2 depressr |
B1: A3 S3 depressed
B1: A3 S4 depressad
B1: A3 S5 depressed
B1: while rotating A3 G1
{RPG) CW slowly
B1: while rotating A3 G1
{RPG) CCW slawly

MEASUREMENT

5V

oV

5V

— 0V

—

bV

—— 0V

Node will toggle when RPG

Is rocked back and fourth,

Node will toggle when RPG
is rotated in either direction,

0000
F4E8
1160
4581
1607
681H
6H53

c118

U16H
3535
POOH
C4PF
PI6A
Ag70
AFJP

407C

5V
[

A

B

A

B

www.valuetronics.com ..
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Table 5-9. HP-1B, PS!, Front Pane} Troubleshooting Blocks {continued)

PS| Borrd Procedures

BLOCK I A7.1 PSi Address Latches and Decoders

When the D/A line Is In the ADDRESS state, serial data [s clocked Into shift register A7 U13, When the

D/A line is In the DATA state, the data in A7 U13 steers the CLOCK line through decaders A7 U16 and A7 U17 to
the reglster belng addressed. Optical couplers A7 U3-6 Isolr te the microprocessor circults (referenced to earth)
from the power supply control circuits (referenced to the regative output terminal},

REF. DES. DESCRIPTION
AB U256 74L5367 HEX BUS DRIVER
A7 U3-b HPCL-2601 OPTICAL COUPLERS
A7 U13 74LS164 B-BIT PARALLEL OUTPUT SHIFT REGISTER
A7 U4 74LS00 QUAD 2-INPUT NAND
A7 U1b 734L514 HEX SCHMITT TRIGGER INVERTER
A7 Ui6,17 74L5138 3-TO-8 LINE DECODER
A7 18 74L504 HEX INVERTER
INPUTS:
NODE SETUP MEASUREMENT SOURCE
AB U26/2 B1: U147 AB.10
AB U25/4 B1: 10FF A8.10
AB U25/10 B1: 6644 AB.10
A8.10 A7 U13/9 X: ¢ycle power 10 unit, LO to Hi after = 160ms AB.3
QUTPUTS:
NODE SETUP MEASUREMENT
AT U13/10 Bi: BAU9
A7 U15/2 B1, 002A
A7 U16/8 B1; 8CFU
A7 U12/16 B1: 7THOF
A7 17114 B1: 9760
A7 U17/13 Bl 636C
A7 U1712 B1: AJU6
AT U B1: 1039
AT U17/10 :3H 8623
A7 U17/9 Bl 392H
AT U747 Bi: 2P00
A7 U18/13 B1: 7P9A
PROCEDURE:
NODE SETUP J MEASUREMENT
A8 U25/3 B1: U147
A8 U2b/5 B1: 10FF
AB U25/9 B1: 5544
AB U3/6 B1: U147
A7 U4/6 B1: 10FF
A7 US/6 81 5644
6-32
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Table 6-9, HP-18, PSI, Front Panel Troubleshooting Blocka [continued)

PROCEDURE: {continued)

NODE SETUP MEASUREMENT
A7 Uib/2 B1: 002A
A7 U1b/4 B1: P1A1
A7 U15/6 B1: Ad29
A7 U141 B1: H736
A7 U14/6 Bi: 3697
A7 U13/3 B1: 9PPC
A7 Ui3/4 B1: U33H
A7 U13/6 Bl AU3F
A7 U13/8 Bi: F22H
A7 U13/10 BI: BAU9
A7 U1B/ 11 Bi: 3340
AT U17/7 B 2P00
AT U17/9 BI: 392H
AT U17/10 B1: 8629
A7 U17/114 B1: 1039
A7 U17/12 B1: ASUG
AT \N7/13 B1: B636C
A7 U17/14 B1: 9760
A7 U17/1b Bi: . 7HOF
A7 U16/7 B1: suu?
A7 U16/8 B1: B8CFU
A7 U18/13 B1: 7P9A
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Table 5.8, HP-I1B, PS|, Front Pane! Troubleshooting Biucka

BLOCK # A7.2 Control Lines Qutput Port

Serlal dota generated by the pracessor Is clocked into shift register A7 U28. Register A7 U29 buffers the shiit
register outputs so that stable data will be avallable while the shift reglster is belng loaded. The outputs of
A7 U29 provide contro! signals for the power supply end the A/D cnnverter.

REF. DES. DESCRIPTION

A7 Uz28 7415164 B BIT PARALLEL QUTPUT SHIFT REGISTER

A7 U238 74L5273 OCTAL D TYPE FLIP FLOP

INPUTS!:

NODE SETUP MEASUREMENT SOURCE
A7 U28/2 B 002A ATl
A7 U2B/3 B1: 1039 A7
A7 U29/11 B1: 8CFU A7
A7 U29/1 X: cycle power to unit LO to Hi after ~160mS AB.3
OUTPUTS:

NODE SETUP MEASUREMENT

A7 UW/2 B UHFF

A7 U29/6 B1: 9A2H

A7 U29/6 B CHU?

A7 U29/9 81: : 164A

A7 U29/16 Bi: 6C99

A7 U29/16 B1: 7CtH

A7 U29/19 Bi: 272C

PHOCEDURE:

NODE SETUP MEASUREMENT

A7 U28/4 B1: 2AAH

A7 U28/5 B1: H104

AT U28/6 Bi: OCF8

A7 uzs/7 b1 C8CA

A7 U28/14 B1: 49HF

A7 U28/13 B1: 8CCO

AT U282 B.: HCH?

A7 U28/11 B1: 4F92

AT U29/2 Bi: UHFF

A7 U23/6 B1: 9AZH

A7 U29/6 B1: CHU?

A7 U29/9 B1: 154A

A7 U29/15 B1: ‘ 6C99

A7 U29/16 B1: 7C1H

A7 U29/19 81: 272¢C
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Table 5-3, HP-IB, PSI, Front Panal Troubleshooting Blocks

BLOCK # A7.3 DAC Volitage Roferenco

A7 U43 pravides a stable 10V reference for the D/A converters end the A/D converter. Op amps A7 U34 buffer
this reference and provide an individual voltage trim far each converter.

REF. DES,

A7 U43
AT U3

INPUTS:
NODE

A7 U43N
QUTPUTS:
NQODE

A7 U3

A7 U347

A7 U34/8

PROCEDURE:

NODE
A7 U43/2

A7 L3472
wrt A7 U34/3

A7 U34/5
wrt A7 U34/6

A7 U3A/10
wrt U34/9
A7 U34N

A7 U34/7

A7 U34/8

DESCRIPTION

LH0070-1 PRECISION 10V REFERENCE
LM324 QUAD OP ANP

SETUP MEASUREMENT
X 146V 1o 166V
SETUP MEASUREMENT
X: RBG fully CW 103V

X: RE5 fully CCW 10,0V

X: R58 fully CW 103V

X: RB8 fully CCW 100V

X: 861 fully CW 103V

X: R61 fully CCV 100V
SETUCM MEASUREMENT
X 10V £30 mV
X -b6mV to +5mV
X: -BEmVto +bmV
X: -6mVito +5mV
X: A6 fully CW 103V

X: R55 fully CCW 10.0 Vv

X: R58 fully CW 03V

X: RB68 fully CCW 00V

X: R61 fully CW 03V

X: RS1 fully CCW 100V

SOURCE

A2 Control Board
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Tablo 6-9, HP-IB, PS}, Front Panel Troublashooting Blocks {continued)

BLOCK # A7.4 Current Outgut Ports, Lotches and DAC

Serlal data generated by the processor is clocked into shift registers A7 U139 and A7 U20, The outputs
of these registers drive 12 bit current output D/A A7 U22, Op amp A7 U24 Is an inverting cusrent to voltage
canverter, Op omp A7 U26 provides an additional stage of Inversion and comensates for voltage drops In the ground tracks.

The output of A7 U26 provides the reference input to t

REF. DES. DESCRIPTION
A7 U19,20 MC14094 8-BIT SHIFT/STORE REGISTER
A7 U2 12 BIT M-DAC
AT U240 LM308 OP AMP
INPUTS:
NODE SETUP MEASUREMENT SQURCE
A7 U19,20/1 B1: TP9A A7
A7 U18,20/2 B 002A A7
A7 U193 B1: G36C AZ.1
A7 U20/3 Bl 9760 Al.i
A7 U22/17 X: 10,0V to 10.3V A7.3
OUTPUTS:
NODE SETUP MEASUREMENT
AT L2676 S:cutput current set =0V
{TP3) to OA,
S: output current set =BV
to 10A,
PROCEDURE:
NODE SETUP MEASUREMENT
AT U20/14 B1: 8361
A7 U20/13 B1: 3uU6Y
A7 U20/12 B1: BAO7
A U220/ B1: 7671
AT U18/4 B1: 198H
AT U19/6 B1: 8613
A7 U19/6 B1: 364F
A7 L19/7 B1: U1
A7 U19/14 B1: Q5HE
A7 U19/13 BI: F2us
A7 U19/12 B1: 5C66
A7 U191 B1: 5C66
A7 U24/2 S: —tmVio +1mV
wrt A7 U26/3
A7 UZ4/6 S: output current m't =0V
to 0A.
S: output current set = - 10V

to 10A.

he CC error amplifler on the A2 {control} board.

WWW
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Tahle 5.9, HP-1B, PSI, Frant Panel Troublashooting Blocks [continuad)

PROCEDURE {continued)

§

NODE SETIHIP

A7 U26/2 wit s:

wrt A7 U26/3

measure volt- 5: A7 R29 fully CW

age across R26 S: A7 R29 fully CCW

A7 U26/3 S: A7 R29 fully CW
S: A7 R29 fully CCW

A7 U26/6 S output current sot

to DA

S: output current sat
to 10A

MEASUREMENT
~1TmVto +1 mv
+32 mv
-2 mv

+1imv
-1imv

=0V

=hV




Table 59, HP-IB, PSI, Frant Panel Troublshoating Blocks {cantinued)

BLOCK # A7.6 Voltags Output Ports, Latches and DAC '
Serial data generated by the pracessor Is clocked into shift registors A7 U20 and A7 U21, The outputs of thase @
ragisters drive 12 bt current cutput D/A A7 U23. Op amp A7 U25 Is an inverting current to voltage converter.
Op amp A7 U27 provides an additionat stage of inversion and comensates for voltage drops in the ground tracks,
The output of A7 U27 provides the referenca input to the CV error amplifier on the A2 {contral} board.
REF. DES. DESCRIPTION
A7 U20.21 MC14094 8-BIT SHIFT/STORE REGISTER
A7 U3 12 BIT M-DAC ‘
A7 U26,27 LM308 OP AMP
INPUTS:
NQDE SETUP MEASUREMENT SOURCE
AT U20,211 81: 7P9A A7.1
A7 U20,21/2 B1: 02A A7
A7 U20/3 B1: 9760 Art
A7 U21/3 81 7THOF A7
AT U22/17 X: 0.0Vt 103V Al
QUTPUTS:
NODE SETUP MEASUREMENT
A7 U27/6 S: output voltage set =)V
toQ V.

A7J45 S: outout voltage set ~bY q

toGlVY.
PROCEDURE:
NODE SETUP MEASUREMENT
A7 U21/4 B1: TH2P
A7 U21/6 B1: 1P3U
A7 U21/6 B1: C7P0
A7 U21/7 Bl: AGG3
AT u21/14 | B PAZ0
A7 U214 B1: uoiH
AT U21/, . B1; 062U
A7 u21/1 B1: B62F
AT U20/4 Bi: HCPH
A7 U20/6 B1: 7C87
A7 U20/6 B1:: 1AF3
A7 U20/7 B1: 6707
AT U25/2 s ~-1mVto +1mVv
wrt A7 U25/3
A7 U25/6 S: output voltage sat =0V

toQ V.

S: output voltage set ~—10V
toB0V,




Toble 5-9. HP-1B, PSI, Front Panel Troublashoating Blocks (cantinued)

PROCEDURE {continued)

0 NODE SETUP MEASUREMENT
A7 U25/2 S -1mVic +1mV
wrt A7 U26/3
measure volt- S: A7 R40 fully CW +6 mV
age across R37 S: A7 R40 fully CCW -6 mv
A7 U27/3 S: A7 R40 fully CW +2mv

S: A7 R40 fully CCW 4 -2 mv
A7 U27/6 St output vallage set =0V
todV
S! output voltage set =5V
e 60 V




Table 5-9. HP-IB, PS!, Front Panel Troubieshooting Blocks (continued)

BLOCK # A7.6 Input Port Salector

Multiploxer A7 U3 connects the shift register being read by the processor to the DATA UP line,

REF, DES. DESCRIPTION

AT U9 7415261 DATA SELECTOR/MULTIPLEXER

A7 Uib JALS14 HEX SCHMITT TRIGGER INVERTER

AT U1B 7415367 HEX BUS DRIVER

A7 U6 HPCL-2601 OPTICAL COUPLER

INPUTS:!

NODE SETUP MEASUREMENT
AT U9/7 B1: BAUS

A7 U3/9 B1: AU3F

A7 U3/10 B1: U33H

A7 US/H B1: 9PPC

A7 U812 B3: 131H

A7 U913 B3: HFIF

A7 U9/14 B3 CFi18

AT UIN B3: 1603
QUTPUTS:

NODE SETUP MEASUREMENT
A7 UG/6 B3: 2735
PROCEDURE:

NODE SETUP MEASUREMENT
A7 U9/b B3: toggling

A7 U15/8 B3: P120

AT U18/3 B3: 104H

A7 UG/6 B3: 2735

SOURCE

AT
A7
AT
A7
A7.7
A8
A7.9
A7.9

DRIVES

AB.11

5-40
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Toble 6-9. HP-1B, PS), Front Pansl Troubleshoaoting Blocks {continued)

BLOCK ¥ AS.7 ID Switch Input Port

e The processar reads the unit Identification code through shift register A7 Y12, This code informs the processor
of the full scale voltage and current ratings of the power supply.
REF, DES. DESCRIPTION
A7 U12 74L5165 PARALLEL LOAD B-BIT SHIFT REGISTER
INPUTS:
NODE SETUP MEASUREMENT SOURCE
AT U12/6 X: L.O
A7 U12/6 X: LO
A7 U12/4 X: Lo
AT U12/3 X LO
A7 U12/34 X: LO
A7 Ui2/13 X: LO
A7 U12/12 X: HI
A7 U2/11 X LO
A7 U1 B1: 5544
A7 U12/2 B1: 2P00
QUTPUTS:
NODE SETUP MEASUREMENT ORIVES

o A7 U12/9 B1: 131H Al.6

5-41
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Tabla B-9. HP- 3, PSI, Front Pansl Troubleshooting Blocks (continued)

BLOCK. # A7.8B Status-Linas Input Port
fhe processar reads the power supply status signals through shlit ragistar A7 U10, Latch A7 Uil holds .
momentary occurrences of the CV, CC AC and OT signals between processar reads.
REF. DES. DESGRIPTION
A7 U10 74LS165 PARALLEL LOAD B8-BIT SHIFT REGISTER
A7UN 74L5279 QUAD SR LATCH
INPUTS:
NODE SETUP MEASUREMENT SOURCE
A7 U1 S: output open clrcuit, aut- Lo see A2
put current limit set >0,
; S: output shorted, output HI
valtage limit set >0.
A7 U11/5 S: output short circuit, out- Lo
! put voltage limit set >, r
S: autput open circuit, out- HI
put current limit set >0.
A7 U11/10 S: supply at nominal Hi .
line voltage,
\ S: line voltage reduced LG
to =40 VAC,
A7 U114 S: HI
S: one lead disconnected LO
fram thermal switch
A4 TS1 on #M board.
A7 110714 . 5: OVP ADJUST fully CW, HI
power to unit cycled.
. S: output open circult, LO
output voltage zet >1,
OVP ADJUST fully CCW.
A
A7 U10/11 Bi: UHFF A7.1
A7 U11/2,6 Bi: 392H A7.1
A7 UT1/11,16 b
A7 U10/2 B | 392H
5-42
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Teble B-9. HP-1B, PSI, Front Panel Trouhleshooting Blocks {continued}

QUTPUTS:
' NODE SETUP MEASUREMENT DRIVES
A7 U10/9 B3: HF9F A7.6
B3: A7 U11/1 shorted to GND 3238
B3: A7 U11/5 shorted to GND UQF7
83: A7 U11/10 shorted to GNC 17BA
B3: A7 U11/14 shorted to GND APB9
B3: A7 U10/14 shorted to GND 402H
PROCEDURE:
NODE SETUP MEASUREMENT
A7 U11/4 B3: L16H
¢ B3: A7 U11/1 shorted to GND F84)
A7 UN1/)7 B3: UigH
B83: A7 Ui1/b shorted to GND F840
AT U11/9 B3: ‘ U16H
B3: A7 U11/10 short: § 10 GMD FB4)
AT L1113 B3: - UI6H
B83: A7 U11/14 shorted to GND FB40
A7 U,0/9 B3: U1EH
g 83: A7 U11/1 shorted to GND 3238
. : ' B3: A7 U11/5 sharted to GND UOF7
83: A7 U11/10 shorted to GND 178A
B3: A7 U11/14 shorted to GND APB3
B3; A7 U10/14 shorted to GND 4024
}
]
1
' 543

3

www.vatdetrenies.con



Table 6-9. HP-IB, PSI, Front Panel Troubleshooting Blocks {continuad)

_ BLOCK # A7.9 A/D Succassive Approximation Reglsters and Input Port If
| Successive approximation registers A7 U36 and A7 U37 drive D/A converter A7 U31 based on the output 0 i
" of comparator A7 U36. The pracessor reads the output of SAR through shift registers A7 U38 and A7 u39. i
REF. DES, DESCRIPTION
A7 U38,39 74L5166 PARALLEL LOAD 8-BIT SHIFT REGISTER
AT U36 MC14549 SUCCESSIVE APPROXIMATION REGISTER _
A7 U37 MC14559 SUCCESSIVE APPROXIMATION REGISTER p
: I
INPUTS: '
- NQDE SETUP MEASUREMcNT SQURCE '
1
= A7 U35,37/6 ¥: A7 U35/3 shorted to GND Hi A7.10 :
and A7 U35/2 shorted
= to +bV i
- X: A7 U3 3 shorted :
- to +E V LO :
_ and A ' U36/2 shorted
to GhD.
AZ.1
A7 U38,39/1 B1: 5544 A7 1
: A7 U38/2 B1: ASUG AT.1
. A7 U39/2 81: 8629 A7.2
% A7 U32/9 B1: CHU?7
R A7 U36/10 81; CHU?
- A7 U377 X: 1 kHz, 50% duty cycle A7 U4

square wave, TTL levels

- OUTPUTS: o

- NCDE SETUP MEASUREMENT DRIVES
= A7 U38/9 B3: 1603 h7.6
A7 U39/9 . B3 CF18 A7.6
PRUCEDURE:

2 NODE SETUP 'MEASUREMENT

= A7 U37/4 B3 AHAF

= A7 U37/3 B3: 650C
3 A7 U37/2 B3; UuU73
: A7 U37/1 B3: 23H2 i
] A7 U36/4 B3: 17FH :
= A7 U36/3 B3: 908A

- A7 U362 B3: 2369

— AT U36/1 B3: 1PP4

- A7 U36/16 B3: AU46

= A7 U36/14 R3: C9F3
= A7 U363 B3: 0152

_ A7 U36/12 B3: 9PF5
= A7 U36/11 B3: 62C1

b | A7 U38/9 B3; 1603

- A7 U38/9 B3: CF18
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Table 5-9. HP-IB, PSI, Front Panel Troubleshooting Blocks (con:inued)

- BLOCK # A7.10 Anslog Multiplexer and Successive Appaximation A/D Converter
4[ . A7 U31is o 12-bit currant output L/A converter. It is driven by the successive spproximation registers. Op amp
— A7 U32 serves as an inverting current to voltage converter, Qp amp A7 U33 provides an additional stage of
—_ inversion and compensates for voltage drops In ground tracks. A7 U35 compares the D/A converter auiput to
- the signal being measured. The output of this comparator drives the SAR. Multiplexer A7 U40 connects one of
— 8 signals to the A/D converter,
= REF. DES. DESCRIPTION
A7 U31 12 BIT M-DAC
A7 U30,32,33 LM308 OP AMP
A7 U40 ANALQOG MULTIPLEXER
A7 U35 uA734 COMPARATOR
— INPUTS:
= NODE SETUP MEASUREMENT SQURCE
- A7 U31/4 B3; AHAF A7.9
— A7 U31/6 B3; R50C *
—_ A7 U31/6 B3 Uu73 '
- A7 L3177 B3: 23H2 *
- A7 U31/8 B3: 17FH "
- A7 U31/9 83: 908A "
— A7 U31110 B83; 2369 "

. A7 U31/11 B3: 1PP4 "
— A7 U312 B3: 446 "
— A7 U313 B3: ! CIF3 "
—— 1 e A7 U31/14 B83: 0152
= A7 U31/18 B3: 9PF5 "

— AT U40/1 B3: 6C99 A7.2
- AT U40/16 B3: 7C1H A7.2
—_— A7 U40/15 B3: 272C A7.2

= A7 U31/17 X: 10.0 V to 10.3 V A7.3
= A7 U40/9 S+ output terminals
—_— open cirgult,
= output current set >0:
output voltage set to 0 V. =QV

: output voltage set to 60 V. =5V

_'_- A7 U40/10 S: output terminals shorted,
‘E_a, output voltage set >0;
~t output current set to 0A, =0V

; output current set to 10A. xb V

; A7 U30/3 S: output voltage setto 0 V. =0V

__ output voltage set to €0 V. =bV

= A7 U40/5 S: output current set to 0 A =0V

— output current set to 10 A, =5V

- i
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Table 6-9, HP-\B, PS|, Front Panel Troubleshooting Blacks {cantinued)

INPUTS: {continnad)
NQDE
A7 U40/11

OUTPUTS:
NODE

A7 U36/7

PROCEDURE:
NODE

A7 U30/6
i(A?J4-17I

!

i troubleshoaoting araa.

A7 U40/8
| (TP}

’ |

VMON, Buffered :

IMON

CV PROG

CC PROG

OVP PROG

SETUP

X: OVP ADJUST fully CCW
OVP ADJUST fully CW

SETUP

There s no single measurement
which can completely verify the
output of this block.

SETUP

S: outout terminals apen circuit
and output current set >0:
output voltage set to 0 V.,
output voltage set to 60 V.,

S: gend "DSP OFF” command
or tapa down DISPLAY
SETTINGS switch,

output terminals

opan circult.

output current sat >0,
send "'VOUT?" command,
output voltage set to 0 V.,
output voltage set to 60 V.

WARNING

!

MEASUREMENT SOURCE

=~ QV
~2.4V

MEASUREMENT

MEASUREMENT

=0V
=5V

! -: The following portion of this procedure verifies every channel of the multiplexer. |f a particular channel appears to
i be faulty, test that channel first. If 8l channals appear faulty, test one channel; f It works, go to the next

=0V
=5V

Output should be at 0 V before shorting output terminals.

output terminais shorted,
output voliage set >0,
sent “IOUT?" command.
output current sat to A,
output current sat to 10A,

send "VPROG?" command.
outpul voltage set to 0 V.
output voltage set to 60 V,

send "'IPROGY" command.
output current sat to 0A.
output current set to 10A,

send "OVP?" command.
OVP ADJUST fully CCW,
OvP ADJUST full CW.

send “ZERQ?"” commari.

-OV
=21V

~0V

www.valuetronics.com
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Table 6-3, HP-1B, PSI, Front Paneol Troubleshooting Blacks (continued)

PROCEDURE:

‘ NODE SETUP MEASUREMENT
A7 U32/2 S: send "DSP QFF" commend -TmVio +1 mV
wrt A7 U32/3 or tape down the

DISPLAY SETTINGS switch,

Set OVP ADJUST fully CW,

Short A7 C18.

send “OVP?Y' command.
AT U32/6 " =—10V
A7 U33/2 " -TmVto +1mv
wrt A7 U33/3
measure voltage " and A7 R61 fully CW +0V
across A7 R48 ' and A7 R51 fully CCW -32 mv
A7 U33/3 ** and A7 R6T fully CW +11 mv

> and A7 R61 fully CCW -1l mv

A7 U33/6 " =6V
A7 U32/6 S: send ""DSP OFF' command =0V

or tape down the

DISPLAY SETTINGS switch.

Short A7 U36/6 to GND
AT U33/6 " =0V
A7 U36/6 X: A7 U36/1 shorted to +6 V LO

and A7 U36/10 shorted

° to GND.

X: A7 U36/1 shoned to GND ]
and A7 U36/10 shorted
to +6V

For a more coniplete test of the comparatar, continue in the following procedure,

A7 U35/7 S: send "DSP OFF"” command
or tape down the
DISPLAY SETTINGS switch.
Short A7 C18.
Use RPG control to
increase the output
voltage to =1V,
Send “VOUT?"' command.

Remove short from A7 C18.

Using clip leads,

connecta Sk 1/4W

resistor across A7 R47. LO

With unlt in Jocal contral,
use RPG control to
increase output past

mid scale (30 V). H}
AT U35/3 Slowly adjust RPG
wrt A7 U3b/2 control untll A7 U36/6
[ust changes state, -TmVto +1mV
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Table 6-9, HP-1B, PSI, Front Panel Troublashooting Blocks (continued)

BLOCK # A8.16 V Blas Supply

The PWM ABRU28 includes a clock generator (46 kHz set by ABR21 and ABC21) and a current limit (4 Adc
maximum se. by 0,16 Vdc across ABR33}, It turns oft each output pulse using the difference between the
voltage at voltage divider ABR29-ABR30 and the 2.6 vde set by voltage regutator ABU29,

REF. DES. DESCRIPTION

A8 U28 $G3624) PWM

AB U29 MC1403U 2.6V voltage regulator

INPUTS:

NODE SETUP MEASUREMENT SOURCE
ABCR1 anads? X: = 20 Vde ABCR1, CR2
QOUTPUTS

NODE SETUP MEASUREMENT

ABU28/6 X: = 2 to 4 Vdc sawtooth, 45 kHz

ABU28/12,13 " = 19 Vpk, 15 gs pulses, 46 kHz

ABQ2 emitter " = 20 Vpk, 6 us pulses, 46 kHz

ABU29/2 ' 2.6 Vde

across ABCR3 " =0V > -0.07 Vde

across ABR30 " 2.6 Vdc

To check if load on +6 V s shorted, remove jumper ABW3,

www.valuetronics.com
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Table 6-9, HP-IB, PSI, Front Pane! Troubleshooting Blocks {continuad)

o This block generates a signal which indicates whan the unregulated DC input voltage to the BV bias supply on
the HP-IB board (s sufficent for the supply to function properly. A delay is also provided so that the processer
will have time to start up.

BLOCK # AB,2 Powar Clear (1)

When the unit is first turned on, the unregulated DC input will begin to rise. Transistor AB Q3 will be starved

of base drive untll zener VR1 breaks down. By the time VR1 breaks down, there Is sufficient voltage for camparetor
U30 to operate, AB U30A will keep AB C28 from charging and AB U30B will sink base current from A8 Q3 until tha
unregulated input reaches =11V, Then AB U30A will allow AB C28 to charge up. When the voltage across

AB C28 reaches =3.3V, AB U30A will allow AB Q3 to turn on.

REF. DES. DESCRIPTION
AB U30 LM383 DUAL COMPARATOR
INPUTS:
NODE SETUP MEASUREMENT SQURCE
AB VR1 X: BViebYV AB.1
cathode
OQUTPUTS:
NOQDE SETUP MEASUREMENT
A8 Q3 X: cycle power to unit Hl to LO after =160 ms
collector
. PROCEDURE:
NODE SETUP MEASUREMENT
AB U30/3 X: cycle power to unit - 6.5 V with respect to VR1 cathade
AB U30/2 " =40% of V at VR1 cathode
A8 U301 " =0 V charging up to =5V
AB U30/6 "’ =33V
AB CR4 " =0V to =1.4V after =160 ms.
anade no glitches
AB Q3 " Hl to LO after =160 ins.
collector no glitches
549
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Table 6-9. HP-IB, 1°S1, Front Panal Troubleshaoting Blocks lcontinued)

L0OCK # AB.3 Power Claor (2)
All measurements listed in ths block are changes from one lavel to anather, When making these measurémants,
cycle the power te ths unit and ohserva the signal with a scope. The first level specified should be stable within
w10 ms. During the first = 10 ms, glitehing may occur, The signal will change to the secord leve! after
specifled time.
REF. DES. DESCRIPTION
A3 U17 741504 HEX INVERTER
A7 U4 74LS00 QUAD 2-INFUT NAND GATE
A7 U16 741514 HEX SCHMITT-TRIGGER INVERTER
A7 U18 7415368 HEX BUS DRIVER
AB Ut1 74L532 QUAD 2-INPUT NOR GATE
AB 27 741514 HEX SCHMITT-TRIGGER INVERTER
INPUTS:
NODE SETUP MEASUREMENT SQURCE
AB Ut1/1 X: cycle power to unit Hl to LO afier =160 ms AB.2
no glitches,
A7 U18/4 " LO 1o Hl after =15 ms sea A2
A7 U14/10 " '
OUTPUTS:
NODE SETUP MEASUREMENT
AB U277 " Hi to LO after =160 ms
AB U27/6 v LO to Hit after =160 ms
A3 Ui7/6 " "
A7 U1B/7 " "
PROCEDURE:
NODE SETUP MEASUREMENT
A7 U18/6 " Hl to LO after =15 ms
A7 U7/6 " Hi to LO after =16 ms
A8 U11/3 " Hl ‘0 LO after =160 ms
AB U27/6 " LO to HI after =160 ms
A8 U27/4 " Hl to 1.0 sfter =160 ms
AB U27/12 " LO to Hl after « 160 ms
A3 U17/4 " Hi to LO afier =160 ms
A3 U17/6 " LO 1o HI after =160 ms
A7 UB/6 " " HitoLO after =160 ms
A7 U15/10 " LO to Hi after =160 ms
A7 U14/8 " HI to LO after =160 ms
A7 U1R/7 " L0 to HI siter =160 ms

E-50
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Tabla 6.9, HP.1B, PSI, Erunt Pansl Troublsshooting Blocks {continuec)

BLOCK # AB.4 Microprocessor, Mi-roprocessor Cleck nnd Address Decading

Osclllator AB U/, provides the clock 1o AB U10, the microprocessor. The processor drives the address snd the

eddross decoder, AB U2, Inverters AB UB buffer the pracessor timing and control signais.

REF. DES,

AB U4
AB UB
AB U0
A8 )32
A8 U26

INPUTS:
NODE
A8 U10/37

A8 U10/2
AB U1C/38

CQUTPUTS:
NODE
A8 U10/34 (E

A8 Ub/10

AB Ub/8

AB U10/35 {Q)
AB U5/12

AB U10/32

AB Ub/4

AB U6/6

AB U10/8

AB U10/9

AB U10/10
AB U10/11
AB U10/12
AB U10/13
AB U10/14
AB U10/16
AB U10/16
AB U10/17
AB U10/18
A8 U10/19
AB U10/20
AB U10/21
AB U10/22
AB U10/23

AB U12/16
A8 U12/14
AB U12/13
AB U12/12
A U12/11
AB U12/9

AB U12/7

AB U26/11

JESCRIPTION

4 MHZ OSCILLATOR

74LS04 HEX INVERTER

6809 MICROPROCESSOR

74L5138 3-./C-8 LINE DECODER
74L508 QUAD Z-INPUT AND GATE

SE1UP MEASUREMENT

X: cycle power to unit.
LO to HI after ~ 1680 ms
Al Hi

X: 4MHz, B0% duty cycle
equare wave, TTL levels

SETUP MEASUREMENT

Al 1 MHz, B0% duty cycle
sqiiare wave, TTL levels

Al '

e "

Al: "

Al "

Al: HI

Al Lo

Al Hl

Al uuuu

Al FFFF

Al B84

Al P763

Al iusp

Al 0356

Al u76s

Al 6F3A

K 7191

Al 6321

Al 37C6

Al 6u28

Al 4FCA

Al 4868

Al: UP1

Al 0002

Al H21U

Al 34

At 3H02

Al: 47PC

Al C7THA

AL 147p

AL 26UU

Al 32

SQURCE

AB.3
AB S2E
A8 U4
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Tablo 6-9, HP-IB, PSI}, Front Panet Trouhlashooting Blocks (continued)

BLOCK # A8.56 ROM and Data Bus Latch
ROM AB UB stores the programs which the processor executes. Latch AB U19 holds the data bus data hetween |
the time when the ROMs are deselected ond the processor reads the data bus, ‘
REF. DES. DESCRIPTION
A8 U8 64K ROM
AB U13 74LS374 OCTAL D-TYPE FLIP-FLOP
INPUTS:
NODE SETUP MEASUREMENT SOURCE
A8 UB/20,22 Al 3282 AB.4
AB U19/119 X: 1 MHz, B0% duty cycle
square wave, TTL levels
AB U19/1 Al; LQ AB.4
AB U8/10 Al uuuy A8.4
AB U8/9 Al: FFFF '
AB UB/B Al 8484 "
AB UB/7 Al P763 "
AB UB/6 Al: 1UsP "
AB UB/E& Al 0356 "
A8 UB/4 Al U759 "
AB U8/3 Al 6FOA "
A8 UB/Z6 Al 779N "
A8 UB/24 Al 6321 "
AB UB/21 Al 37Cb '
AB U8/23 Al 6U28 L o
A8 UB/2 Al 4FCA '
OUTPUTS:
NODE SETUP MEASUREMENT
AB UB/11 AZ: usap
AB U8/12 A2: 1363
AB UB/13 A2: 0827
AB UB/15 A2 B3V4
AB UB/16 AZ; 794C
A8 UB/17 A2 BOUF
A8 Us/18 AZ: C5C4
AB LJ/19 A2 8071
AB U19/2 AZ: 625U
A8 U19/86 A2: 10U1
AB U19/6 AZ; gH53
A8 U19/3 AZ: 30CA
A8 U19/12 A2 ABPB 1
AB U19/15 A2 C13P
A8 L19/16 A2 F39A
A8 U19/19 AZ; 5178
The continuity of the data bus jumper, A8 W4, can be checked by inserting it in AB J6, the normal paosition, Use
a logic probe to determinag whether lines A8 U10/24-31 are toggling.
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Table 5-9, HP-IB, PSl, Front Panel Troubleshooting Blacks (continued)

BLOCK # AB.6 RAM ond Data Bus Buffers

0 RAMs A8 U6 and AB U7 stare data which changes durlng course of program exacution, Buffer AB U14 [s used
to bypass latch AB U138 when the processor writes data,
REF. DES. DESCRIPTION
AB UG,7 1 K x 4 STATIC RAM
AB U4 74L5244 OCTAL BUFFER
AB Ub 74L504 HEX INVERTER
INPUTS:
NODE SETUP MEASUREMENT SOURCE
AB U14/2 cu: 96PF AB U10
AB U14/4 cn 725C ”
A3 U14/6 cu: PEPH "
AB U14/8 cu: 6CPO "
AB U4/N cu: P25 "
A8 Ut4/13 Ct; BBFA "
AB U14/16 cn TIF7 '
AB U14/17 c1: 6PCP . "
AB Ub/3 cz: 6FAF AB Uiu
A8 U6/5,U7/6 Al yuuu AB.4
AB U6/6,U7/6 Al FFFF "
AB U6/7,U7/7 Al: 8484 "
A8 U6/4,U7/4 Al P763 "
AB U6/3,U7/3 Al 1UBF *
AB U6/2,U7/2 Al 0356 "
AB U6/1,U7/1 ALl U759 "
A UeN7.u7/y Al 6F9A "
AB U6/16,U7/16 Al F2:0 "
AB U6/16,U7/1% Al: 6321 "
AB U6/8,U7/8 AT H21L AB.4
OUTPUTS:
NODE SETUP MEASUREMENT
AB U14/18 c1: 96PF
A8 U14/16 cn 726C
AB U14/14 cni PEPH
A8 U14/12 cL: 5CPO
A8 U14/9 cn: P25
AB U14/7 C1: 85PA
AB U14/5 Cu: TIF?
AB U14/3 Ct: 6PCP
AB U5/4 C2: 6PFP
A8 U5/6 C2: 6FAF
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Table 5-9, HP-IB, PS!, Front Panel Troubleshooting Blocks {continued)
= OUTPUTS: (continued)
- Note: If all autput measurements are correct and Err 2, 3, or 4 persists, U6 or U7 Is at foult, 0
L NOTE: if the +6 V signature for setups C1 or C2 Is not correct, use tha following procerdure to troubleshoot
gate and clock signals.
= NODE SETUP MEASUREMENT SOURCE
= AB U13/1 Al: Uuuy AB.4
- A8 U13/2 Al FFFF " |
= A8 U13/3 Al 8484 " '
= AB U13/4 Al 3H02 "
— QUTPUTS:

- NODE SETUP MEASUREMENT
= AB U13/9 Al: PEPH '
= AB U22/11 Al CC33 '
- PROCEDURE
_ NODE SETUP MEASUREMENT
= A8 U13/14 Al cc3o

AB U13/13 Al PPFU i
= A8 U13/9 Al PBPH i
—_ AB U26/6 At Hb6, " E

- AB U22/11 Al CC33 o :
— ! %
=
=
= s
- -

b-64

S e




Table 5-9. HP-IB, PSI, Frant Panel Troubleshooting Blocks (cantinued}

BLOCK # AB.7 Address tnput Port

The processar reads the HP-1B address switch and the diagnastic made jumper position through buffer AB U16.
St Al through St AB and PON SRAQ refer to rear-panel switch sections.

REF. DES. DESCRIPTION
AB U5 74L.5244 OCTAL BUFFCR
INPUTS:
NODE SETUP MEASUREMENT SOURCE
A8 U16/1,19 Al 47PC AB4
Ag U15/11 X: 81 A1 = LO
X, 81 A1 =0 H}
{
A8 U1B/16 X: 81 A2 = 1 Lo -
A STAZ =0 HI
A8 U15/13 X:STAl =1 1.0 .
X:S1A3 =0 HI
AB UIG/8 X: 81 A4 =1 LO -
X; S1A4 =0 HI
A8 U15/6 X:S1 A5 =1 Lo -
X:.S1 A5 =0 Hi
AB U15/4 X: ST PON SRQ = 1 Lo
X: S1PONSRQ =0 HI
AB U117 X: W5 in NORMAL
position HI
X: WB in DIAGNOSTIC LO
position,
QUTPUTS:
NODE SETUP MEASUREMENT
A8 U1b/9 A3: S1 Al =1 0000
AS.S1AT =0 1180
AB U15/6 A3: 81 A2 = 1 0000
A3: S1A2 =0 1180
A8 NL/7 A3: S1 A3 =1 0000
A3:S1A3 =0 1180
AB U15/12 A3: 51 A4 = 1 0000
Al St a4 =0 1180
A8 Utb/14 A3: S1 A5 =1 0000
A3 STAD =10 1180
AB U15/16 A3: S1PON SRQ =1 ' 0000
A3: S1PON SRQ = 0 1180
AB U15/2 A3: WBE in NCRMAL position 1180
A3: W5 In DIAGNOSTIC 0000

poasition
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Table §-8. HP-I1B, PSI, Front Panei Troubleshooting Blacks {continued)

BLOCK # A8.8 Test LEDs and Qutput Port
The processor writes data Into latch AB U16 to d:iva the TEST LEDs control lines for o
the real time clock and signature analyzer,

. REF, DES. DESCRIPTION
AB U16 7ALS273 QCTAL D-TYPE FLIP-FLOP :
INPUITS:
NODE SETUP MEASUREMENT SOURCFl:
AB U16/3 ci: 96PF AB.6
AB U16/4 c1; : ' 726C "
A8 U16/7 ct: P5PH "
AB U16/8 Cl: 6CPO "
AB U16/13 Ct: 7P25 "
AB U16/14 cn: BBPA "
AB U16/17 cn: TIF7 "
AB U16/18 cn: SFCP "
AB Ui6/1 X: cycle power to unit LO to Hl aster 160 ms AB.3
AB U16/11 Al C7THA AB.4
OUTPUTS:
NODE SETUP MEASUREMENT

" AB U16/2 B1: 3667
AB L16/L B81: U164
AB U16/6 B1: POC2
AB U16/9 B1: 132U
AB U16/12 B1: 1291
AB U16/16 Rt HHE3
AB L8718 B1: ™A

i DS1/A-E B1: Cycle power to
i unit, Each LED willl light
in sequence. Then DS1/D
and DS1/C should remaln on.

V. 6-66
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Table §5-3, HP-1B, PSI, Front Panel Troublaszhooting Blocks (continuud)

BLOCK # AB.9 Roal-Tini¢ Clock

AB U17 divides one of the micropracessor timing slignals down to approximately 1 kHz, This signal interrupts
the processar to provide & real-time clock,

REF. DES. DESCRIPTION
AB U17 MC140208 14 BINARY COUNTER
AB U27 74L503 HEX INVERTER
ABUB 74LS04 HEX INVERTER
INPUTS:
NODE SETUP MEASUREMENT SCOURCE
AB U37/10 X, 1 MHz, B0% duty cycle AB.4
square wave, TTL levels
AB U27/1 B1: 3657 A8.8
OUTPUTS:
NCRE SETUP MEASUREMENT
AB U10/2 B1: close A8 S2E 1 kHz, 60% duty cycle
: square wave, TTL levels
PROCEDURE;
NODE SETUP MEASUREMENT
AB U27/2 B1: F73A
AB U174 B1: I kHz, 80% duty cycle
square wave, TTL lavels,
AB U5/2 B1: "
AB U10/2 B1: close AB S2E "

6-57
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Teble 5-9, HP-1B, PS|, Frant Panel Troubleshooting Blacks (continued)

BLOCK ¥ AB.10 Sarializer (1)
The processor loads data into shift register AB U23. This data Is in tumn shifted out of A8 U23 into a o
recelving register on the PSI or frant panel boards. Counter AB U20 and flip flop AB U18B derlve the shifu register
clack signals from o processor timing signal, Selector AB U21 Is used to steer the clock signals to the appropriate
register or Interface line, The processor gengrates control signals for the Interface with decoder AB U13 and gates
A8 U22 and AB U26.
REF, DES, DESCRIPTION
AB U13 74L5138 3-T0-8 LINE DECODER
AB U8 74L574 DUAL D-TYPE FLIP-FLOP
AB U20 : 7415293 4-BIT BINARY COUNTER
AB U21 745168 QUAD 2-TO-1 LINE SELECTOR
AB U22 741500 QUAD 2-INPUT NAND
AB Li23 74LS1656 PARALLEL LOAD B-BIT SHIFT REGISTER
AB U206 741508 QUAD 2-INPUT AND
AB J27 74LS04 HEX SCHMITT TR!GGER INVERTER
INPUTS:
NODE SETUP MEASUREMENT SOURCE ‘
AB U18/11 X 1MHz, B0% duty cycle AB.4
square wave, TT1. levels
AB U13/1 Al uuuy AB.4 s
AB U13/2 Al FFFF " =
AB U13/3 Al 8484 " -
AB U13/4 AL 3H02 "
AB U8/ X: cycle power to unit LO to Hi after 160 ms AB3
~ A8 U23/11 cu: S6PF AB.6
= A8 U23/12 cn 726C "
AB U23/13 cu P5PH "
- AB U23/14 ch: 6CPO "
- AB U23/3 , cn 7P26 "
AB U23/4 Ci: 85PA "
- AB 123/b Cl; TIF? "
A8 U23/6 cn: 6PCP "
- QUTPUTS:
NODE ’ SETUP MEASUREMENT
AB U22/3 B1: 6544
- AB U23/9 B1: 002A
3 AB U23/7 B1: " U147
- AB U21/6 B1: CASH
AB U21/4 B1: 10FF
- -
= 4
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Table 6-3, HP.IB, PSI, Front Panel Troubleshooting Blacks {continued)

PROCEDURE:

NODE SETUP MEASUREMENT
AB U13/10 88; HB33
AB U13/11 B8; H664
AB U13/12 B8: b3C7
AB U13/13 Bs: CPCY
AB U13/14 B8: 2019
AB U13/15 B8: 260P
A8 U26/3 88: 6UFH
AB U26/6 B8: FF63
AB U22/3 B8: ca3p
AB U22/6 B8: 4853
Ag U22/8 Be: ‘ 434F
AB UZ22/11 B8: c221
AB U18/6 B2: BIPS
AB U20/8 B2: UP36
AB U27/10 B2: ousC
AB L20/9 B2: €834
AB U27/8 B2: 4969
AB U18/9 B2: HF1A
AB U21/4 b1 10FF
AB U21/7 B1: 3286
AB U23/7 B1: l U147
AB U23/9 B1: 002A




Table 6-9, HP-1B, PS), Frant Pansl Troubleshooting Blocks (continued)

BLOCK # AB.11 Seriolizer (2}
Serlal data from the PSI and front panel boards is clocked into shift register AB U24. This data Is then read hy the
processar, Selector AB U21 allows data shifted out of shift register AB U23 to be shifted into A8 U24 for self test,
REF. DES. DESCRIPTION
i
AB U2i 7415158 QUAD 2-TO-1 LINE SELECTOR
A8 U24 74ALS299 8-BIT BIDIRECTIGNAL SHIFT REGISTER)
AB U6 74L526 QUAD 2-INPUT AND GATE
INPUTS:
NODE SETUP MEASUREMENT SOURCE
A8 U24/2 BS: H664 AB.10
AB U24/12 B1: CAEH "
A8 U21/1 Bi: BOFC "
AB U2i/11 Bi: 002A "
AB U26/8 8% 2375 A7.8
AB U26/10 BY: f U16H A3.3
AB U24/9 X: cycle power to unit AB.3
OQUTPUTS:
NODE SETUP 1 MEASUREMENT
AB U24/4 86: ‘ H746
AB U24/6 Bé: 6081
AB U24/6 B6: BAAI1
AB U24/7 86: A0Q0
AB U24/13 B6: HeQ7
AB U24/14 Bé: 633F
AB U24/16 Bé: 7AH9
AB UZ4/16 B6: 2F88
PROCEDURE:
NQDE SETUP MEASUREMENT
AB L26/8 B3: 1044
AB U121/9 B 6F28
A8 U21/12 B3: 9H45
AB U24/4 B6: H746
A8 U24/5 B6: 6081
AB U24/6 BE: BAA1
A8 U24/7 B6: AD0O
AB U24/13 B6; H607
AB U24/14 BS: 683F
AB U24/16 BE: TAHS
A8 U24/16 B6: 2F88
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Table 6-3. HP-1B, PSI, Front Panel Troubloshooting Blocks (continued)

REF. DES.

AB U1
AB U2
A8 U3
A8 U1t

PHOCEDURE:
NQDE

A8 U3/8
A8 U11/6,10

AB U3/21
AB U3/22
AB U3/23

AB U11/4
ABU11/9

AB U11/8
AB U11/6

A8 U3/12
AB U3/13
AB U3/14
AB U3/15
AB U3/16
AB U317
AB U3/1B
AB U3/19

NODE
AB U3/

A8 U2/19
AB U2/18
AB U2/14
A8 U2/13

BLOCK # AB.12 HP-IB Trensceivars and Interface

DESCRIPTION

76160 BUS TRANSCEIVER
76161 BUS TRANSCEIVER

829t GPIB TALKER/LISTENER
74L532 QUAD 2-INPUT OR GATE

SETUP

Al
Al

Al:
Al
Al

c2:
C2:

SETUP
S:

S: pulse AB U2/3
pulse AB U2/3
pulse AB U2/7
pulse A8 112/8

MEASUREMENT

ng
ns

vuuy
FFFF
8484

6PFP
6FAF

88P6
046

64F4
5931
964F
ABS3
2964
0AB9
0295
40A6

At this point, it has been verified that the processor can read and write data to the internal
serial-poll-mode register of ABL3.

MEASUREMENT
LC

toggling

I

AB U3 performs maost of the HP-IB intarface functions, AB U3 appears to the processor as a group of memory
focations, Reading from and writing to these locations controls the exchange of data ~n the bus,
Transceivers AB U! and AB U2 pravide the loading and drive vequired by the HP-IB.

This block does not lend itself well to defining inputs and outputs. Please use the following procedure in the
sequence presented. Since the procedure involves testing bi-directional signal lings, the circuit driving the line will
be rioted whenever It [s not abvious. A logic pulser s required to troublesho.. .his block.

SOURCE

AB.4

AB.4

rl

AB.6

”"

A U1

"

AB U3

S0URCE
AB U3

AB U2

wwW.Valtadétronics.com
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Table 5-9. HP-IB, PS|, Front Pane] Troubleshooting RBlocks {continued]

PROCEDURE: {continued)
NODE SETUP MEASUREMENT SQUACE ‘
AB U2/16 S: Short AB U2/8 to GND
pulse A8 U2/6 toggling A8 U2

AB 1J3/37 same as above " AB U3
AB U2/5 same as above " AB U2
AB U3/38 same as above " AB U3
AB U2/4 same as above " A8 U2
AB U11/11 same as ghove Hi AB U1
£BU1/19 S: pulse AB U1/2 toggling A8 U1
A8 U1/18 S: pulse AB U1/3 ” "
A8 U117 S: pulse AB U1/4 " ’
AB U1/16 S: pulse A8 U1/5 " "
AB U1/15 S: puisa A8 U1/6 " v
AB U1/14 S: puise AB U1/7 " "
AB U1/13 S: pulse £8 U1/8 ” "
AB U112 S: pulse A8 U1/9 o "
A8 U3/ =3 H HI AB U3
AB U2/17 B1: pulse AB LJ2/4 toggling AB U2
AB U3/36 B1: pulse " A8 U3
AB U2/6 B1: pulse " AB U2

B1: A8 U2/4 shorted to GND LO AB U3

B1: AB U2/5 shorted to GND Hi A8 U3
AB U3/28 B1: toggling A8 U3
AB U3/29 B1: "
AB U3/30 B1: " "
A8 U3/31 81; " " ‘
A8 U3/32 B1: : " "
AB U3/33 B1; ’ ‘ " "
AB U3/34 Bl " "
48 U3/35 B%: " ”
AB U1/2 B1: toggling AB U1
AB U1/3 B1: " "
AB Ui/4 B1: " "
AB U1/b B ” :
AB U1/6 B1: " "
AB U1/7 B1: " ”
AB U1/8 B1: " "
A8 U1/9 B1: ” "

Set unit up for normal operation, with HP-IB address set to 5. Connect controller to

instrument and run the programs given for the tests that follow.

Enter Program:

10 QUTPUT 708 USING *"#,K';"VSET 8”,END

20 LOCAL 7

30 ABORT 7

40 WAIT 0.1

50 GOTO 10

60 END
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Table 6-9. HP-JB, PSI, Frant Panel Troubleshooting Blocks (continued)

NODE

LSN LED
RMT LED
VOLTS display

AB L3/27
AB U2/9
Agun/m

PROCEDURE: {continuad)

SETUP MEASUREMENT
taggling
toggling

with DISPLAY SETTINGS 8.00

switch depressed
Enter Program:

10 QUTPUT 705; "UNMASK ERR; SRQ ON; X; CLR”
20 X =PPOLL{7)

30 GOTO 10

40 END

toggling

SOURCE

A8 U3

"

"

AB U3
A8 U2
A Un

573
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5-107 Power Seation Troubleshooting

5-108  Tahle b6-10 describes the signals at each of the con- An Isalation transformar provides ac valtage vt
B trol board tast points. The test connector provided In service is not referenced ta earth ground, thereby reduc-
kit P/N 06033-60005 allows easy connection to each test point. ing the possibility of acc dently touching two polnts
) The measurements given here include bias and relerence having high ac potential betweer: ther. Failure to
volteges as well as powur sunply status signals. It provides con- use an lsolation transformer as shown n [igure ==
ditions for these meaturements and gives the companents 6.15 will cause the ac mains voltage to be con- =
which are the sources of the signals. Tables 5-11 and 6-12 nected directly to msny componenlrs and circuits o
describe possible symatams in the power section, Both give within ths power supply, including the FET heat- -
- lists of circult blacks or components which can cause the symp- sinks. 55 well as ta the terminals of the external
tams shown, The eopropriate board is alsa glven, de p’ower supply. Failure to use an isolation
5-109 If the supply exhibits a symptam given in Table 6-11 transformer is a definfte personal-infury hazard.
or 5-12, go to the block which pertains to that symptom, If the The troubleshanting setup of Figure 5-15 connects
exact symptom seen is not in Toble B-11 cr 6-12, start with the high ac vcitage to refay K1, fan B, Juseholder
symptom that seens to be closest 1o the one observed. The AIF1, and other components nd circuits along the
blocks are given in the Power Section Blocks section starting front of the Al main board.
In Paragraph §-117. Troubleshooting informatlon for each block
_ will include a hrief description of the circuit. The co'umns pro- [ po— 3 - LADON
) vided are as follows: (COVER ROMMED! _‘@g o
) b -
E NODE: This column lists the nodes where the " “
- measurernents should be taken, In same | I
- cases this will be stated as NODE( -+ } and a2 4 E 'l.
NODE( — ) where the first is the tast nade . =

and the second is the .eference.

-j SETUP: if a certaln setup Is required for the
- measurement, it will be given in this
: column.

MEASUREMENT:  This column indicates what the expected
measurement [s for the given node.

i
i

T 0- 40V

E SOURCE. if applicable, the components which

- generate the signal will be provided in this E -

ﬂ column, ACTOMER © -1
:- RECEPTICAL

5-110  To troubleshaot the power supply the A4 power mesh
hoard and A2 control board can be raised out of the unit using

o m |||||'mﬂ!y'i'n| T T TR N i

HIE

extender boards and cables provided in service kit P/N woes
06033-60005. ;: ,i“_" =
- (o om| =
il =
5-411 Main Troubleshooting Setup e =

5112 Figure §-16 shows the troubleshcoting setup for tros)- . " —
kle shooting all of the unit except the front panel and nitial : y —_—

Pe Elale dnds

no-output fallures {see Paragraph 6-116). The external powwer CASE- GROUND
supply provides the unit's internal bus valtage, The ac mains TERMIAL =
" eord connects directly to tha unit's A1T3 bias transfo/mer -
. thereby energ'zing the bias supplies, but it dees not corinect -
- to the input rectifier and filter because that would crease the ==
- bus voltage. With the external supply ihe unit operates as a =
= de-to-de converter. The supply biases the A4Q3 and A4Q4 Figure B-16, Main Troubleshooting Setup —
= PFETs with a low voltage rather than the 320 Vdc bus voltage. B-112 As a convenlence in implementing the —
= This protects the PFETs from fallure from excess power dissina- troubleshooting setup, modify a spare mains cord set as shown =
- tion if the power-limit ~omparator or the off-pylse cheuitry are in Figure 6-16. This facilitates connecting the unit’s power recep- T
]; defective. It also reduces the possibility of electricel shock to tacle to the external supply and connecting the bias transformer -
5 the troubleshoote:. ‘ to the ac mains. S
5-64
-
=
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Figure 6-16. Modified Mnlmord Set For Troubleshooting

5-114 With the mains card unplugged proceed as fclioy.s:

8. Reinove the top cover and the inside cnver per
Paragraphs 6-62 and 5-64, Set switch S+ (front-left cor-
ner of the AT main board) in the TEST position.

Failure to set switch 84 in the TEST position will
result in damage to the power supply, damage to
the external power supply, end is an electrical
shock hazard to you.

b. Install control board test connector anto the A2J43 card-
edge fingers,

¢. Connecta b0, 10 W, load resistor to the unit's output
terminals,

d. With the LINE switch off connect an external d¢ power
supply to the outside prongs of the unit's power recep-
tacle. Ignore polarity as the unit's input rectifying diodes

steer 1..@ dc nower to the correct nodes.

Complete the saetup of Figure B-1o by attr.hing on ac
mains cord to te.t peints TP (L, black wi-9) ond TP2
(N, wkite wirel and connect the yrean ground wire to
the unlt'. case ground terminal or a suitably grounded
cabinst screw. TP1 and Tr 2 are accessible through the
cutgutor tneleft sida “f the unit and are at the feft edge
of the A1 main board.

b-115

B

T.oubleshooting No-Output
Fallures

5-116 No-gutput falfures often include failuie of th A4Q3
nd A4Q4 PFETs and thelr fuses, »«F1 and A4F2 Whea elther
the otf-pu'ses or the power-limit comparator fails, ‘ha PFETs
can fall irom excessive power dissipation. Tha sirateqgy for
localizing no-output fallures Is to check *he voitages and
waveforms at the contrul board 1 st connecter to prediutif that
circu  fallure would cause the the Pi JTs to fail. This makes
it possible to develop your troubleshoeting approach without
an extensive ervipment setun, Prozeed os fallows:

a. With the mains cord unplugged remave the A4 powe:
mesnh board per Paragraph 5-71. Plug in the mairs rord
and switch an powser.

2. Using Tabte 5-10 check the b.as voltages, the PWM-OFF.
PWM-CHN and Ip MONITOR Cantrol signal  and other
sigr .is of interest at the AZ cantrol boerd test fingers,
A2J3.

¢. Chack for the presence of progr- m voitages, YP and IP,

at the rear panel.

Check for presence of the 320 Vdc rall voltage batwesn
the cathodes of diodes A1CRY 1nd £1CR2 and the anode
of diodes AICR3 w..~d A1CRA4. If there is no rail voliagn,
check dicrdas ATZHI throuygh - ICR4,

WARNING

Dicdes ASCRT throuyri AICR4 connact o *he ac
mains voltage. Use a voitmeter with both input ter-
minals floating to measure the rail voltage.

e

e. Select the functional circuit for troul * sshooting based on
your measurenients a.id Table 6-12, which provides direc-
tion based on the status of the PWM OFF anc PWM ON
signals.

5-117 Power Section Blocks

6-118 This section contalns the blocks referenced in Tables
5-11 and 6-12.

5-119 Troubleshooting AC-Turn-On Circuits

5-120  Relay AIK1 closes at 1.0 seconds and DROPOUT

goes high at 1.1 seconds after 20 V {5 V UNREG) reaches ghout
11 Vd¢. DROPOUT high enables the PWWM if OVERVOLTAGE,
INHIBIT, and OVERTEMP are also high.

6-121 Circuilts Includaed, AC-Surge-&-Dropout Detector,
Blas Voltage Detector, U11A, 1-Second Delay and Relay Driver-
&l on A2 Controf board.
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Tabla 6-10, Contrbt Board Test Connactor, A2J2

PIN NO. SIGNAL NAME Vdc WAVEFORM/CONDITIONS SQURCE
Digitai-Clrcuits Blas & Reference Voltages
1 +bV b.0 A2Q3 (emitter)
22 +20 V{5 vV UNREG] 20.0 with 120 Hz & 45 kHz ripple A1CR6, A1CR7
14 2.6 V raf 2.50 A2U9 (QUT)
€ 0.6V ref 0.50 A2R79, AZRB0O
Analog-Circuits Bias Voltages
2 +158V 15,0 A2U12 (QUT)
2 -15V -16.0 AZU4 {OUT )
Stetus Signals
17 cv TTL lo If in CV operation A20Q86C-7 {callector)
16 cC TTL lo if in CC aperation A2Q6F-14{collector)
13 oV TTL hi it not OVP shutdown A2U11D-11
11 DROPQUT TTL hi if ac mains okay A2U17D-11
12 oT TTL hi it not overtemp shutdown A2JU11B-6
Control Signals
25 PWM QFF 1.7 us TTL pulses, 20kHz MA-B
26 PWM ON 1.7 us TTL pulses, 20 kHz U2B-6
18 Ip MONITOR 1V pk, *% sawtooth, 20 kHz A2CRZ6 {cathode)
B INHIBIT TTL hi if not temotaly Inhibited AZR185C, 1942
16 DOWN PROGRAM 1.2-3.0 while not down programming A2CR21, AZCR27
7 OVP PROGRAM 1/30 OVP a.g.: 2 Vdc if OVP set 1o 60 A3RA (wiper)
b OV CLR + BV inverted OV reset line A7U29-5
19 FCLR 2 +2V <ut full power only A2Q60-9
Commons & Current-Monitor
4 L COMMON 0.0 common return for all bias A2C20: -}, A2REO,
vultages and status and A2U6-4
control signals
g8 M COMMMON 0.0 commaon return for 2.6V ref A2RB3, A2"-20
and 0.6V ref
10 I-TEST ={),356(lout) inboard-side maonitoring res, A1R27 & AtR28, ATT2
3 V-MONT V-QUT/12 rimmed V-MON for readback A7U30-6
§ESE é g .3
o & k& g
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1 %gaég NAT 2.8y L
r
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Jable 6-11. Parformancse Failure Symptons

loads

DEFECTIVE
SYMPTOMS BOARD CHECK FUNCTIONAL CIRCUITS
unexplained QVP shutdowns A2 OVP Circuit, CV Chreult
no current limit A2 CC Circuit
max current < 10 Adc A2 CC Clamp, CC Circult
max power < specified A2, Al Power Limit, 20 kHz clock, transformer AT
max voltage < 60 Vdc A2, Al CV Circuit, diodes ATCR1-CF+
cycles on & off randomly AZ, Al AC-Surge-&-Drapout Detector, Mains Voltage Select
switch A1S52
CV overshoots A2 A2UT0A, A2CR20, AZR94
output naoise { <1 kHz) A2, Al CV Clrcuit, Input Filter
output noise {>1 kHz) Al, A4 transfaormer A1T1, Qutput Fliter, snubbers
A4R7/P8/C5/CRb, A4R13/
R14/C6/CR8, A4R33/C13
CV regulation, transient A2, A1 wrong sensing lparagraph 3-40),
response, pregramming time low ac malins voltage, CV Clrcuit
CC regulation A2 low ac mains voltage, CC circuit
CV oscillates with capacitive A2 A2U10, A2CH1, A2ZRI5, A2R96, A2RE6,
lcads A2C47, AZR71, A2C36
CC osclllates with inductive A2 A2U10, A2R86, A2C47, A2C43, A2RT7,

A2U3D, AZR30, A2C44, A2R76, A2RTE,
A2C42, A2CA1, AZR16

Table 5-12. No-Qutput Failures

(Bias aupplies and AC turn-on circuit functloning)

Status of PFET On/Off-Pulses
PWM-ON PWM-OFF DEFECTIVE
A2.J3-26 A2J)3-25 BOARD CHECK FUNCTIONAL CIRCUITS
lo lo A2 Cantrol ckts: CV & CC thru On- & GH-Pulse Oneshots *
lo hi A26A4 PWM and DC-to-DC Converter: A4Q3 and A4Q4
probahbly falled
hi lo A28:A4 PWM and DC-to-DC Converter; A403 end A404
probabily failed
hi hi A28A4 PWM and DC-to-DC Convarter: A4Q3 and A4Q4
probably falled
lo N A2 A2U178,0n-Pulse Oneshot end A2Q6A
N lo A28 A4 Off-Pulse Oneshot and DC-to-DC: A4Q3 and A4Q4
probably failed
hi N AZBA4 A2U17B, On-Pulse Qneshot & DC-to-DC;: A4Q3 and A4Q4
probably failed
N hi A28A4 Off-Pulse Oneshot and DC-to-DC: A4Q3 and A4Q4
probably falled
N N A28A4 Power-Limit Comparator and DC-to-DC: A3Q3 and A4Q4
probably failed
lo= TTL low hi= TTL high N= normal 20 kHz pulse train, TTL levels
* Decide which to troubleshoot—the CV Circult, the CC Circuit, or the PWM and Of-Pulse & On-Pulse Oneshots—by
measuring the CV CONTROL {A2CR24, cathode) and the CC CONTROL {A2CR19 cathode) voltages, Troubleshoot
whichever Is negative, and if neither s negative, troubleshoot the PWM. Make these voltage measuremenis after you
have implemented the Main Troubleshooting Setup.

www.valuetronics.com
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5122  Setup. The Main Troubleshooting Setup, Paragraph
5-111. Apply the ac mains voltage to the isolation transfarmer,

and set the external supply to 0 Vde.

5-123  Inputs:

NOCE SETUP MEASUREMENY SOURCE
A3 walt 25 5.0 Vde A203 {emit}
A3 2 Vdc AICRS.AICR?

AN, fwerect,12 ¥ pk AICRS,AICRI
AUz213 L sq wove, 20 k2 AU2ZE

5-124 Outputs:

NODE SETUP MEASUREMENT

AU205 cyde pawer =135 Ve

A2 cycle pawer 14 Ve

A205- cycle power transition 0 rx 5.0 to 0.3 Vile
AJOGS cyde power transition 0 to 0.3 to 5.0 Vo
A6 walt 2 5 <025 Vde

A, 14 wait 2 5 hi (& Vdel

AU cycle power transition lo ta hi to lo
AlNB10 gycle pawer burst 1.25 kHz sq. wave, 1.1 s
AZU1813 cycle power five 100 ms pulses then hi
Ag12 cycle pawer two 200 ms pulses then hi
AZG18-16 cycle power transition lo to hi at 800 ms
AT S cycle power transition Yo to hi et 10 5
AT cyde pawer transition lo to hiat 5.1 s
{DROFOUTH

A205 (hase) cycle pawer transition 5.0 to 0.3 Vdc ot 10 5
{RELAY ENABLE)

5-125 Troubleshooting DC-To-DC Gonverter

5-126  Parallel NOR gates A4U2A, A4U2B and A4UIA act
as drivers and switch on PFETs A4Q3 and A4Q4 through pulse
transformer A4T1. NOR gote AdU1B turns off the PFETs
through pulse transformer A4T2 and transistors A4Q1 and
AdQ2,

5127 Clrcuits Includad. On-Pulse Driver, Off-Pulse Driver,
PFET Switches and Drivers on A4 power mesh board.

B-128 Setup. The Main Troubleshooting Setup, Paragraph
6-11 1. Apply the ac mains voltage to ths Isclation transformer,
set the external supply to 40 Vdc, and switch on the LINE
switch, Set the unit’s autput voltage to 60 Vdc and current to
abave 1 Adc. Verify that the OVERRANGE LED lights. Ses
Figure 5-17 for waveforms

6-129 Inputs:

NOOE { +) NODE{~} MEASUREMENT  SOURCE

pR% UM waveform #1 AITEAIPIT,

(PWM.ON) MPIUC

RS UM waveform #2 AUIESAZPL1

PWM-OFR MPLIEA

AQ3D MO4S 39 Vde ATCA + MPLIOAC
ACHLMPI4AC

5-130  Outputs:

NODE [ +) NODE [-) MEASUREMENT

MG MQ3S waveform #3

AMOG AMU4S waveform #3

AQAD AQ3S waveform 44

AO4D MO4S waveform #4

A8 A2i34 waveform 45
NOTE

The Gate (G) and Source (S) leads of PFETs A4Q3
and A4Q4 can be accessed from the circult side
of the board and used as test points. The Drain
{D) of A4Q3 can be picked up at its case or from
the cathode of A4CR13. The Drain of A4Q4 can
be pizked up at its case or from the anode of
A4CRI14,

5131 if all the INPUT measurements are cotrect biut the
OUTPUT Vgs waveform {3} is Incorrect, the problem may be
caused by weak PFETs, Two 6800pF capacitors (HP PN
0160-0159) can be substituted for the PFETs (G to S) to check
woveform 3. If the waveform is still incorrect, the problerm may
be located in the drive companents, If you replace the PFETS,
replace both the PFETs and assoclated drive componerds as
furnished In PFET Service Kit, HP Part No, 6060-2860.

CAUTION

The PFETSs are static sensitive and can be destroyed
by relatively low levels of electrostatic volftage. Han-
die the A4 power mesh board and the PFETs only
after you, your work surface and your equipment
are properly grounded with appropriate resistive
grounding straps. Avoid touching the PFET's gate
and source pins.

5-132 Troubleshooting Bias Supplies

5-133 +5 V On A2 Control Board, The PWM A2UG in-
cludes a clock generator (45 kHz set by A2R53 and AZC26) and
a current limit {2 Ade set by 0.15 Vde acrass A2RB0). It turns
off each output pulse using the ditference between the voltage
at voltage divider AZR46-A2R47 and the 2.5 Vidc set by voltage
regulator A2U5,

5-134 Circult Included. +5 Vdc blas supply circultry from
connector pin A2P1-15 through jumper A2W3 on A2 control
board.

5-138  Setup.The Main Troubleshaoting Setup, para-
graph 5-111. Apply the ac mains voltage to the isoiation
transformer, and set the external supply to 0 Vdc.
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B-138  (Input:

NGDE MEASUREMENT SOURCE

MR ~ 20 Vdc AICRSAICA?
6-137  Qutputs:

NODE MEASIREMENT

As6 w7 1o 4 Vde sawtoath, 45 kHz

Alig12,13 =193 Vpk, 15 ps pulses, 45 kiz

A203 (smit) 20 Vpk, 5 ps puises, 45 ki

A2US {0UN 25 Vde

AR50, AZCR1Y (anode) m~0 >V > 0007 Vde

AIRAG, A2RAT 25 VYde

5138  To check [f load on +5 V is shorted, ramove i mper
A2W3

6-139 +16 V On AZ Control Board, Voltage regulator

A2U12 reguiates the voltage scross resistor AZR29to he 1,25
vde, That sats the current through zensr dicde A2VR1 at 7.5
mAdc. The autput voltage Is 1,25 Vdc plus 11,7 Vdc across
AZVR1 plus the voltage across AZR34.

6140  Circuit Included. + 15 Vdc blas supply circuitry from
connector pin A2P1-27 through tesi point A2J3-2 on A2 con-
trol hoard, :

6-141 éetup. The Maln Troubleshooting Sctup. paragraph
6-111. Apply the ac mains voltage to the Isalation transtormer,
e 1 sat the external supply to 0 Vde,

6142 ' Input:.

E-547  Setup, The auin Troubleshooting Setup, paragraph
[-111, Apply the 22 wieins voltage to the bias transformar, and
sat the external supply to 0 Vde.

5-148 Input:

NOD:: MEASUREMENT SUURCE

AN A2CIEH = —24 Ve ALUL, AICU+)

5143 Outputs:

RODE { +) NODE | -) MEASUREMENT
AZUHADA AJUAOUN 1.5 Vde

A2VR2{cath) ANRHanodel 1.7 Vde

AZR3IAIR4 ATVRZ(cath) 205 Vde

E-160  Tocheckifload on — 16V is shorted, remove jumper
A2W3.

5-161 Refar to Down Programmer, paragreph B- 152, for the

+8,9 V hias supply, and refer to QVP Clrcult, para graph 6-170,
for the +2.6 V bias supply.

5-162 Troublashooting Down Programmer

5-163  The down programmer losds the output when cither
MASTER ENABDLE Is low or CV ERROR I more negative than
about -6 Vdc. Comparator A4U38 triggars down programm-
ing when the voltage at A4U3B-B Is less than about 3 Vdc, The
collector-emitier current through transistor A4Q6 incraases as
the output voltage decreases becausa of feedback from voltage
divider A4R24-A4P27 at A4U3A-2,

Sy 6-164  Circuit Included. Dovm piogrammer an'* 8,9V blas
KODE MEASUREMENT SQURCE supply on A4 power mesh boarr.
AN, ~ 24 Yde AILS, AICY (+) 5-155  Setup. The Main Troublashooting Setup, paragraph
A2CITL+) 5-111, excopt connact the extarnal supply to the unit's +QUT
{+)and - OUT { -} terminais. Apply thn ac mains viitage
5143 © Qutputs: the Isnlation transformer, Sot the external supply (EXTERNAL)
end adjust the unit's voltage setting INTERNAL) as instructed
NOJE (+) NODE (-} MEASUREMENT below,
AT ATHADS 1.5 Vde 5-166¢ Outputs:
AN Hrath) A2U1Zanode} 1.7 Vde
#2VR1{enode! ARMAZAR 206 Vde Sat Voltage (Vde)
AtR3cath) AZvR3lanode} 6.2 Vde NOCE Extomal Intemal Setm Measursment
E-144  To check (fload cn + 15V is shortey, remcve jumper MUHOUT - - 88 Vde
AW, MU3B7 0 2 unplug 751 0 Vde
6-146 ~16 V On A2 Control.Board. Voltage requlator MUB7T 1 0 reconmect T51 b ¥de
A2U4 regulates the voltage across resistor A2R32 to be 1.25 MU 0 2 14 Ve
Vde ' AMU3A2 0 2 unplug 15 .43 Vde
' ‘ MRS 5 2 =041 Vde
6-146  Clreult Included. —15Y/de hias supply clrcuitry from M5 (ase) a ? 10 Vde
cennector pin A2P1-30 through tust point A2J3-21 on A2 con- MU 0 2 A0 Vde
trol board. ; AR i1 2 e L34 Vde
- Y
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b-17 Troubleshooting CV Tircuit

5168  V-MON, the autput of CV Monitar Amp A2U7, Is
ths voltage batween +S and ~ 5. CV Error Amp A2UB com-
pares V-MON to CV PROGRAM, iInnerloop Amp A2U10A
stabilizes the CV loop with VS input from A2U10C, The
maasurements below verify that the aperational amplifier clr
cults provide expected positive and negative d¢ voltuge excur-
sion when the CV loop [s epen and the pawer mash shut down.

6-169  Clrcults Included. Constant Voltage {CV) Clrcult and
bufler amolifier A2U10C.

B-160 - Setup. rhe Muin Troubleshooting Setup, paragraph
6-111. Apply the ac mains s oltage to the solation trensformer,
and diszonect the external supply. Remove the +$ jumpaer
and connnct ALJ3-2 {+ 16 V) 10 + S, Set MODE switch sat-
tings B4, B6 and BE all to 0. Set VP to 0 Vde by connecting
‘o VP orset VP to +6 Vdc by connecting to A2J3-1 accor-
ding to SETUP belaow.

t-161 Outputs:

NODE SETUP MEASUREMENT

W™ 3.75 Vde

A0Ce 47 Ve

Aug§ V=0 - W Yde

AZU10A VP =0 - 14 Vde

A6 V=5 471

AUI0A VP=§ 5 Vde

B-162. if the fallure symptoms include output voltage oscille-

tion, check if the CV Errar Amg clrcult is at fau't by shorting -

A2U8-6 to A2U8-2. If nscillations stop, the CV Errer Amp cir-
cuit is probably at fault,

5-163 Trcubleshooting CC Clrcuit

6-164  I-MON, cutput of >C Monitor Amp A21J3, In volts
Is 1/6 the output current In amperes. CC Error Amp A2U2B
compares -MON to CC PROGRAM. Differentiator circuit,
A2U30 and A2U3C, differentiates the inboard voltage sense
to stablize the CC loop. Its vutput I3 summed with IMON at
CC Error Amp A2U28B,

6-166  The measurements below verify that the operational
amplities clrcuits provide expected positive and negative dc
voltage gain when the CC loop Is open and the power mesh
shut down.

6-166 Circuits Included, Constant Current {CC) Clrcult on
A2 contro) board,

6-167  Setup. The Main Troubleshooting Setup, Poatagraph
B-111, except connect the external supply with polarity revers-
ed to the unit’s +QUT {-) and — OUT {+} terminals, Apply

nics.com

&-N

the ac mains valtage to the Isolation transfarmer. Set moda
switches B1, B2, and B3 all to f}. Set the extarncl supply to
3.0 Adc constant currant with a voltage limit in the range b to
20 Vdec, Set IP to 0 vdc by connecting to P or
sot IP to +6 Vdc by connacting to A2J3-1 accarding to the
fallowing SETUP,

5-168 Qutputs:

NODE SETuP MEZASUREMENT

M 0.50 Yde

At P=0 ~ 14 Ve

A2U2B7 P=h 6.0 Vde

L3013 + 1015 Vde

AICA +0.015 Yde

AMICH +0.25 Vde

5-169 If the fall ire symptoms Include output current osclila-

tion, chack If the differentiator cireul* is at fault by removing
resistor A2R16 {3.3 M. If osciliztions stop, the ditferentiator
is probably at fault.

5-170  froubleshooting OVP Circult

5-171 Comparator A21)14D sels, end gats A2L/17A resels,
fliptlop A2U14B-A2U14C. TTL lovs at A2U14-1,8, 1.t inhiblts the
F"VM-

6-172 Circuit Inciuded. OVP Circuit and 2.5V blas supply
on A2 caontrol board,

6173 Setup. The Maln Troubleshooting Setup, Paragraph
B-111, except connect the external supply to the unit's +QUT
{+)and =0T (-} terminals. Apply the ac mains voltage to
the isafation transformer, Adjust the unit’s OVP limit to 15 Vdc,
Set the external supply (EXTERNAL} as instructed below,

6-174 Outputs:

SET VOLTAGE

NODE Extornal (Vi)  Setup Msesuremant
AZU0UT) - 15 Yde
A0 10 19 Vde
AU - 1.5 Vde
A2313 10 b

AZI313 2 (]

A3 10 k

AN 10 tyde power hi

NOTE

Connecting & test probe to either input of either
comparator in the OV Flipflop (pins
A2U14-1,6,7,8,8, 1+ ar A2U11-13) may cause the
fiipflop to change states and ceuse the probed in-
put to ke low,
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6-176 Troubleshooting PWM & Clock

5176  The inputs to Inhiblz Gute A2U1SA and PWM gote
A2U19B or3 the keys to PWM traubloshooting. The 20 kHz
Clack starts each PWM output pulse, and the pulse stops when
any of the inputs to A2U19A or A2U19B goes low. The PWM
is Inbbited and prevented from Initiating output pulses as long
as any of the eight inputs are low,

6177 Circuits Included. Pulse Width Madutator {PVW/M). [n-
hibit Gate A2UJ9A, Off-Pulse Onashat, On-Pulse Oneshot,
A2U178, 20 kHz Clock.

5-178 . Satup, The Mcin Troubleshoating Setup, Paragraph
B-111, Apply the a¢ malns voltage to the bias transformer and
switch on the LINE switch, Adjust the unit's current satting
above 1,0 Adc. Set the external supply {EXTERNAL) and ad-
just the unit’s valtage setting {INTERNAL) as instructed below,
Use the DISPLAY SETTINGS switch to adjust the unit's cur-
rent or voltage setting.

6-179  Inputs:

NODE SETUP MEASUREMENT  SOURCE
A3 6.0 Vde A0 Hemitier)
ANS h AN
A3 hi remote nhibit
AU194 hi AUIA
AlU1185 M A1iB 8
A810 hi AI87
AU1812 POWER LIMIT fo AZIA2
fully COW
A211812 POWER LMIT hi AU
fully CW

5-72

5-180 Qutputs:

SET VOLTAGE (Vi)

NODE EXT. INT.
A217 [
A3 0 0
AURS g 0
A5 o

b ¢

AU138
A2 0 0

A194
A3
ANTE
A5
A156
AT

E&558535

AU155

B

+Qur n 15
+0UT a2
+0UT o 2

SETUP

POWER LMIT
fully CCW

POWER LIMIT
fully CW

shert AZJ34
to A3

MEASUREMENT

TIL 3q wave, 320 kHz
TTL sq wave, 160 kHz
TIL sq waye, 20 kHz
235 ps TIL pulses,
20 kHz

215 ps TIL puises,
2 ki

]

T 5T 55

groups of 4 pulses,

17 s, TTL 20 kHe

17 us TTL pulses,

20 kHz

=122 Vde (OVERRANGE)
20 Vde TV

00 vde




SETUP: X —0on't care. Tests requiring this setup can be
performed in any mode.

SETUP: Al

pF in free-ren mode--Used for tasting uP sddress bus,
ABW4: hetween Jii and J6

ABWE: don't care

ABS1 AB: don't cate
A4
A3 "
AZ: "
Al

ABS2 A: closed
B: opan
C: closed
D: open
E: open

Signature Analyzer:

NODE EDGE
staRT  sarwassra /S
STOP saz iassri /"
CLOCK sas s S

+b V signature is 0003
SETUP: A2

pF in free-run made—Used for testing AB UB while it is driving
the Jata bus.

AE8W4: between Jb and J6
ABWHE: don't care

ABS1 AS: don't care
A4 "
A3 "
A2l "
A1: ”"w

ABS2 A: closed
B: open
C: closed
D: open
E: open

Signature Analyzar:

NODE EDGE
START SA8 (ABJ7/100 N\
STOP AB U12/15 L
cLOCK SAG 1ABIT/8)  \_

+6 V signature is 1180

www.valuetronics.com

SETUP: A3

4P In free-run mnde —Used for testing data bus when A8 U15
{input port for S1 and WE) is dolt.g the driving.

ABWA: Betweu. L and J6

ABWE: don't care

ABST AGE: gon't care
A4
A3
A2 "
Al

ABS2 A: closed
B: open
C: closad
D: open
E: open

Signature Analyzer:

NODE EDGE
START SAT(ABST/Z T\ _
STOP SA2 (ABJ7/4) TN\
CLOCK asu2nz [

+8 V signature is 1180
SETUP: B1
SA mode —general testing,
ABW4; J6
ABWB: Diagnostic (A8J7/16 shorted to ABJ7/16}
run 12 {SA mode) is displayed on front nz2hel
Shart ABL7/11 to ATTP2
ABS51 AB: 0
Ad: 1
Ad 1
A2, 0
AL O
ABSZ A: closed
B: open
C: closed
0: open
E: open

Signature Analyzer:

NODE EDGE
START sa3 A7/
STOP SA4 (ABJT/6)  \_
CLOCK sas1a8i78) _/

+Bb V signature Is U16H

SETUP: B2

SA made—Used for testing serializer clock generator.
AB N J6

A8WE: diagnostic (ABJ7/16 sharted to ABJ7/16)
Soort ABJZ/11 to ATTP2

ABE1 AG: O
Ad 1
P
AL O
e o

ABS2 A: closed
B: open
C: open
D: closed
E: open

Signatura Anelyzar:

NODE EDGE
START  sA3(ae../5 _/
STOP SA4 (ABJ7/6)  \L
CLOCK sa s S/

+6 V signature is U16H

SETUPR; B3

SA mode — Used for testing data read from the A7 (P51} beard,

ABWA: JE

ABWE: Diagnastic (ABJ7/15 shorted 1o ABJ7/16)

Short ABJ7/11 to ATTP2

ABS1 Ab:
Ad:
A3

Al:
Al

OO = =O

ABS2 A: closed
: open
: closed
: open
open

moomw

Signature Analyzer:

NODE EDGE
sTART  saswesre S/

STOP SA4 ABJ7/6)  \-
cock  sasumem S

+5 V signature s U16H
Additional requirements:

A2 R20 shorted

A2 R99 shorted

A7 C30 shorted

A7 TP4 jumpered to A} TPb
A7 TP6 jumpered to A7 TP2

L

SETUP:; B6

SA mode~—Used for tasting A8 U24 {DATA UP shift reglster)
while it [s driving the data bus,

ABW4: U6
ABWE: Diagnostic "ABJ7/16 shorted to ABJ7/16)

ABS1 AB: 0
Ad: 1
A3 1
A2: 0
Al: 0

ABS2 A: closed
B: open
C: closed
D: open
E: apen

Signature Analyzar:

NODE EOGE
START SA3 (AB7/6) [~
STOP SA4 (ABJT/6)  \_
cLOCK asuaim

+b V signature Is Pb4b
Additional Requiren.ants:

A2 R20 shorted
A2 R99 shorted
A7 €30 shorted
A7 TPA jumpered to A7 TPb
A7 TP6 jumpered to A7 TP2

SETUP: B?

SA mode-Used for testing AB U3 (GPIB chip) while it is
driving the data bus,

W4: J6
W6: Diagnostic {ABJ7/15 shorted to ABJ7/16)

S1 AG: U
A4 1
A3l
A2: Q
A1 0

S2 A: closed
: open
: closed
. open
: open

moOQo

Signature Analyzer:

NODE EDGE
START sa3 st [
STOP SA4 (ABJ7/6)  \_
CLOCK asuizia [

+5 V signature is FP54

SETUP: BB

SA modr —Used for testing AB U3 {GPIB chip}
ABW4: J6

ABWE: Diagnostic (ABJ7/15 shorted to ABJ7/16)

ASS1 AB: 0
Ad: 1
A3l
A2: 0
Al 0

ABS2 A: clgsed
B: open
C: closed
D: open
£: open

Signature Analyzer:

NODE EDGE
START sa3ass1s)  _f
STOP SA4 (ABJ7/6) N\
clock  saswesm S

+5 V signature is U16H

SETUP: C1

SA mode-Used for testing AB U14 (data bus buffer).

ABW4: J6
ABWS: Diagnostic (ABJ7/15 shorted to ABJ7/16)

ABS1 AG: O
A4
A3 1
A2: 0
Al

ABS2 A: closed
B: open
C: closed
D: open
E: open

Signature Analyzer:

NGDE EDGE
start  asuzm _/
STOP AB U22/11 B
cLOCK AB U13/9 va

+6 V signature is CC34

SETUP: C2

SA made

ABW4: J6

ABWB: Diagnostic {ABJ7/15 shorted to ABJ7/16}

ABS1 AB: O
Ad: 1
A3 1
A2: 0
Al i

ABS2 A: closed
B: open
C: closed
D: opan
E: open

Signature Analyzer:

NODE EDGE
START A8 U22/11 _/'
STOP AB U22/11 .
CLOCK sAs A7/~

+B V signature [s 0262
SETUP: S

Unit will skip a!l self tests. Front panel meters will display
unscaled readings of alt manitar signals. 60 V or 10 A will
carrespond to a meter reading of 6.00. HP-1B addre.3 will be
b, even though address switch Is set to 3.

ABW4: J6
ABWS: Diagnostic (ABJ7/15 shorted to ABJ7/16)

ABS1 AL O
A4: 0
A3: 0
A2: 1
Al

ABS2 A: closea
B: open
C: closed
D: open
E: clased

NOTE:
In these setups, Ground for the HP-1B Board is ABJ7 11, 13,
14 or 15.

Table 6-13. Test Setups
573
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Section VI
REPLACEABLE PARTS

6-1 INTRODUCTION

6-4 ORDERING INFORMATION

6-2 This section contains information for ordering replace- 6-5 To order 8 rec!acema,it part, address order or inquiry
ment parts, Toble G-4 lists parts in alpha-numeric order by to your local Hewlett-Packard sales office (see lists at rear of
reference designators and pravides the following information; this manual for oddresses). Specify the following information

for each part: Mode!, complete ser al number, and any Qption
or special modification (J) numbers of the instrument;

a. Reference Oesignators, Refer to Table 6-1, Hewlett-Packard part number; circuit reference designator;
b. Hewtett-Packard Part Number, _ and description. To order a part not listed in Table 6-4, give a
¢. Total Quantity (TQ} used in that assembly (given the campleta description of the part, its function, and its location,

first time the particular part number appears).
d. Cescription. Refer to Table 6-2 for sbbreviations,

e. Manufacturer's Federal Supply Code Number, Refer to

Table 6-3 for manufacturer's name and address.

Table 6-2. Daescription Abbreviations

. Manufacturer's Part Number or Type. ADDR Addressable
ASSY Assembly
AWG Amencan Wire Gauge
6-3 Parts naot identified by reference desi ynator ar: listed BUFF Butter
at the end of Taoble 64 under Mechanical and/or CER Ceramic
Miscellaneous, comp Carban Film Compaosition
CONV Converter
DECODER/DEMULTI Decuoder/Demultipiexer
ELECT Electrolytic
Table 6-1. Refarence Dasignators EPROM {Ejrgliegg)é%21$grammable Read-
FET Field Effect Transistor
A Assembly FF Flip-Flap
B Blawer FXD Fixed
C Capacitor Ic Integrated Circuit
CR Diode INP Input
0s Signaling Device (iight) LED Light Emmiting Diode
F Fuse MET Metal:zed
FL Filzer MOS Metal-Oxide Siticon
G Pulse Generator OP AMP Operational Amplifier
J Jack OPTO Optical
K Relay ovP Cver Voliage Protection
L Inductar PCB Printed Circuit Board
Q Transisto: PORC Porcelain
R Resistor POS Positive
RT Thermistor Disc PRIOR Profity
S Switch ROM ftead-Only
T Transformer Memory
B Terminal Block RAM Random Access Memory
TS Thermal Switch RECT Rectifier
Yy Integrated Circuit REGIS Register
VR Voltage Regulator {Zener dicde} RES Resistor
w Wire (Jumper} TBAX Tube Axial
A Socket*” TRIG Triggered
Y Oscillator UNI Universal
VAR Variable
VLTG REG Voltage Regulator
*Reference designator fallowing X' le.g. XA2) ww Wire Wound
indicater assembly or device mounted in socket,
6-1
TS VI TN T TNt erem Ty ST YT oy Rt e et etagon f s
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Tabla 6-3, Cade List of Manufacturers

Code Manufacturer Address

00853 Sangan 2 Electric Campany Pickens, Sc

o Allen E adley Company Milwaukee, WI
Q:295 Texas Insteyments Ing, Semicon Comp Div. Dallas, TX

03508 G.E. Company, Semicon Prod Dept. Auburn, N.Y.
04713 Motorola Semiconductor Products Phoenix, AZ
07263 Fairchild Semiconductor Div. Hicksville, N.Y.
14936 General Instruments Corp, Semicon Prod Hicksville, N.Y.
16299 Gorning Glass Works, Component Division Rafeigh, NC

19701 Mepco/Electra Corporation Mineral Wells, TX
20940 Micro-Ohm Corporation El Monte, CA
24546 Corning Glasswarks Bradford, PA
2104 National Semiconductor Corporation Santa Clara, CA
27167 Corning Glassworks Wilmington NC
28480 Hewtett-Packard Palo Alto, CA
32997 Bourns Inc, Riverside, CA
Be576 Synertek Santa Clara, CA
56289 Sprarue Electric Company North Adams, MA
71400 ruassmen Division of McGraw Edison Co. St. Louis, MO
15042 THRW Inc, Philadelphta Dwision Philadelphia, PA
82877 Rotron Inc Woodkstock, N.Y.
IBB46 Varo Gemlconductor Inc Garland, TX
31585 RCA Corporation, Solid State Div Somerville, N.J.
H20Z7 Schurter AGH Luzern, Switzerland
50545 Nippon Electric Company Tokyo, Japan

6-2
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Tabie 6-4, Replaceabla Parts List

Tol LhLy ui
) .. di

Ref. HP Mfr.
Desig. Part No. TQ] Descriptian Code Mfr. Part No.
z 06038-6002¢ 1 Al Main Bosrd Assembly 28480
B Cl 0160-4.962 2 Fxd cer luf +10% 50Vac 284180
: c2,3 0180-3426 2 fxd elect 590uf +50-10% 400V| 28480
Ca 0180-3427 1 fxd cer 300uf +50-10% 200V 28480
C5 0160-4962 fxd cer luf +20% 250V 28480
s Cé,7 0160-5933 4 fxd cer .022u0f (0% 1500V 28460
cB-10 0180-3548 3 fxd elect 1700uc 75V 28480
- Cil,l2 0160-6167 2 fxd cer 2.2uf 100V 28480
Cl3,14 0160-5933 fxd cer .N22uf 10% 1500V 28480
Cl5,16 01604355 2 fxd met ppr .Qluf ~10% 250V | 28480
: cL7 0160-a834 1 fxd cer .047uf +20% 100V 28480
B cLs,19 NGT USED
: cz0,21 0180-3428 2 fxd elect 1000uf 50V 28480
: C22,23 0160-4439 2 fxd met ppr 4700pF +20% 250V| 28480
- C24,25 0160-4281 Z fxd met 2200pf 20% 250vY 28480
C26 0160-4323 1| fxd met 0.047 20% 250V 28480
N CR1 190i-1087 2 pwr rect 600V 3A 200ns 04713 MRB56
Z CR2 1901-0759 2 pwr rect 600V 3A 14936 IN5406
_ CR3 i90l1-1087 pwr rect 600V 3A 2030ns 04713 HMRB56
- Cra 1901~0759 pwr rect 600V 3A 14936 1N5406
= CRS NOT USED
- CR6,7 1901-0731 5 pwr rect 400V 1A 28480
d CRB,9 1901-0050 2 switchiig BOV 200mA 28480
=4 CRI1D-12 NOT USED
- ] €R13-15| 19010731 pwr rect a4Jovy 1A 28480
— 1 NOT USED
- F2 2110-0007 1 fuse LA 250V 75915 313001
= F3 2110-0343 1 fuse .25A 125V 28480
3 Jl 1251-5927 1 connector, post type 26~-cont| 28480
) 32 1251-5384 1 connector, post type 3-cont | 28480
- J3 1251 /8676 1 connectur, post type 5-cont |28480
A Kl 0490-1417 1 relay, DPST
= Ll 056024-81094) 1 choke, RFI, 3A (used with
_ magnetic core 9170-072))
= L2 NOT USED
= -3 9140-0987 1 chake, output, 3uH 28480
ql 1854-006/ 1 NPN SI 28480
- az 1854-0799 1 NPN 51 01295 TIPalC
- R1 0Bl1-3667 1 fxd ww 20 5% 7W 28480
= R2 p8il-1865 2 fxd ww 2K 1% 5W 26480
. R3 NOT USED
- Ra 0683-1025 2 fxd comp 1K 5% l/4W 0r121 CBLOZ5
-3 R5 7175-0057 5 wire, tinned copper, AWG 22 |23480
3 Ré 0683-1025 fxd comp 1K 5% L/4W oL121 £B1025
g R7 0699-1210 fxd film B80.K 1% .1W 28480
= R8 0699-0118 fxd fFilm 20K .1% .lW 28480
3 R9 7175-0057 wire, tinned copper, AWG 22
= R10 0698-6359 fxd Film BOK .1% 1/8W 28480
= R1l U693-6322 1 fxd fFilm 4¥ 0.1% 1/8W 28480
. R12 0698-8695 | fxd film 36K 0.1% 1/8W 28480
= R1> NOUT USED
= Rla 0698-3572 1 fxd film 60.4 1% 1/8BW 28480

[
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Table 6-4. Replacesble Parts List {cant,)

Ref. HP : Mfr. -
Desiq. Part No. TQ] Description Code |Mfr. Part No. -
R15 0757-0270 1 fxd film 249K 1% 1/4aW 24546 |NT4-1/8-T0-2493-F =
R16 NOT USED =
R17,18 0683-.005 2 fxd comp 10 5% 1/4W gli2l ;CBlOOS il
R19 0683-1055 1 fxd comp 1M 5% 1/aM D121 j€B1G55 -
R20, 21 Nali-1867 2 F«d ww L5K 5% 5W 28480 —
R22,23 0686-1065 2 fxd comp lOM 5% L/2W al121 |[EBLO55 =
R24,25 0686-1033 2 fxd comp LOK 5% 1/2W 01121 {EBLO35 =
K26 0683-3315 1 fxd comp 330 5% l/4W 01121 |CB33515 =
R27A,28f 0BL1-1B45 2 fxd we .2 1% O5W 28480 E=
R29 0686-3355 1 fxd comp 33K 5% 1/2W 01121 {EB3335 =
A30 0Bl1l-1865 1 Fxd ww 2K 1% 5W 28480 -
R31 0812-0098 1 fxd ww 135 5% 5W 28480 %
R32 06B3-1035 1 fxd film LOK 5% 1/4W 01121 [CB1O35 il
R33 0683-4745 1 fxd Film 470 5% 1/4¥W 01121 |CB4745
R34 0683-2035 1 Fxd film 20K 5% 1/4W gili21 |cB2035 i
51 3101-04802 1 awitch, DP3T rocker {mounted| 28480 —_
[ ’ on front chassis) =
52 3101-1914 H switch 2-DPDT, slide 28481} =
53 NOT USED _
54 3101-2046 1 switch DPDT, slide 28480 =
Tl 06038-8009Q3 1 Teansformer, Power _
T2 9170-1264 1 core, magnetic (used with 28480 =
primery wire 06023-80003) —
T3 5080-1982 1 transformer, bias 28480 -
T4 5080-1984 1 choke, line 2mH 28480 =
TP1,2 1251-5613| 2 | connector, single contact 28480 _
Ul 1906-0006 1 rectifier bridge 400V 1A 18546 {VEASB e
VR1,2 1902-1377 1 zener 6.19Y¥ 23 28480 e
Wi,2 N6023-80003] 2 | jumper, output 10 AWG 28480 ~__
XA2P1 1251-8665 1l connector, post type 30-cont] 28480 =
XA2P2 1251-8667 1 connector, post type 20-cont| 28480 -
xA4P1,2 | 1251-8806 | 2 | connector, DIN type 32-cont | 28480 =
06038-60023 1 A2 Control Board Assembly 28480 =
' cl 0160-5469 3 Fxd Film luf 10% 50V 28480 —
3 c2 0160-5422 22| fxd cer 0.047uf 20% 50V 28480 —
C3 0l60-4812 2 Fxd cer 220PF 5% 28483 -
- S4-6 NOT NSFD 28480 =
c7 0160-5422 23| fFxd cer 0.047uf 20% 50V 28480 =
_ of: 0160-4812 | 6 | Fxd cer 220pf 5% 100V 28480 =
= c9 0160-5377 1 fxd cer 2.2uf 10% 63V 28480 -
= clo,ll 0160~5449 fxd Film Luf 10% 50V 28480 -
_ cLz,13 0l60-5422 fxd cer 0.047uf 20% 50V 28480 —
Cls olsn-029} 3 fxd elect luf 10% 355V 56289 |150D105X2035A2 =
cl5 0180-1731 1 fxd elect 4.7uf 10% 50V 56289 |150Da75X505082 =
- cls,l7 0180-0230 2 fxd elect luf 20% 50V 56289 |150D105X0050A2 o
cla, 19 0180-0291 fxd elect luf 10% 35Y 56289 |150D105X9035A2 -
2 C20 0180-2624 1 fxd -“lect 2000uf +75-25% 10V|) 28480 =
- €21 0160~5098 2 fxd cer 0.22uf 10% 50V 28480 ;—__
= c22 0l60-4832 2 fxd cer 0.0luf 10% 100V 28480 —
- c23 0180-3407 L Fxd elect 2200uf +50-10% 35V} 28180 -
- -
-4
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Table 6-4. Replaceabls Parts List {cont.)

Ref. HP l MFfr.
Deslig. Part No. TQ| Description Code MFr. Part No,
C24 0l160-5098 fxd cev 0.22uf 10% 50V 28480
C25 0160-4833 1 fFxd cer 0.022uf 10% looOv 28480
€26 0160-0154 1 fxd poly Z2200pf 10% 200V 28480
€c27,28 0160-5422 Fxd cer 0.0487uf 20% 50V 28480
cz29 0160-4812 fxd cer 220pf 5% lOOQv 28480
C30 Gl60-4830 1y Fxd 22007F 10% LOGV 28480
C3l,32 D160-4801 5 fxd cer 100pf 5% 100V 2848C
C33-35 0160-5422 Fxd cer 0.087uf 20% 50V 28480
C36 0160-4833 2 fxd cer 0.022uf [O0% LlO0OV 28480
C37 0160-~5422 fxd cer u.047uf 20% 50V 28480
C3e 0160-4803 1 fud cer 68pf 5% 100V 28480
C3%,40 0l160-5422 fxd cer 0.047uf 20% 50V 28480
cal 0160-4835 1 fxd cer U.luf 10% 50V 28480
ca2 0160-4805 2 fxd cer 47py 3% 100V 28480
Cal 0160-5422 fxd cer 0.047uf 20% 50V 28480
Cas 0160~4805 fxd cer 47pf 5% LOCV 2B4BO
cas 0160-4810 1 fxd cer 330pf 5% 100V 28480
cas 0160-4307 1 fxd cer 33pf 3% loOoy 28480
ca? 016G-4822 1 fxd cer 1000pf 5% 100V 28480
Ca6 0160-5422 fxd cer 0.047ul 20% 50V 28480
Ca9 0l60-4833 fxd cer 0.022uf 10% 100V 28480
C50 0160-0168 1 fxd poly 0.1luf 10% 200V 28480
C51 0160-4801 fxd cer 100pf 5% loO0v 28480
C52,53 0160-4831 fxd cer 4700pf 10% OOV 28480
C5a 0160-5422 fxd cer 0.047uf 20% S0V 28480
55,56 0160-480! fxd cer 100pf 5% LOQV 28480
C57,58 0160-5422 fxd cer 0.087uf 2(% 50V 28480
C59 0160-4812 a fxd cer 220pf 5% loav 28480
Cé0 0160-5422 fxd cer 0.047pf 20% 50V 28480
Cal 0160-4811 fxd cer 220pf 5% LOOV 28480
Cé2 0160-5422 fxd cer 0.G47pf 20% 50V 28480
Céd 0180-011i6 1 fxd elect 6.8Buf 10% 35V 28480
C64a,65 0160-~5422 fxd cer 0,.087uf 20% 50V 28480
€66 0180-0376 1 fxd elect 0.47uf 105 35V 56289 150D105X9035A2
C67,68 Ul160-4812 fxd cer 220pf 5% 100V 28480
ce69 0160-4832 fxd cer 0.0luf 10% 100V 28480
cC70 0180~1980 1 fxd elect luf 5% 35V 28480
c71,72 0160-5422 Fxd cer 0.047pf 20% 50V 28440
CR1,2 1301-0033 12| gen prcp 180V 200mA 28480
CR3 1301 -0050 15| switching 80V 200mA 28480
CR5-7 1901-0033 gen prp 180V 200mA 28480
CR8-10 1501-0050 switching 80V 200mA 28480
CR1L 1901-0992 1 pwr rect 40V 3A 28480
CRI12-16 | 1901-0033 gen prp 180V 200mA 28480
CRL17 NOT USED 28480
CR18 1901-0033 gen prp 180V 200mA 28480
CR19 1901-0050 switching 80V 200mA 28480
CR20 1901-0033 gen prp 160V 200mA 28480
CR21-30 |19C1-0050 switching BOV 200mA 28480
31,2 1251-2417 2 connector, post type lé-cont|28480
L1 06023--80090 1 choke, bias, B20uH 28480
L2 NOT USED 28480
Pl 1251 -8664 i cannector, post type 30-cont |2848u
P2 1251-8666 | connector, post type 20-cont {28480
Ql,2 1855-0413 2 J-FET P-chan D-mode 5I 27014 2N5116
656

www.valuetronics.com



Table 6-4. Replaceable Parts Liat {cont,)

Ref. HP Mfr.
Desig. Part No. TQ| Description Code Mfr. Part No.
Q3 1854-0635 1 NPN 5i 03508 D44HS
Qa 1853-0012 1 PNP SI 01295 2N2904A
Q5 1854-0823 1 NPN 51 28480
Q6 1858-0023 1 transistor array, lépirn 3L585 CA30BILE
Q7 1854-0087 1 NPN SI 284 R0
R1 0683-5125 6 fxd comp 5.1K 1/24 o112l EB5125
R2 G757-0419 1 fxd Film 681 1% 1/8W 24544 CTa-1/8-T0~6B1R~H
R3 0658-6797 1 fxd film 660 1% 1/8W 28480
Ra 0683-1035 7 fxd comp 10K 5% L/4W 0112} n81035
R5 0699-0774 1 fxd fFilm 6.65K 1% 1/8M 28480
Ré 0683-5125 4 fxd comp 5.1K 5% 1/4W 01121 CB5125
R7 0683-4745 1 fxd comp 470K 5% 1/4W 01121 CBa745
R8 2100-3353 2 trmr 20K 10% l-turn side adj]| 28400
RY 2100-3349 1 temr 100 10% l-turn side adj] 28480
R10 | 0757-0827 1 fxd film 1.5K 1% 1/8W 8546 CTa-1/8-10-1501-F
R1l1,12 0682-1025 3 fxd comp 1K 5% 1/4M 01121 cBlO25
R13 0683-2735 3 fxd comp 27K 5% 1/4W 01121 LB2735
R14 0686-5125 fxd comp 5.1K 1/2W oi121 EB5125
R15 D683-2015 5 fxd comp 200 5% 1/4W 0li21 tB2015
R16 0683-2255 1 fxd Film 2.2M 5% 1/4W 01121 CB2255
RL17 0757-0289 1 fxd Film 13.3K 1% 1/8W 28480
R18,19 0757-0449 4 fxd Film 20K 1% 1/8W 284546 CTa-1/8-T0-~2002~F
R20 0683-1035 Fxd comp 10K 5% 1/8W% o112l CB1G35
R21 2100-3273 2 temr 2k 10% l-turn side adj ]128480
R22 2100-3353 temr 20K 10% l-turn side adj| 28480
R23 2100-3273 trmr 2K 10% l-turn side adj | 28480
R24 2100-3350 1 temr 200 10% l-turn side adj| 28480
R25 2100-3207 1 trmr 5K 10% l-turn side adj |28480
R26 0683-1045 4 fxd comp 100K 5% l/4¥ 0l12} cBloas
R27 0698-6322 2 fxd film 4K 0.1% 1/BW 28480
R28 0683-1045 fxd comp l00K 5% 1/4W% 01121 CBl045
R29 0698-4416 2 fxd Film 169 1% 1/8W 24546 CTa-1/8-T0 169R-~F
R30 0683-7545 2 fxd zomp 750K 5% 1/a4W 01121 CB7545
R31 0698-6322 fxd Film 4K 0.1% 1/8W 28480 .
R32 0698..4416 fxd fFilm 169 1% 1/BW 24546 CT4-1/8-T0~169R-F
R33 0698 -4447 1 fxd Film 280 1% 1/8B¥ 24546 CT4-1/8-TD-280R~F
R34 0757-0404 1 fxd film 130 1% 1/8W 24545 CT4-1/8-T0-131-F
R35 N69B-4608 1 fxd Film B06 1% 1/8W 24546 CT4-1/8-TO-BO6R-F
R36 0757-0438 2 fxd Film 5.11K L% 1/8W 24546 CT4-1/8-T0-5111-F
R37,38 0683~1035 fxd comp 10K 5% 1/4W cl1121 CB1035
R39 05686-2005 1 fxd comp 20 5% 1/2W 01121 EB2005
Ra0 06B83-1005 4 fxd comp 10 5% 1/44 01121 CBlo0OS5
R41,42 0686-6215 2 Fxd comp 620 5% 1/2W 01121 EB6215
R43 0683-1515 1 fxd comp 150 5% l/4W 0l12i £B1515
R44 0757-0434 1 fxd film 3.65K 1% L/BW 245446 Cra-1/8-10-3651-F
R45 0757-0442 7 fxd film 10K 1% 1/BW 24546 CT4-1/8-T0-1002-F
Ra6,47 |0757-0283 2 fxd film 2K 1% 1/8W 24546 CTa-1/8-7T0-2001-F
R48,49 06B6-1315 2 fxd comp 130 5% 1/2W ol121 EBL315
R50 0Bl11-3174 1 fxd ww 0.07 5% 5W 28430
R51 0698-6076 1 fxd film 39K 1% 1/8W 245486 CT4-1/8-T0-3901-F
R52 0757-0280 2 fxd film 1K 1% 1/06W 24546 CT4-1/8-T0-1001-F
R53 0698-4121 I Fxd Film 11.3K 1% 1/8W 24546 Cla-1/8-T0-1132-F
RS54 0683-2015 fxd comp 200 5% 1/4W o121 cB20l5
R55 0683-1055 3 fxd comp 1M 5% 1/4W 01121 CB1015
6-6
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Table 6-4, Replaceable Parts List (cont.)

; Ref. HP Mfr.
~— | Desiqg. Part No. TQ | Description Code Mfr. Part No.
56 0757-0269 1 fxd Film 270 1l/4% 24546
R57 0683-2015 fxd film 200 5% 1/aW gri2zl €B2015
R58 0683-1045 fxd comp 100K 5% 1/4W 01121 CBl04a5
R59 0698-8816 1 fxd Film 2.15 1% 1/8W 28480
R60 0757-0199 1 Fxd Film 2L.5K 1% 1/8W 24546 CT4-1/8-T0-2152-F
R61 0698-63460 2 fxd Film 10K 0.1% 1/8W 28480
R62 8159-0005 i wire, 22 AHWG 28480
R63 0£98-6360 Fxd film 10K 0.1% i/BW 28480
Ré4 0683-5125 fxd comp 5.1K 5% 1/4W 01121 cB5125
165 0699-1210 1 fxd Fiim B0K 0.1% 0.1W 28480
ibb 0699-1211 1 fxd film 95K 0.1% 0.1V 28480
R67,68 0686-5125 fxd comp 5.1K 5% 1/2W 0ll2l EB5125
R6% 0683-2225 7 fxd comp 2.2K 5% )l/4¥ o112l cB2225
R70 0683-2015 fxd comp 200 5% 1/4W 01121 C82015
R71 0698-5089 1 fxd conp 33K 1% 1/8W 24546 C82735
R72 0757-0470 1 fxd Film 162K 1% 1/8W 24546 CTa4-1/8-T0-1003-F
K73,74 0757-0452 3 fxd Film 27.4K 1% 1/BW 24546 CTa-1/8-T0-2742~F
R75 0683-7545 fxd comp 750K 5% 1/4¥ 01121 CB7545
R76 0757-0446 1 fxd Film 19K 17 1/8W 24546 CT14-1/8~-T0~1502-F
R77 0757.0469 1 fxd Film LI50K 1% 1/BW 24546 CT4-~1/8-T0~1503-F
R78 0698-4014 1 fxd Film 787 1% 1/BW 24546 CT4-1/8-TO-787R-F
R79 06968-6983 1 Fxd film 20.4K 0.1% 1/8W 19701 MFACL/2-T9-20428
R8O 0698-6320 1 fxd film SK 0.1% 1/8W 03888 PMES51/87195001B
| Ral 0757-0459 1 fxd film 56.2K 1% 1/8M 24546 CT4~1/B-T0-5622-F
RB82 0683-3325 1 fxd comp 3.3K 5% l/aw oL121 cB3325
RB3 0757-0270 1 fxd Film 269K 1% L/8W 245486 CY4-1/B-T0-2493-F
R84 0757-0442 7 Fxd rilm 10K 1% 1/8W 24546 CT4-1/8-T0-1002-F
. R85 0698-3450 i fxd Film 42.2K 1% 1/8W 245486 CT4-1/8-T0~4222~F
: RB6 0757-0452 1 fxd Film 27.4K 1% 1/8W 24546 CT4-1/8-T0-2742-F
" RB7 0683-2715 2 fxd comp 270 5% 1/8W o112l CB2715
R88,89 0683-2225 fxd comp 2.2K 5% 1/4¥ 0rlz1 £B2225
R9u 0683-2715 fxd comp 270 5% 1/4W 01121 cB2715
R91 0683-2225 Fxd comp 2.2K 5% 1l/4M c1121 CB2225
' R92 0683-2015 fxd comp 200 5% 1/4W 01121 cB2015
R93 06B3-5125 fxd comp 5.1K 5% 1/a4W 01121 €B5125
R94 0683-1035 fxd comp LOK 5% 1/4W 01121 CB10G35
R35 0757-0472 1 Fxd Film 200K 1% l/8W 24546 CT4-)/8-T0-2003-F
R96 07570455 1 fxd Film 36.5K 1% 1/BW 24546 | CT4-1/8-T0-3652-F
R97 0683-5125 fxd comp 5.1K 5% 1/4W 0llz2i CB5125
R98 0683-2735 fxd comp 27K 5% 1/4aW 01121 CB2735
R99 0683-1035 fxd comp 10K 5% 1/aW 0kr21 CB1035
R100,101] 1810-03é65 4 res networkK 6-5IP 2.2K x 5 gllzl 206A222
R102,103] 0757-0449 2 fxd Film 20K 1% 1/8W 24546 | CTA-1/8-T0~2002-F
R104 0757-0280 Fxd film 1K 1% 1/8W 24546 CT4-1/8-10-1001-F
R105 0698-3430 1 fxd Film 21.5K 1% 1/8W 03888 PMES551/8T021R5F
R106 0698-3449 1 Fxd film 28.7K 1% L/8W 245486 CT4-1/8-T0-2872~F
R107 0698-3153 1 Fxd film 3.38K 1% 1/8W 24546 CT4-1/8-T0-3831-F
R108 0683-2035 fxd comp 20K 5% 1/4W glizl CB2035
R109 0683-2225 fxd comp 2.2K 5% 1/4W 01121 cB2225
R110 0683-4725 8 fxd comp 4.7K 5% l/4W 01121 CBa725
R11) 0683-.2025 2 frd comp 2K 5% 1/4W gL121 cB2025
R112 0683-1125 3 fxd comp l.1K 5% 1/aM 01121 CBl1125
R113 0757-0442 fxd film 10K 1% 1/8W 24546 CTa-1/8-T0-1002-F
R1l4 0757-0424 1 fxd film 1.1K 1% 1/8W 24546 CT4-1/8-T0-1101~F
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Table 6-4. Replaceable Parts List (cont.)

Ref. HP Mfr.
. Desig. Part No. TQ | Cescription Cade Mfr., Fort No.
R115 U683-1015 1| fxd comp 100 5% 1/4¥W 01121 | CBlOLS
RL16 0698-3498 1| fxd Film B.66K 1% 1/BW 24546 | CTa-1/8~T0-8661-F
R117 0757-0438 Fxd film 5.11K 1% 1/BW 24546 | CY4-1/8-T0-5111-F
R118 1810-0365 res network 6-5IP 2.2K x 5 0LL21 | 206A222
R119 0757-0288 1 | fxd Film 9.09 1% 1/8W 19701 | MFaCl/8-T0-9091-F
R120 0683-1005 fxd comp 10 5% 1/4¥W 01121 | CBlOODS
R121 0757-0442 fxd fFilm 104 1% 1/8d 24546 | CT4-1/8-T0-1002-F
R122 0n83-5135 1] Fxd Film 51K 5% 1/4W 19701 (CR-25)1-4-5P .51
R123-126{0683-4725 fxd comp 4.7K 5% 1/4W 01121 | CB4725
R127 0683-1855 1| fxd comp 1.BM 5% 1/4¥ olL21 | CB1B55
R1z8 06B3-6835 1| fxd comp 68K 5% 1/4W Dl121 } CBéB3S
RL29 0757-0439 L | fxd film 6.8BK 1% 1/6W 24546 ] CT4-1/8-.0-6811-F
R130 a4683-1055 L | fxd comp IM 5% L1/4W gil21 | CB1O55
R131 0683-3335 1 | fxd comp 33K 5% 1/4¥W 01121 | CB3335
R132 0683-2225 fxd comp 2.2K 5% 1/4W 01121 | CB2225
; R133 0683-2735 fxd comp 27K 5% 1/4W 01121 | CB2735
! R134 0757-0466 1| fxd Film 110K 1% 1/8W 24546 | CT4-1/8~-T0-1103-F
R135,136§0757-0442 fxd film LOK 1% 1/8W 24546 | €T4-1/8-T0-1002-F
R137 0698-3455 fxd Film 261K 1% 1/8W 24586 | CT4-1/B8-T0-2613-F
R138 0683-2045 fxd comp 200K 5% 1/8W 01121 | cB2045
R139 0757-04842 fxd Film 10K 1% 1/8W 24546 | CT4-1/B8-T0~1002-F
R140 0698-3160 Fxd Film 31.6K 1% 1/8W 24546 | CTa-1/8-T0-3162-F
R141 0683-1025 Fxd comp 1K 5% l/4W ollzl | £B10O25
RLa2 0683-2225 fxd comp 2.2K 5% 1/4W 0Ll121 | CH2225
R143 0683-1045 fxd comp 100K 5% 1/4W 0D1121 | CBLOAS
Rl44 0683-4725 fxd comp 4.7K 5% L1/4W orizl | CBav25
R145 0683~4715 Fxd comp 470 5% J/4W al1zl CBAT7L5
R146,147]0683-1125 fFxd comp 1.1K 5% 1/4% o112l cB1125
R148 0683-3925 fxd comp 3.9K 5% 1l/a4W oL121 CB3925
R149 1810-0365 res network 6-5IP 2.2K x 5 01121 206A222
R150,151]0683-18015 2 | fxd comp 180 5% 1/4¥ 01121 CB1815
R152 0683-1025 fxd film IK 5% Ll/4W 01121 £B102%
R153 0683-1035 fxd Film LOK 5% 1/4W 01121 CB1D35
R154 NOT USED
R155 0683-1005 Fxd film 10 5% 1/8W o1l121 CB1005
R156,157 NOT USED
R158 0683-1005 fxd Film 10 5% 1/4¥ 01121 CB1l0OO5
51 3101-2097 1| switch 6~1A slide assy 28480
ul 1826-039% 3 |IC op amp L-bias H-impd 04713 MLM30BAPL
U2 1826-0346 11]IC op amp GP dual 27014 LM358N
us 1826-0161 2 | IC op amp GP Quad 04713 | MLM324P
Usa 1826-0527 1 | IC voitage regulator 1.2/37vV |270184 LM3377
neg.
- U5 1826-0544 2 1IC 2.5V voltsge reference 04713 MCl403U
us 1826-0428 1 | IC modulator G1295 56352413
u7,8 1826-0493 IC op amp L-bias H-impd 04713 | MLM30BAP:
B} ug 1826-0544 IC 2.5 voltage reference 04713 | MClaQ3u
ulo 1826-0161 IC op amp GP quad Ca7l3 MELM324P
- Uil 1820-1209 1 JIC BFR TTL LS NAND quad 01295 SN74LS38N
- ul2 1826-0393 1 |IC voltage requletor 1.2/37v |27014 LM317T
pos.
- Ul3 1820-1112 1 JIC FF TTL LS D-type 01295 SN74LS74AN
. pos-edge-trig
yla 1826-0138 2 |1IC comparstor GP quad 01295 LM339N
68
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Table 6-4, Replaceable Parts List {cont.)

ReF. HP Mfr.
—_ Desigqg. Part No. TQ] Description Code Mfr. Part No.
-
uls 1820-1437 1 IC MV TTL LS monrostbl dual |0G1295 SN74LS5221N
Uls 1826-0065 2§ IC comporator PRCN 01295 SN72311P
ULz 1820-1246 1| IC gete TTL LS5 AND quad 01295 SN74LSQ9IN
UlB 1820-0935 1§ IC CTRCHMDOSBINneg-edge~trig |3L585 CD4020BE
ulg 1820~1205 1| IC gate TTL LS AND dual 01295 SN74LS52IN
uz20 1826-0138 IC comparator QUAD 01295 LM339N
‘ U2l 1826-00465 IC comparator PRCN 01295 LM339N
! uz2 1820-2096 1} IC S5HF-RGTR CMOS 3L585 CDAO006BE
VR1,2 1902-0018 2| zener 11.7V 5% 04713 iN9al
! YR 1902-0777 1l ]| zener 6.2y 5% 84713 IN825
: VR4 1902-3110 1] zener 5.9V 2% 28480
| VRS 1902-0575 1] zener 6.5Y 2% 28480
: W1l-3 7175-0057 3| Jjumpers wire 22 28480
Yl 0360-0586 L | cer resonutor 320KHZ 28480
06038-60022 A3 Front Panel Board 28480
cL,2 0l80-0374 2 | Fxd elect 10uf 10 20V 56289 1500106%X902082
c3-14 0160-5422 12} fxd cer 0.047uf 20% 50V 28480
DS1 -8 199u-0985 l | numeric display pack, B8-char |28480
059,10 |19%0-0835 9 { LED 2B48()
DS1l-16 |1990-0831 6 | LED
DS17-23 |1990-~0835 LED
- Gl 0960-0683 I | pulse generator
S Bl 129%1-8417 l 1 connector, post type lé-cant| 28480
— | 32,3 1251-8675 2 | connector, post bype 5-cont
Ll 2100-1618 L { coil 5.6ul 0% 28480 -
R1-58 0683-4715 58] Txd comp 470 5% 1/4W nll1zl coazls £
R59 2000-1775 1 } teme 5k 5% 1-turn top adj 284480 .
R60 0683-1015 L} fxd Film 100 5% 1/4W 01121 CBigLS
R6Ll,62 |18l0-0272 2 | tes network 10-S1P 330 x 9 g1121 2107531
R63 1810-12351 1 | res network B-S[P 2.2k x 7 0L121 208A222
52-5 5060-9456 % | switch, pushbutton 28480 .
Ul-10 1820-34353 L) IC SHF-RGIR [TL LS R-S 0l295 SNT4LSLGAN
serial-in PRL-out
ulil 1820-1975 1 [C SHF-RGIR TTL LS 01295 SNT74LSL69N
neg-cdyge-trig PiRL-in
ULz 1820-1112 1 | ICFF L5D-type pus-edue-trin 01299% SNT4L574AN
ul3, 14 JLB20-1216 2 | IC DCDR TTL LS 3-to-8 line 01295 SNT74LSLSBN -
uls 1B20-1433 [C SHF-RGIR TLL LS K-5 01295 SNTALSL64aN
serial-in PHL-out =
Ulé 1820-1197 1 | IC gate TIL L5 NAND quud J1295 SN74LSOUN
uL7 1820-1199 1L ] IC INY TIL LS hex 01295 LNTALS504N
" A4 Power Mesh Assembly £
Ccl 0l6n-5691 1 | Fxd met 0.47uF +10% 633V 28480
- c2 0160-5422 1 | fxd cer .047uF +20% 50V 28480 B
- C3,a NOT USED
. C5,6 0160-4960 2 | fxd film 2200pF +10% 1.6ky 56289 T15P222916L03 )
N c7 0180-0155 1 | fxd eleat 2.2uF +20% 20V 56289 1500225X0020Az _
—
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Table 6-4. Replaceahble Parts List {cont.)

Ref. HpP [Mfe.
Desig. |Part No. Tq | Description Code Mfe. Part No. -
ce 0160-0127 | 1 | fxd cer 1uF +20% 25V 28480 -
c9 0180-27480 1 Fxd elect 470uF +75-10% L&V [28480
clo 0L60-4834 1 fxd cer .047ufF +10% 10OV 28480
vll, 12 0L60-4B35 2 Fxd cer 0,1uF +10% 50V 28480
rLv3 0160-5022 L fxd poly 2200pf 10% 600Vac 284580
CRl-4 i701-0050 6 switehing 80V 260mA 28480 -
CR5,6 1901-1065 2 puwr rect 400V 1A 14936 INAD 36
CR7 leCl-0887 1 diode pwr rectifier 300V 5UA 28480
CRB,9 NOT USED
CR1O, 11 ]1901-0050 switching 80V 200mA 28480 _
CR12 NOT USED
CR13,14|1901-1UB7 2 pwr rect 600V 3A 04713 MRB56 i}
Fl,2 2110-0671 2 axiosl lead, 1/8A 248480
F3 2110-0447 1 fuse, 3A 28480
L1,2 NUT USED
L3 06024-80094 1 inductor, 3A 28480
L& {(06024-80097 ) inductor, 12A 28480
r 1251-8807 2 connector,DINtype 32-contF 28480
G.,2 1854-0477 2 NPN SI 04713 2N2222A
g3, s 1455-0547 2 PFET 20480 -
Q5 NUT USED )
a6 1854-1017 1 NPN Si 04713 IN3TLS
u7 1855-0549 1 PFET 28480
RL,2 0686-0275 2 fxd comp 2.7 5% L/2W 0l121 £Einz7s -
181 06835-3915 2 fxd comp 590 5% 1/4W 1Lzl ciizln
Ha N683-101L5 2 fxd comp LUN 5% 1/4W gll1z2i (WINUIN B
RS goB83-4705 2 fxd comp 47 9% L/4¥ Lzl Cdaing E__
Ré Ded 3-1045 2 fxd comp LUK 5% 1/8W oLtz21 cotuas _:_F
7 UBL1~-1857 2 Fxd ww 400 5% 5W 284480
"RB 0698-3601 3 Fxd met ox N 5% 2W 27167 Fra2-2-10u- 0RO
R9 ueB3-3915 fxd comp 390 &% 1/4W 28480 5
R11 negi-1015 fxd comp LUO 5% 1/aW oLL2t COLULS .
HIl 0683-4705 fxd comp 47 5% l/4¥W niiz2l CBs70Y
R12 Go83-1U45 Fxd comp LUDK 5% L/8W Dli2i LHLy45
RS 0811-1857 Fxd ww 400 5% oW 28480 .
R1a 0698-360) Fxd met ox 10 5% 2W 27167 FPg2-2~T00=-10RD] :
R15 0757-040) L Fxd Film 121 1% 1/8W 28546 CTa~-1/8-T0-1218-F £
Rl6 68 5-33U5 ] Fxd comp 53 5% L/4W 01121 Cy 5305 §
Ri7 U683-102% 1 Fxd comp lk 5% L/4W gLL2l CuLuzs i
R1b N6 l-0a7% 3 fad comp 4.7 9% 1/4W glizi cugaTy -
R19 0683-2025 i fxd comp 2k 5% 1/4W girtL2i Lu2u2y
R20 0683-0275 1 Fxd conp 2.7 9% 1/4v ull21 CHU275
R21,22 |06B3-0475 fxd comp 4.7 5% L/4W o2l Cuua7?y
R23 0685-2725 1 Fxd comp 2.7k 5% 1/4W 01121 cB2729
' Rt2a 0757-0476 1 fxd Film 301k 1% 1/8W 28480
R25 G686-3005 1 fxd comp 30 5% 1/2W ullzil EB300S
R26 0811-2994 1 <27 3% S5M 28480
R27 0698-~-3225 l fxu Film l.45k 1% 1/8W 24546 Crg-1/8-10~1431-F
R28 u757-0279 i Fxd Film 3.1l6k 1% 1/8W 24546 CT4-1/8-T0~3161-F
R29 0698-3159 1 fxd Film 26.1k 1% 1/8W 24546 CTa4-1/8-T0-2612-F
R3O0 t6v8~3202 1 fxd film 1.78k 1% L/0H 23546 CT4-1/8-T0-1741-F
R31 0698-40246 1 fxd Film 732 1% 1/BW 24546 CT4-1/8-T0-732R=-F
R32 0757-044% I Fxd Film 10k 1% 1/8W 24546 CT4-1/8-T0-~1002-F
R33 |0698-36ZP Fxd met 220 5% 2W 27167 FP42-2-100-10R0 )
=
="
it
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Table 6-4. Replacsable Parts List (cont.}

Ref HP Qty | Description Mfr MFr Part No
Desig Part No Code
K34 05698-14484 1 Fxd Film 19,1k 1% 1/8M 245646 | C14-1/6-T0~1912~F
R35,36 06685-3305 fFxd comp 33 5% 1/a&W 0L121] CB330%
R57 0683-3525 1 Fxd comp 3.3k 5% 1/4W OLL12)1f Ccuss2>
Ry 0757-0465 fxd Film 100k 1% L/BW 28480
R39 0683-1i05%5 i fxd comp LW 5% 1/4W 0L121] CBLUSS
TL,2 5080-19485 2 trunsfurmer, FLI driver 28480
T3 2100-4350 1 tronsformer, current 28480
Sl 3103-011a 1 switch, therma) 100 C 2844840
TP1-4 12%1-0¢46 4 contact connector, post typej] 28480
uL,2 1820-1050 2 IC DRYH TTL NOR dual 01295 SN754540P
ul 1826-03446 1 [C op amp GP dual 27014 LM358N
u4g 1826-U3%3 1 I1C voltange regulestor 1.2/37V ] 27014 LH3ILTT
poy

VR1 NUT USED
VR2 1902-3002 l zener 2.37v 5% 28480
VR3 1902-0057 1 Zen'r 6.49y 5% 28480
VRa 1902~-0575 1 zener 6.5V 2% 28480

h060-2832 A7 PSL Boacd 28484
cL,2 aL60-5469 4 Fxit Film luF +10% S0V 28480
Ci-5 0L60~4835 4 fxd cer 0.luF +10% 50V 28480
£7,8 D160-5422 21 Fxd cer .0470F +20% 50V 28480
C9-11 0lsD-4B01 4 Fxd cer 100pF +5% 10Oy 28480
Ll2-16 0l60-4807 6 Fxd cer 33pF +5% 100V 28480
C17 0160-a801 fxd cer LOOpF +5% lOOV 28480
cl8, 19 0laD-4820 2 fxd cer LB0O0pf +5% 100V 28480
C20- 272 0160-5422 Fxd cer 087uF +20% 50V 28480
23 NOT UsStD
C24-2Y9 N160-5422 6 Fxd cer..0687ul +20% 50V 28480
30 '10160-4832 1 fxd cer .0luF +10% 108DV 284809
C31 0160-5422 Fxd cer .047uf +20% 50V 28480
C3z2 0160-4807 . Fxd cer 33pF +5% louy 28480
033-37 0160-5622 fxd cer .047uF +20% 50V 28480
r3s,’9 0180-0116 2 Fxd elect 6.RuF +1U% 35V 56289 150D0685X%905502
c40 0l80-0374 1 Fxd elect 10uF +10 20V 56289 ] 15001046%X9020082
C41-43 0160-5422 fxd cer .047uF +20% 50V 28480
Cad,45 0160-5448Y9 Fxd film +10Q0% 50V 20480
Caé N160-5422 fxd cer Q470F 220 50V 28480
CR1 190 1-0050 1 switching 80V 200mA 2480
Jl-35 1251-8417 3 connector, pnst type,16 cont | 28480
J 1251-5240 1 conrector, post type,20 cunt | 280480
Rl,?2 0698-3558 8 Fxd film 4.02k 1% 1/8% 24506 CTA-1B-T0-4021-F
R3-5 G685-1015% 3 fxd comp 100 5% l/aW OL121| CBiOLs
R& 06B3-1025 4 fvd comp 1k 5% 1/ 4W neLzil csinzs
R7 U685-~-2225 [ Fxd comp 2.2x %% L/4W 0l1121§ 82229
RB-10 0683-3215 4 fxd comp 390 5% L/4W Oil2L] CU391Y
Ll 0685-2715 1 fxd comp 2710 5% 1/4w uliz2l ] cB2715
R12 0683-3215 Fxd comp 390 5% 1/4W 0l121 | Ccus919
RL3 0683-2015 2 fxd comp 200 5% 1/4W uL12L | ¢cs201s
Ria 0683-1025 fFxd comp lk %% [/4W niLl2l fcotnzs
RIS N635-2019 Exd comp 2010 5% 1/4W nLtzil coznts
Rls U6Y3-..25 Fxd comp 2.2k 5% 1/4W DLL2) | Cu2229
R17 Q757-2123 11 fxd Film 3a.8k 1% 1/8W 28480
R1B U757-04a43 1 fxd Film Llk 1% L/8W 24546 | CT4-1/8-T0-1102-F
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Teble 6-4. Replaceabla Perts List {cont.}

Ref. HP Mfr.

Desig. | Part No. 1Q| Description Code Mfr. Part No.

Rl U757-0452 1 Fxd Film 27.4K 1% 1/8% 245404 Cig-1/8-T0-4742-F
R20 0757-0288 L| Fxd Film 9.09k 1% 1/8W 19701 MF4CL/B8~T0D=-20v1F
21,22 [1683-3515% 2 txd comp 230 5% 1/aw niLz2l WIRB N

23 B757-0516 5 Cxd Film 42.2 1% 1/4¥ 26546 CT4-1/8-10-42R2-F
R24 16U -tod 2 b Fxd Cilm Lk 0.1% (). W 24481

29 0699 =131159 S fag Fidm 9k D.1% 4. lW A

R26 1797-ualjl a1 rxd Film 100 1% 1/8W 28000 Cra-1/8-10-101-F
w27 1698-6 5300 S fxd Film [0k Doty L/6W 2uant

ity HIH7-04857 2| fad Film 47.%k 1% 1/78W 1470 CTa4-1/8-T0-4752-F
it27 2100-3393 5] tewr 20k 10% leturn side aajldanl

it 50 oty -6 520 y ] txd Fridm %k 0.1% [78u EEIE PHE s LRI
K3l U7%7-14uuy 50 fed Film 20.% 1% L/8W 24586 CT4-1/8-T0-90R9-F
032,535 |u7s7-046010 Fxd film L0 L% 1/8W 249540 CT4-1/8-T0~101-F
RS54 y797-05146 fxd Film 42,2 1% 1/8Y 24546 CT4-1/8-T0-42R"-F
R3Y N6992=-0682 Fxd Film 10k O.1% 0.1W 2844810

Rio Uov?-0us9 fxd film 5k 0.1% 0.1W 284480

R37 0N757-0460 fxd Film 10U Y% 1/60M 24546 CT4-1/8-T0-101-F
R3g edB-6%al fxd Filwm LUk O.1% /84 28440

K39 u757-0270 1| fxd Film 249k }% L/BW 24546 CTa-1/8~7T0-2493-F
Ran 2100-35353 teme 200k 10% l=-turn side adj|28480

R4l N6Y8-6520 Fxd Frlm Sk 0.1% 1/8W oiuys PHESDL/8T9500118
Ra? U757-0400 fxd film 90.9 1% 1/78% 24586 | CTa-1/8-TO-90R9-F
R4 3 0757-0401 fxd Film LCO 1% 1/BW 24546 | CT4-1/8-T0-101-F
Ray UaB5-22295 fxd comp 2.2k 5% L/4W oLL2l | €82225

Ra59 07%7-0516 txd Film 42.2 1'% 1/BW 24546 | CTa-1/B-TO-42R2-F
K46 U699 -0647 1 fxd Film LOK 9.1%, 0.1W 28480

47 Ue29-005 Fxd Film 5k 0.1% U.IW 20480

48 0757-0401 Fxd Film LOOD 1% 1/8W 2454846 | CTA~)/B-T0-101-F
R49 t698-6360 “xd Film 10k 0O.1% 1/8W 28480

50 U757-045%7 vxd FELm 67.5k L% 1/8W 19701 | CT4-1/8-7T0-4752F
R51 21003353 teme 20k 10% l-turn side adji28480

Rs?2 U698-0520 Fxd film Sk U.1% 1/8BW 3igue | PMESS51/B8T950018
RS s 0757 -0400 Fxd film 90.9 1% L/BW 24546 |CT4-~1/8-10-90R9-F
R54 HeY3-2225 fxd comp 2.2k 5% 1/4aW gLizl jcB222s

RS55 l00-57352 3 ) temr 500 10% l17-turnsidendj |28480 | 284810

H56 Ne9d-3156 4 Fxd Film 14.7k L% L1/8W 245866 | CT4-1/B-TQ0=1472-F
ns7 V6B V=-2225 fxd comp 2.2k 5% 1/4W 01121 | rB2225

R56 2100-3732 temre 500 0% L7-turnside udj | 28480

R5Y 0698-~3156 fxd film 14.7k 1% 1/BW 24546 | CT4~1/8-TO-1472-F
R60 NUT USED

R61l 2100-3732 trmr 500 0% l7-turnsideodj 28480

R62 0698-31586 Fxd Film l4.7k 1% 1/8W 24546 Cia-1/8-10-1472-F
R67 0757-0451 1 | txd Film 24.3k 1% 1/BW 24546 | CT4-1/8-T0-2432~F
R68 0757-01v9 1 fxd Film 21.5k 1% 1/BW 24546 | Cla-1/B-T0=~2152-F
R69 0698-~3156 fxd Film 14.7k 1% 1/8BW 24546 | CT4-1/8-70-1472-F
R70-74 {0698-3558 Fxd Film 4.02k 1% 1/8W 24546 | CT4-1/8-10-4021-F
R75 2100~3273 1 Jtemr 2k LO0% l-turn side adj (28480

R76,77 NUT USLED

R78,79 J06B3-1U025 fxd comp lk 5% L/aW gLLz21 LB1025

R8O 0683-2229 Fxd comp 2.2k 5% 1/4W 01121 £82225

R8l,B2 NOT USED

R83,84 jU698-3455 2 1 fxd Film 261k 1% 1/8W 24546 [ ETA4-1/B-T0-2613-F
R85 0757-0280 1 Ffxd Film lk 1% 1/8W 24546 | CTA4-1/B-F0-~1001-F
R86 1810-0284 1 | res network 10-5IP 10K x 9 01121 210A103
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Tablo G-4. Replaceable Parts List (cont.)
Ref,. ip \ Mfr.
Desig. [Pact No. TQ | Description b {Code Mfr. Part No.
R87 18ld-0z1t1 I |res network B-5iP 2.2k x 7 56289 256CHZ2ZN 1PD
Hyl HeBs-10355 1 fFxd comp. (UK 55 1/44 oLzl COLG35S
51 3101-2371 i |switeh, slide assy. 28480
TPl-6 |0360-0124 6 | conpnector single contuct 28480
ui,2 NOT USED !
U3i-s 1990-0602 4 | 1C opto~-inolator 28481
uz,8 1990-04948 2| IC opto~isolator 28480
u9 1820-1298 L] iC BUXR/dnta-sel «IL LS a1z95 UNTALS25LN
2-to=! line . .
Hio LH20-975 4 | 1C SHF-RGTR TIL LS }1295 ShT4La1A5N
neg-vdge=-trig Phki-in
utl fH28-~1440 Il fIC LCH ITTL LS quau 0l295 SN74L5279N
ulz2 [82U0~1275 1€ SOF-RGIR TIL LY 01295 5N74H5[65N
neg-vdge-trig PPL-1In
ulj L1028-1455 L iC fF=RGIR TTL 1Y K-S 01295 SN74L5164N
serianl-in PRL-ourn
Ulg LB20-1197 L JIC gate TTL £5 NAND qund 01295 SN74LSOUN
Uls Ly20-1416 L] IC sehmitt-trig TTL LS 012945 SNT4LG1AN
LYY hex :
Ute, 17 flu20-1216 2 FLC pehr TIL L3 S-tu-8 line 01295 GNT7aL 5L SUN
Uiy I820-1492 L JIC BFR TTL L5 ENY hex lut2ys SNIALS 56BAN
ULd-21 [1820-1662 & FI0 SHE-RETR CMUS L5859 CHs094BE
serlal-in PRL-0ut
122,25 J1826-1158 ¢ | 1e pac ‘
U25-27 1182¢-0495 7 [iC op wap L-bias Heimpd a8713 HLMSOBAR L
uz2p L420-"1662 IC SHF-RLIR CHMUY LS55 | Lbaggsul
serial-tn PRL-out i
29 L820-17350 L IC FE TFL LS D-typ. 1295 b SNT41L5273N
pos-cdae-trig cam
U0 l826-1493 IC op amp L-oias H-impid )a713 HiL B 30HAP ]
Ui lH26-1154 IC vac .
U2, 55 [1d26=-0675 LC up amp Le=biat H-impd netil HEMSUBAPL
i3ia L42a-11161 | LE ap omp LP Quetd yaril M s24p
ss L826-0094 L 'C cuompurator PRULN 27014 § LB2LLH
Usn Pe2u-1721 11 e RuTiE CHGS 4715 HULaS 491300
37 ladn-1722 1 [ RGIE MUY a7yls MU L4%5940P
usy, 59 |1d20-1v75 [ SHF-RUTR JHL LS DI29Y SNTALGLADN
j neg-edye-trig PRL-in
41 L6 -11609 | L mutip,exer analoy salteh JUo6as HUNDIHE G
Ua I826-Un})2 1 IC conparator PREN dual 27LEA LHEDSN
ua? NOT LD
Uns IM26-0416 EofLle LUV voltaye reference 27014 LU 7y~ 118
5060-~2851 A8 HP-IB Board 28480
Cly2 NUT i1
ity Jleu-4413)H 7 P fxd cer UolaF p1J% 50Y 23400
L2 1180G-3425% 1 fad ewlect 3400ul 28480
21 JL6H-U1 %4 Lo TExa puiy 2200pF +10% 200y 28681
.22 Jtet -6y 5 i Fad cer W0220F +10% [UDY 28440
23 JHan-a48%> Fxd coer Uolaf 3+10% 54V 284 131)
L2a Flo-al 2 1 Fad cer JLuF 4+ 10% 10Uy 284a41)
25,26 fH1e0-5094 2 fxd cer U.220F +1U0% 50V 28430 ,
]
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Table 6-4. Rapiaceable Parts List (cont.)

ReF., '"HP MFfs. )
’ Desig. | Part No. T} Description Code Mfr. Part No.
c27 018-3424 1 1 | fud elect 2020UuF +7%-10% LOV] 28480
28 Uidu-0a0b l Fed wiacl 1.Buf +LU% 20V Y6249 120D 1Y% 202042
P 129 A1L80-N116 1 Fxd elect 6.8ub +L0% 3Ly 262489 LUD6Y 5y 23582
: CiU=-36] U160~8835 Fxd eer 0.LuF +10% 50V 28480 !
Cis5 nigo-0374 1 Fxd elect LOuF »lU 20V 562489 LSUb luax202042
CI6-39) Uulsl-4835 Fxd cuer 0.1uf +10% 50V 28410
‘ Lao N160~564.2 1 | fxd cer U47ufF +20% 50V 28441
! Cali,a2] 016U-~-4835 Fxit cer Q. 1uF +10% 50V 286480
CRi,2 [$01-0759 2 pwe rect 600V JA 14936 INS4U6
RS 'Tol9nl-09vz) 1 pewr rect 40V 30 28480 ‘
Lia 190 -0u5n ! switehing Buvy 2i}0mA 28410
£il 1990-0998 1 LED 28480
a1 12514927 2 connector, post type 28480
J2 1251-538" I connector, J-pin M post type| 20430
J3 1351 -4927 onnector, post type 28440
Ja L251-716z ¥ sonnector, 24-pin F 28450
J5 1200-0940 | 1 | socket, multi-contact 28480
Jé 12NU=1)a0? 3 socket, 1L la-contact 1284480
J7 . 1251-~8417 1 connector, post type 28484
(Y U6023-80090F L1:]| blas choke 28480 ’
i L853-0012 1 PNP 5] QL2295 ZN2914A
02 1854-0635% L | NPN 51 28480
, 115 LusSa-0u2s3 1 NPN 51 284840
' Rl1-5% B685~6715 ) 5 fxd comp 670 5% 1/44 aLiz2t CBa7ls
Ré ‘ ‘ NUT USED
R7,8 0683-4725 | 8 | fxd comp 4.7k 5% 1/4W nilzi CB4725
i R9«11 {06B3-1515 f Fxd comp 150 5% L1/aW olLL2l CB1sLY
- R12-18 |1N685-4725 fxd comp 4.7k 5% L/4W 0lL21 CB4725
R15 0757-0401 L fxd film 100 1% 1/8W 24546 LT4-1/8-T0~101-F
. Rlé 0583-4725 Yad comp 4.7k 5% 1/4W o112l Cga725
RL7 a ,NUT U3RLED
R14 0698-6076 ] fxd film 39k 1% 1/8M 24544 CT4-1/8-TD-3902-F
o9 0757-0280 | .1 fxd film 1k 1% 1/8W 24546 CTa-1/8-10-100L-F
K20 ' NOT USED
R21 0698-4121 i Fxd film li1.3k 1% 1/8M 24546 CT4-1/8-T0-1132-F
R22 0683-1515 t fxd comp 150 5% 1/4W Qlizl CBLl515
23,24 |0646~621% } 2 |'fxd comp 620 5% i/2W 01121 EB6515
R25 ~ 10683-1005 2 fx¢ comp 10 5% 1/aM oLiz2l £B81005
' R26 0686..2005 | 1 Fxs cump 20 5% 1/2W oLzl £82005 ,
R27 0757-0434 1 |} fxd Film 2.65k 1% L1/8W 28546 CTa-1/8-10-3651-F
R28 0757-0442 4 '} fxd film 10k 1% 1/8W 24546 CT4-1/8-10-1002~F
R29,30 ]0757-0283 | 2 fxd Film 2k 1% 1/B8W 24546 CTa-1/8-70-2001-F
R31,32 j06d6~1315 2 Fxd comp 130 5% 1/2M gllzl EB1315
R33 081i-1826 1 Fxd ww .05 10% 3W 28480
R34 . |0s03-1535 | 1 fxd comp 15k 5% 1/4W 0il21 | CB1535
R35 0598-4479 1 fxd Film lak 1'% 1,/8W 24546 Cla-1/8-T0-1402-F
R3é 074%7-04h2 fxd Film LOk L% 1/8W 24546 CT4-1/8-T0-1002-F
R37 W757-0465 3 fxd film 10Dk 1% 1/8W 24546 CT4-1/8-10-1003-F
R38 0757-0%42 Fxd Film 10k 1% 1/BW 24546 CT4-%/8-10-1002-F
R39 . 0757-u84é 1 fxd film 15k 1% 1/BW 24546 CTa-1/8-T0-1502-F
R40 066£3-1055 1 fxd comp IM 5% 1/4W 0Liz) CBi055
Ral 0757-0442 Fxd Film 10k 1% 1/8W 24546 CT4-1/8-T0-1002-F
1), R42 6683-4725 Fxd comp 4.7k 5% 1/4W nlizi1 C54725
‘R4 3 0757-0437 ] Fxd Film 4.75k 1% 1/8W 19701 CTa-1/B8-TO0~8751~F
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Tah!e 6-4. Replaceable Parts List {cont.]

Ref HP ity | Description Mfr MFr Part No
Cesiy Purt No Code
Ras 0633-4725 fxd comp 4.7k 5% l/4# ori2l CB4a725
R45 0683-1005 fxd comp L0 5% 1/4W ollzl CBlo05
Ra6 1§10-0279 3 res network 10-5IP 4.7 x 9 oLiz2it 210A472
‘51 3i01-2097 1 ewitch, 6~-1A sliace aasy 28480
52 3101-2372 1 switch, 5-1A slide ussy 848U
Ul 1872G-3431 1 IC RCYR TTL LS bus octal 27014 DS 751 60AN
U2 1820-3513 i IC RCVR 7TL L5 bus octal 27014 DST75161AN
U3 1820-2549 i [C 8291A HPLU 28480
ua 0960-0464 1 I erystal oscillutor 28480
U5 1820-1199 1 7] 1C INY TiL LS bex 01295 ONTALS04N
ve6,7 18168-0443 2 | [C NMUS 4k stut ruanm 50545 urp2liaLc-t
ua 1818-3386 1 IC MASKED ROM 28480
us NUT USED
TRRY] 1820-2490 1 IC MPU Supporl Chip
Uit 1820-12448 i [C gate TTL LS OR quad 01295 SNT74L5 352N
ULz, 13 1820-1216 2 IC bubn FIL LY 3-td-B Line L1295 SNT74L5158N
J1la, 15 1820~-2024 2 IC DRVR TTL LS line DRYR octlf 0l299 GN7ILL 244N
Ule LB20-17 3510 1 IC FF TIL LS fD-type nL29s SNTLLL273N
pos-edge-trig com
'y lg20-093"% 1 10 CIR CHULY BIN ncu-udgu-triglsLsu5 Chaug2uil
Uyl t820-:112 l IL FFE LY D=type pos~eidye-trigl n1z2ys SNTALY TAAN
U9 ib20-1997 1 [ FF TIL LS D=-type 0129% ONTaLS 374N
. . pubd-udigu=-triy PRL-1n
u2u ly20-1443 t fC UNTH O THL LY BIN asynchry HLZ9Y ONTALG29 5N
321 1320-1428 1 U Nuxt/data=-sel FILLS HL29% DNTAL LN
2=to~1 Line jquuad .
uz22 L820=-1i497 ! 1C gate 1L LY NAND quud EVEN GNTALSHUN
U3 142=-1975 i IC SHF<KGIR. 7L LS 1329 ANTALLLahN
nuegemijge=triy PRL-in
Uz2a 1820-19487 L IC SHE-KRLTH TIL LY con NL29h aNTALL 29N
clear stor 8-bit
25 15200-1491 l FC UFR TIL LS oon=-LNY he- uL2un DNTAL G YT AN
uzé L20-1201 l 1L gute TIL LS AND quaug iHL2y DNTALOEN
u27 1820-1416 | 1 [IC sebhmitt-teig TIL LS BE29% | ONTALYS 14N
1q:] 1826-U428 L IC modulotor Ui299 5G3524)
uz29 1826-0544 1 JIC 2.5V voltage reference 04713 MCLaO0 3
u3g 1825-0412 l € compuarator PRCN dual 27014 LM39 5N
YR1 1902-0575% 1 zeper 6.5Y 2% 28480
Wi-3 7175-0057 5 wire, 22 AWG 28400
Wa 1251-4787 | ' |shunt, DIP B-position 28480
W5 1258-01489 I connector, jumper 28480
Wé6,7 7175-0057 wire, 22 AWG 28480
XS1 1200-0485 1 ]socket, IC la4-contact 28480
Chassis Electrical
3160-0345 1 fan, axial tube 28480
9155-0223 1 line fFilter, I[EC 28480
2110-0383 l fuse HA 250V 75915 312006
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Ref HP Qty] Description Mfr Hfr Puct ho
Desigq Purt No Code
Cabling

= Wl B120-4355 1 Ribbon Cable, (Connccts AB 28480
= und AS Bonrds)

2 W2 8120-4352 1 Ribbon fauble, (Connects Al

= and A8 Boards) 28480
= W3 8120-4351 11 } Wire Coble (Connects Al 28430
at and A8 Boards)
— Wa 8120-4354 1 Ribbon Cable {(Connects A7 28480
- und A8 Boards)

= W5,6 8120-4356 2 Ribbon Cable, (Connects A2 28480
- and A7 Boards)
:_:_ Al Bourd Mechanical Party

)
_ 1251-0600 4 | single contact connector 28480
: {(Ref.Fan}
wE 1251-5613 2 single centact connector 28480
=2 1480-0552 1 pin, escutcheon (Ref. L1) 28480
= 2110-026Y 2 fuscholder, elip type (Ref. 28440
. F2)
=5 0360-2150 2 Jumper, barrier block 28480
. {ref. ALTBL)

— AlTB1 0360-1833 1 berrier block 6 pos. 28450
j A2 Board Mechunical Parts

\

= L200-0485 l socket, IC lé-cuntuct (Reft, 28480
= St

- 1205-0282 5 heatsink {(Ref. Q2, UL5, Ule) | 28480
—= 1531-0309 2 clevis (A2 Board, Tapped Cuved 28430
B Mount )

} AZTBL U360-2195 1 barrcier block 28480
= 1200-0181 | 1 [nsolutor, (Ref. Q&) 28480
__é Al Board Mechanical Purtn

E 8060-1615 | 15 | STOF LED (Ref 059-25) 24480
:é A4 Boord Mechunical Puarts

— 1205-025%6 | 2 |[heatsink (Ref. 43, 4a) 28480
= 12u5-0282 I lheatsink (Ref. 07) 28480
— 6023-20001] t  |[heatsink (Ref. CR7) 2848y
- jos80-1679 4 |stondoft, hex (Ref. (3, 14) 2Bayu
= 15531-03509 } [Clevis (A4 Ooard Tapped Cover| 28480
= Mount )}

-

= AB Bourd Mechonical Parts

-— JI30-1332 2 HP-IB conn-ctur wmounting 28480

(Ref. JaA, 380

= 1200-0181 1 insulutor (Ref. Q1) 28480
= 1205-0282 | 1 { nheatsink (Ref. 42) 28480
' 6-16
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Table 6-4. Replaceable Parts List (cont.)




Teble 6-4, Replaceable Parts Liat {cont.)

www.valuetronics.com

Ref HP Qty] Descriptran Hfp Hfr Part No
Desig Part No Code
Chassis Hechaniral Parts

037U-1303 1 | knob, base 28480
0403-0282 6 | bumper feet 248480
1% 9-0044 l | binding pnst, single 28480

2. 10-0564 1 | Fuscholder body HY127 U3l.1657
2L10-0565 L | fus-holder cap 28480
2110-0569 1 | Fuscholder nut 28480
Jleu-03u9 1 ] finger guord 24480
4940-1954 I fwindow, Jisplay 28480
2001-04640 2 |teim, side 28480
5020-8817 1 { frame front 28410
5080-7201 4 | foot 28480
5040-7203 l }strip, top trim 20480
504U0-7219 L | retainer, strap . andle 284480
5040-7220 L | eetainer, strap handle 28480
2041 -0354y 3 | key cup, quarter 284481
5041-2089 ! {key, aguarter 28440
506U0-940 3 l Jassembly, hundle strap 28480
7120-1254 1 | nameplate 284810
B120-4383 I Jcuble nsnsembly 28480
A6023-00001 1 fchassis 284480
06U23-00082] 1 feover, tap 28480
)6023-00003 1 leover, botton 28400
1602 5-00004) L |bracket, upper 284480
N6023-00009F L [cover, bur block 281810
6025-0001L 1 |rear panel, scroewned 28480
06033-00004 1 |panel, subFrnt 28480
16033-00002] | |bracket, lower 28480
JGU33-00Uusl 1 fplate, HP-IH 28481
06038-00001fF 1 |frnt psnel screened Y8481
16038~90001) 1 |opereting and service manual | 28440
03di-1409 I Isnap-in spacer 28440

617
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SECTION ViI
COMPONENT LOCATION ILLUSTRATIONS AND CIRCUIT DIAGRAMS

7-1 This section cortsins component location diagrams, c.  Schematic diagrams (Figures 7-8 through 7-11). Logic
schematics, and other drawings useful for maintenance of the symbols used on the schematics are described in Ap-

Z pawer supply, Included in this section are: pendix B,

ks |

= a.  Component locatian illustrations (Figures 7-1 through

= 7-71, showing the physical location and reference ;

3 designatars of almost all electrical parts. i(Companents AC line valtage is present on the Al Main Board

3 located an the rear pane! are easily identified.) Assembly whenever the power cord is connected

& b.  Notes (Table 7-1) that apply to all schematic diagrams . to an ac power source.

=@

B 7-1
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Table 7-1. Schematic Diagram Notes

! I denotes front-panel marking.

™7

‘____Jdeno:es rear-panel marking.

. Complete reference designatar consists of component reference designator prefixed with assembly number fe.g.: AZR14).

. Resistor values are in ohms. Unless otherwlise noted, resistors are either 1/4 W, 5% or 1/8 W, 1%, Parts list provides power

rating and tolerance for all resistors.

. Urless otherwise noted, capacitor values are in micrafarads.

. Square p.c. pads indicate one of the following:

a. pin 1 of an integrated circuit.
b. the cathode of a diode or emitter of a transistor,
c. the positive end of & polarized capacitor.

. In schematic symbals drawn to show right-to-left signal flow, blocks of information are still read left to right. For example:

left to right right to left
T o~
21 2t
i ey ¢sr+d "
— —
L L

— indicates shift away from control block {noimally down and to right}, =+— indicates shift toward control black {nor-
mally up and to left).

.3 indicates multiple paths represented by only one line. Reference designators with pin numbers in-
El !‘ !5 dicate destination, or signal names identify individual paths. Numbers indicate number of paths

represented by the line,
3 H ?

. inter-board commons have letter identifications {e.qg.: V J; commons existing on a single asse.nbly have number iden-

titications {e.g.: W ).

10.For single in-line resistor packages, pin 1 Is marked with a dot. For dual in-line Integrated circuit packages, pin 1 is either

marked with a ¢ t, or pin 1 Is tc the left (as viewed from top) af indentation at end of integrated circuit package, e.g.:

T E

]



Table 7-1. Schematic Diagram Notes [cont.}

’ Pin lecations for other semi-conductors are shawn below;
P VIEW TOP VIEW CO,;EE" 5 O ? q O ¢
A2Q4 A-ADJUST
A4Q 0-QUTPUT
Adah i GO tineur
ABGI Gbs BcCE AQI
ABQ2 A4Q7 A2Q3 AZUs
ABQ2 A2iH2
TOP VIEW AdU4
A4Q3 A205
A4Q4 ABQ3
CATHODES ——
1
' -— ANOOE
a
ATU3s
ATU 35 LED
ABDSH
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Figure 7-1.
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\ Power Mesh/Contral Board Schamatic Notes

1. L'a voltage select switch 52 is shown set for 120 Vae Input, Jumper WG
O is shown set far 100 Vac or 120 Vac input,

2. MODE switches are shown set far front-panel/HP-IB aperation.
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Figura 7-8. Power Mesh and Control Board Schematic Diagram
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HP-iB Board Schematic Notes

1. Switch S2 sections are shown set for normal operation:
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2. Free-run jumper W4 and Diagnaostic jumper W6 are shown set far normal
- operation.

3. Signal names followed by a prime symbol (e g.: R/W’) have been process-
— ed by circuits subsequent to the generation of the ariginal signal.

i 4. Digital integrated circuit Vce and Gnd cannections are as tollows:
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Figure 7-9. HP-IB Board Schematic Diagram
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PSI Baprd Sunamaetic Notes

t. Identification switch S1 secl.ons are set as follows

A 8 C n E F 6 H
dosed for 120, 220, cosed closed cdosed cused closed open  closed
or 240 Vac; open
for Option 100
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2. Digital integrated circuit Vec and Gnd connections are as follows:
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Frcnt Panel Boesd Schematic Notas

1. Digital integrated circult Vee and Gnd connections are as fallows:
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Appendix A
100 Vac INPUT POWER OPTION 100

A-1

GENERAL INFORMATION
A-2 Deschption
A-3 Qption 100 Is a madification of HP 6038A thot Involves

changing a resistor in the AZ QVP circit, recalibrating the supp-
ly, and changing the Front Panal, These changes aliow the unit
to operate at a lcwer line voltage of 87 to 106 Vac, whila
oparating an the sume ling frequency of 42 to 63 Hz, The reduc-
ed Input voltage limits the output power to 160 W and the out-
put voitage from 0 to B0 V, whily retaining the standard unit's
output current rating, Gther specifications that change due to
Option 100 include Programming Respanse Time, Qvervoltage
Protection and Remote Analag Programming.

A-4 Scope of Appendix A

A6 This appendix contsins all the Information necessary
to support HP 6038A powar supplies that are equipped with
Jption 100, The appendix describes only the changes pertain-
ing to Option 100 and how they affact the other portions of
this manual. Unless otherwise specified in Appendix A, all ather
partions of the manual apply to both the standard enit and the
Option 106 unit,

A-6 Suggestions for Using Appendix A

A-7 The Option 100 changes are listed sequentially,
starting with Sectlon | in the main body of the manual and wark-
ing back through Section VII. It is recommended that the user
mark &i) the necesaary changes directly into his manual, Thls
will update the manual for Option 100 and eliminate the naed
for constant reterrals back to Appendix A,

A-8 Section | Manual Changes

A9 In paragraph 1-4 change the output power fro.n 200
watts to 150 watts,

A-10  Specifications Changes

A-11 Table A-1 provides all the specifications changes for
Option 100, Specifleation notlisted In Table A-1 are the same
as thasa in the maln specifications Table 1-1.

www.valuetronics.com

A-1

A-12  INSTALLATION
A-13  Section [l Manual Changes
A-14  Line Voltage Option Convarsion, In paragraph

2-26, b; the line Voltage Select Switch, A1S2 [s preset st the
factory for 100 V operation. In paragraph 2-26, ¢; jumper AIWS
Is already connected at the factary for 100 V aparatlon, In
paragraph 2-26, d; An BA fuse is already Installed and can be
used for 100 volt operation, It is possible to canvert the Option
100 unit to other line valtages by following the directions in
paragraph 2-26, but the unit will maintain its derated 160 W,
50 V output,

WARNING

No attempt should be made by the user to uprate
the Option .JO unit above [t calibrated output
voitage and power limits. To wa so could result in
severe damage to the unit and a fire hazard,

A-16 OPERATING INSTRUCTIONS

A-16  Section Il Manual Changes

A-17 in poregraph 3-17, ¢; change 66 +2 V to
64V +t14 V.

A-18  In parag':.h 3-32 change 65 volts to B4 volts,
A-19 In paragraph 3-66 change 2ero to b valts to 0 to 4,167
volts,

A-20  In Table 3-7, under Range or Respaonse to Query, in

the 15t box change 0 - 61,426 V to 0 - 51.495 V also change
0-61426 MV to 0 - 61495 MV, Make this same change in the
6th box of the same calumn. The initial condition of VMAX is
51.495 /.

A-21 In paragraph 3-196 change the second sentence to
read: Resistances of 0 to 3.333 kilohms program the ou*-
put voltage froin 0 to full scale,




Table A-1, Specifications and Supplemental Charactoristics

Input Current: Qutput Boundary Specification
850 VA Maximum Voitage Cumrsat  Power Careit  Voltsge  Pownr
326 W Maximum at 150 W output, v m W) W L] W)

DC Output: Voltage an:l current can be programmed

via HP-IB or front panel cantrol over the fallowing 15 10 160 4 L1l in

ranges: il 85 170 ] u m
. 15 1815 6 n 198

Valtage: 0 - 60 V Current: 0 - 10 A, See graph and u 6.5 185 i i} 196

Table for maximum output power, ‘ ] &7 1995 ] n 11}
40 5 200 ] 19 n
45 43 194 10 16 150
50 37 185

Ovarvoltage Protection: Trip voltage adjustabla via
front panal control.

Range: 0-B4 V
Resolution: 100 mv
Accuracy: 0.256% + 300 mV (Set using
DISPLAY OVP function}
TC: 100 ppm +6 mV/4C

Minimum satting above output voltage to avald nuisance
Prograrnming Response Time: Maximum tme for tripping Is 1.6 V.
output voltage to change from0to 50 VaorB0 Vo 2 V
and settle within 16 mV of final value,

" Remote Analog Programming (26 $5°C)
hll Inad ight load  robosd
18 ohms 400 ohms

Up 0-B0V 25 ms 5 m 25 ms Resistance programming: 0o 3.33 k provides 2ero to
' maximum rated output voltage, The resulting scale fac-
Down: 80-2V 400 ms 730 ms 1500 ms tar Is 66.67 chm/volt or 1 chm/LSB, The current scale

factor remains the same as the standard unit.
Tynical programming response tme data for changes

other than full ycale excursions:

full loar) ightfoed 1o load Voltage programming: 0 to 4,167 V provides zero to
18 obns 400 ohms B0 V. The current scale factor is the s3me as the stan-
dard unit.
U 0-BOV 155 ms 120 ms 10 ms
0-3YV 120 ms 100 ms 100 ms
n.-5%V 128 ms 100 ms 100 ms
Voltage end Current Monitor Outputs {26 +6°C)
Gown: 3.2V 150 ms 400 ms 850 ms 0 1o 4.167 \ output indicates zero to maximum rated out-
-1V 130 ms 20 ms 30 ms put voltage. Current monitor output scalc factor remalns
-3V 160 ms 30 ms 500 ms the same as the standard unit,
A2
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A-22  In paragraph 3-198 changae the sacond sontence to
read: A voltage of 0 to 4,167 volts programs the cutput
voltage from tero to full scals,

A-23  In parsgraph 3-203 change 0 to 4000 ohms ta 0 to
3.3 k ahms.
A-24  In Figure 3-9 change the programming Resistor o

0—3,33 kN2 {CV}, 04 k {CC),

A-26  [n paragraph 3-204 change 0 to 6 volta to 0 to 4,167
volts,
A-26  In Figure 3-10 change VOLTAGE SQURCE 1o

0—9=4,167 Vdc.

A-27  InFigure 3-11 change the Program Voltage E >6 Vdc
to E> 4,167 Vde,

A28  Inparagroph 3-212 change 0 to 60 Vdc to 0 - B0 Vde,

A-29 PRINCIPLES OF OPERATION
A30 Sectlon IV Manusl Changes

A3 In paragraph 4-124 change 6 Vdc to 4,167 Vdc.
A-32  Inparagraph 4-136 wherever 200 watts I3 mention-
ed change to 160 watts,

A-33 MAINTENANCE
A-34

A-36  InTable 5-3 change under the heading, Cormect Value
and Tolerance, 60,0076V +1.82 mV to 60.0i76 V £ 1.62 mV,
6.000626 V + 100 .V to 4,168126 V + B0uV, and Toggles
betwean 60 V and 60.016 V to Toggles betwesn 53,01 V
and 50.025 V.

Section V Manual Changes

A-36  In paragraphs 6-14 and 5-13, b; change VSET 60 to
VSET B0,
A-37  In paragraph 5-20, e; change VSET 23 to VSET

21, For step d; chenge 10 eamperes to 9.2 ampares. For step
g; change 23+ .06 volts to 22+ 0.5 volts.

A-38  Inparagraph 6-32, g; change VSET 60 V to VSET
60 V, h; change 69.93% &~ &0.061 to 49,9375 and 50.062t .

A3

A-39 In paragraph 6-34, d; change 60.0 Vdc to 0 Vde,
I; change +0.063 Vdc to +.007 Vde.

A-40  In paragraph 6-4Z, d; change €0,0 Vdc to 50 Vdec,
j: change 120 V 1o 110 V.

A-41 In paragraph 6-44, ¢; change 60,0 Vdc to 60 Vo ¢
change .014 V to .012 V,

A-42  in paragrant 6-47, ¢ change VSET 60 to VSET O,
g; change VSEY 60 to VSET B0,

A-43 in paragraph 5-48, d; change 60 Vdc to B0 Vdc,
A-44 in paragraph 5-49, e; change 20 Vdc to 16 Vdc.
A-46  In Table b-6, step {4) under SETUP, chanos 60 volts

1o 60 volts and under MEASUREMENT changa 5V to 4 167 V,

A-46 In Table 6-8, Pin #9, change 0 to 6V to 0 to 4.16626
V, Pin #17 change 0 ta 6 V 10 0 to 4.16625 V, Pin #20, change
=10V to -B8,3725V, Pin #5, change 0to 5V to 0 to 4. 16626 V,

A-4? ° In Table 6-9, Block #A7-5, outputs A7)4-5 chang-
ed 0% . 50 Vand under MEASUREMENT change, =5 V to
= 4,15626 V; under QUTPUTS NODE A7 U26/6 change 60 V
to 60 V and under MEASUREMENT change « —1i0 V to
~ ~8.3326 V Unager QUTPUT NODE A7 U27/6, charge 69
V to B) V and under MEASUREMENT change =B V to
~4,16626 V.

A-48 In Table 5-8, Black #A7.10, under INPUTS NODE
A7 U40/9, chenge 60 V to 60 V and ~B V to ~4,16825 V,
make this same change to NGOE A7 UX0/3. Under NODE A7
U40/11 change =24 V to ~1.8 V. Under PROCEDURE
NODE A7 U30/6, change 60 Vto B0V, and =5V to =4.16625
V., make this same change to NODE A7 U40/8 VMONT and
CVPRGG. Under OVP PROG chenge =2.1Vto = 1,8V, Under
NODE A7 U36/7, in the last step change 30 V 10 26 V,

A-49 In the WARNING of paragraph B-114, change 320
Vde to 2650 Vdc.

A-B0 In Table 5-11, under SYMPTONS, change Max
Voltege <80 Vdc to max voltage <50 Vdc.




A-B1  In paragraph 6-128 ~hange 60 Vdc to B Vde. A-54 REPLACEABLE PARTS/SCHEMATIC

. DIAGRAMS
A-b2 In paragraph 6-167 change 60 Vde to 60 Vdc.
AB3  In Table 513, under SETUP S, change the thir A-65 Saction VI and VIl Manual Changes .
sentence to read: 60 V will carraspond to o meter reading
of 4,167 and 10 A will carrespond to @ mcter reading of A-BE In the replaceable parts list and on the schemotic
5.0C. diagram make the changes as Indicated below:
DESCRIPTION

1. A2 board to HP P/N 05038-60024

3. A2R78 1o HP P/N 07567-0415,

b. Option 100 Label {A2 board} HP P/N 9320-4957.
2. Front Pane! to HP P/N 06028-00003.
3. Line voltage iabel {rers panel) to HP P/N 06023-8iu0<.

A4
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‘?‘ Appendix B 3
- LOGiC SYMBOLOGY l
- [ 1i8
1 The fogic symbals used in this manual are based on i
. ANSI/IEEE Std 91-1982 (cr later), which is o revision of ANSI — )
¥32.14. The lollowing paragraphs and illustrations provide a — A =
; tiiet description of the symbology to aid in interpreting the sym: :] P .
- bots. When referring to the symbols, it should be remembared ] = =
that; | ¢ N =
R S — -
) ] 0 > -
- 1. Power supply and ground connections usually are not I=
shown on the symbols, but are listad separately on the 33 _ é
; schematic, A —3
: B —
: 2. Jtems in brackets |} are not part of the symhol, but are =
included to help the user interpret the symbe.
7 3. Unless arrows incicate otherwise, inputs are on left, out- o -

puls are on right, and signal fiow is from left to tight,

VIYYYY Y7 G960

For example, & denates the AN function. Functional labels,
such as DEMUX far a demultiplexer, identily camplex dovices, Figure B-1. Distinztive-Shape Outlines

5 4. In an array of two or more identical clements, only the — ; - .
. first ttop) element Is shown in tull detall, il
2 —_ B N -
i 6. When showr individually on a schematic rather than as
part of an array, baslc logic gates (AND, OR, bulfer) are — < S - =
shuwn by distinctive-shape outlines (see Figure B:1). | 0 B N -
® T -
Qualifier and Functional Labels. Figure B 2 shows quali‘ers | ¥ b L —
and functional lahels. Qualitiers denote basic lagic funct Jns. -

|I n\H\nH

TR

vl o

B-1 e

www.valuetronics.com | -

— [ B o | R I s om ' o .-



vl 1

vl

N, 1110

il " [N | ]

www.valuetronics.com

FF

CS‘

21

=im

Xy

CTR

Flip-Flop- Binary element with two states, set
and reset. When the llip-tlop Is set, Its outputs
will be in taelr active states. When the flip-flop
is reset, I1s outputs will be in their Inactive
statex,

AND - All inputs must be active for the output
to be active,

OR - One or mate inputs being active will cause
the oulput to be active.

EXCLUSIVE OR - Quiput will be active when
one (and only one) input is active,

Buffer or Inverter
amplification,

Witnout special

m and only m - Qutput will be active when m
land only m) inputs are active {m is replaced
with a number},

Lagic Identity - Quiput will be active only
when all or none of the inputs are active li.e,,
when oll inputs ore Identical, output will be
active).

Amplifier - The output will be active only when
the input is active (can be used with polarity or
logic indicator at input or output to signify
inversian).

Signal Level Converter or Code Converter
Input levelis} are ditferent than output level(s),
of input code {X) is converted to output codr
tY) per weighted values or 1able.

Counter- Produces one output pulse each time
it receives a specific number of Input pulses.

MUX
DEMUX

REG

SRG*

COMP

BIN/OCT

HPRI/BIN

#/N

RAM

ROM

EPROM

Multiplexer - The output is dependent only an
the selected input.

Demultiplexe: - Only the selected qutputis a
function of the input.

P agistar - Array ol unconnected fip-flops that
‘orm a simple register or latch.

Shift Registaer - Register in which data can be
shifted from ane stage to the next, the asterisk
indicates the number of stages.

Comparator - The active output indicates,
which of two or more sets of inputs is cf
greatest magnitude,

Monstable (One-Shot) Multivibrator - Qut-
put becomes active when the input becornes
active, Qutput remains active (even if the input
becomes inactive} for a period of time that is
characseristic of the device and/or circuit.

Binary-to-Octal Decoder - Cunverts ¢ three-
line binary code to eight-line octal code.

High-Priority-to-Binary Encoder - Encodes
the address of the highest active of gight inputs
to three line binury code,

Digital-to-Analog Converter - Qutiut cutrent
is a linear product of a digital word.

Random Access Memaory - Addressable
memory with read-in and read-ou.t capahility

Read Only Memory - Addressable memory
with read-out capability only,

Erasable Programmable Read Oniy
Memory - Similar to a ROM in normal use, but
can be erased and programired with special
equipment.

Figure B2, Qualifiers and Functional Labels
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Indicator Syimbols, Indicator symbals identify the active state of a device’s input ar output, as shown in Figure B.3,

a1
-4

LI

w i

Implied Indicator - Absence of
polarity indicator {see below) implies
that the active state Is a relative high
voltage level,

Poiarity Indicator - The active state
Js a relatively low voltage level.

Dynamie Indicator - The active state
Is o transition from a relative low to a
relative high voltage level, or from a
high to a low voltage level if 8 palarity
indicator Is shown outside symbal,

Non-Logic Indicator - Input or out-
put does not carry logic information
te.g., RC inputs to a one-shot
multivibrator).

Open-Circuft Qutput, general

symbol .

Open-Circuit Jutput, H Level -
NPN open emitter, PNP open callec-
tor, P-chanue! FET open drain, N-
channel FET open source,

Open-Clrcult Qutput, L Level - NPN
open collector, PNP apen emitter, P-
channel FET open source, N-channel
FET open dramn.

Analog Input or Qutput - Used
only when necessary to distinquish
nalag signals.

Digital Input or Output - Used only
when necessary 1o distinguish digital
signals,

Data lnput - Always enabled by
another input igenerally a C input-sce
Dependency Notation). Any D input is
associaled with storage.

-~

)

m

Shift Right {Down) Input - When
active, causes the contents of a shift
register to shift to the right or down
"m" places Im is replaced with a
number).

NOTE
I m=1, it is omitted,

Postponed Output - OQutput delayed
until input returns to its Initial state.

Three-State Qutput - indicates out-
puts that can have a high-impedance
ldisconnect} state in addition to the
normat binary logic states.

Bithreshold input Input
characterized by hysteresis; one
threshold for positive-going signals
and a different threshold for regative-
going signals.

Greatar-Than Input ar Qutput of a
magnitude comparator.

Less-Than Input or Qutput of a
magnitude comparator,

Equal Input or Qutput of a
magnitude comparator.

Extension Input or Extender Qut-
put - Connected between devices to
extend the number of inputs.

Multiplier Input Analog input
used to controf a  varable
characteristic of a function e g.,
rangel,

Content - Indicates tie value of anin-
put or gutput when active.

Binary Grouping -
power of 2,

m is highest

Input Line Grouping - Two or mare
terminals implement a singte logic
input,

| Figure B-3. Input ond Output Indicators

i
B3

e L TR T

e T

i I Fariay e

ted il

p e [T



Contiguous Blocks. Twa symhbols may share a cammon baoun- an implied logic connection across a vertical line. Notable ex-
dary parallel or perpendicular to the direction of signal llow. ceptions to this rule are the harizontal lines beneath control
Note that In the examples shown in Figure B-4 there is generally blocks and betweon =ections of shift registers and counters,
no loglc cannection acrass a harizontal line, but there is always

* S » -—

[ [ 1]

. * b— * — =4
——r] — * -

NO LOGIC / ‘1 o
CONNECTION /
LOGIC

@ y - :: | e | er CONNECTION
] | ¢ D — D — -
5 . T -
- N = __ _
) S R N

Figure B-4. Contiguous Blocks

B Common Control Block, The Control block is used in con- =
junction with an array of related symbols in order to group com- -
) mon loglc lines. Figure B-5 shows how the Contiol block is —
usuaily represented. Figure B 6 shows a quad D type flip llop l [— —I ‘_
with reset. This can be re.drawn as shown in Figure B 7. Note: HESET R ¢ 3 -
- that the more complex representation shawn in Figure B 6 can cLOCK 9 [ ) 4 _.i_
be used when the flip-flops are functionally scattered argund 4y 4 2
the schentatic 1 e., not used as a quad unith, DATA T iD | -
_- [ E
: I~ -
) R FF 7 -
;| el L Is :
’ DATA - : o |
f 1 CONTROL 6,25 N
j | >R FF 19
o] 1t
_ 12 .
! DATA [ [ 10 l
]
: ARRAY | T Irs
- DATA — 0 | ‘
) figure B-6. Commaon Cantrol Block Figure B-6. Quad D-Type Lotch {individual)
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Figure B-7. Quad D-Type Lawch {Combined)

Dependency Notation,.Dependency nolation simplifies sym
bols for complex integrated clrcuit elements by defining the in-
terdependencies of inputs or outputs without actually show-
ing all the elaments and interconnections involved. {See Figure
B8 and B-3 for examples of AND dependency and enable
dupendency.)

The input that controls or gates other
inputs is labeled with a € or a
followed by an identifying number,

The controlled or gated input or out-
put is labeled with the same number.
This example, 1 is controlled by G1.

— GI

When the cantrolled or gated input or
autput already has a functional labe!
(X is used here), that label will be
prefixed by the identifying number.

If the input or output is alfected by
maore than ane gate or control input,
then the identifying numbers of each
gate ar cantrol input will appear in the
prelix, separated by cammas. In this
eqample, X is controlled by G1 and
C2

—46l
—62
—1,2%

Figure B-8. AND Dependency Notation

When an EN input is active, the out-
Gl put Is enabled 1o function normaily.
| 27 When an EN input is Inactive, the out-

put becomes a high impedance, effec-
EN2 tiviey removing that device fram the
clrcuit.

Figure B-9. Enable Dependency Notation

co o dll L ik

Application of dependency notatian is accomplished by:

1. labelling the input affecting other inputs ar outputs
with the letter symbaol denating the relationship Involv-
ed followed by an appropriately chasen identifying
number, and

2, fabelling each input or output atfected by the atfec-
ting input with that same number.

if it is the camplenient of the internal logic state of the aifec-
ting input or output that does the attecting, a bar is placed aver
the identilying number at the affected input or output.

If the affected input or output requires s labal to denate its func-
tion, this label shall be prefixed by the identifying number of
the afiecting input.

i aninput or output is afiected by more than ane affecting in-
put, the identitying numbers of each of the atfecting inputs shall
appear in the label of the pffected one separated by commus.
The left-to-right reading arder of these identifying numbers is
the: same as the sequence of the oflecting relationships.

Two atfecting inputs labelle. with different Ietters shall not have
the same identifying number, unless one of the letters is A

it two affecting Inputs have the same letter and the same iden-
tifying number, they stand in an QR relationship to each other,

It the labels denoting the functions of affecting inputs or gut-
puts must be nu nhers (e.g., outputs ol a coder}, the identify-
ing numbers to be associated with hoth affecting inputs and
atfected inputs or outputs shall be replaced by ancther character
selected to avoid ambiguity (e.g., Greek letters),

An affecting input affects only the corresponding aflected in-
puts and gutputs o! th: symbol.

Note that dependency notation is usually indicated by numbers,
The numbers themselves have no value; they simply relate two
or mate points having the same number, However, sametimes
an input or output has 2 weighted value le.g., 1,2,4,8): in Jhase
cases a ngn-numeric symbol {e.g,,o<} may be used to avoid
confusion between a weighted value and the dependancy
notation.

Eleven types of dependencies are defined, as listed belaw:
A Address - Identifies the address inputs of a memory.

C  Control  Identifies an inpul, such as a vming or clock
input, that praduces action, and indicates which other
inputs are contrused by it. Used for sequential
elements (Hip-tlops, registers), and may imply mare
than a simple AND relationship.

EN  Epable - Identifies en input that enables cutputs, and
indicates which outputs are oifected by it. Acts as a
connect switch when active, and a disconnect switch
when inactive.
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G Gate{AND)- Identifies an input having an AND rela-
tionship with other inputs Jr autpuis having the same
identifier number {or symbal).

M  Mode - tdentlfies an input Jhat selects the mode of
operation, and indicates which Inputs and outputs de-
pend on that mode,

N  Negate - Identifies an input that when active, com.
plements ather Inputs or cutputs, and identifies which
inputs and outputs are atfected.

R Reset - When active, couses a {lip-flop 10 reset.
S  Set - When active, causes a flip-flop to set,

V  OR - |dentifies an input having an QR relationship
with other inputs or outputs having the same den-
titier number (or symbal).

X Transmission - Identifies an input that makes or
breaks hidirectional connections between atfected in
put/output ports,

‘ Interconnection - ldentities a point that is internally
connected to anather input, vutput, internal input, or
internal autput having the same identifier number (qgr
symbol}.

Connections to Discrete Components. Discrete com
panents that are a functional part of the loglc device connect
to pins marked as shown in Figure B-10.

Bins components

Current - Monitor components
Oivider components

External components, miscellaneous

Frequency, Frequency Compensation, Timing
components

Gain-Determining companents
Null companents
Terminating components

Differentiating components

BEPBEDP PRPEPDPP

Integrating components

Figure B-10. Connections to Discrete Components

Miscellaneous Terms and Symbols. Figure B-11 shows
miscellaneous terms and symbals that are used in conjunction
with the logic symhols, function tables, anu truth tables used
in this section.

H  High - The maore pasitive 1lgebraic value.

L Low - The mote negative dlgebraic value,

Uga  The tevel of Q (output) before steady-state input.

Q,, Thelevel of Q ternput) betare control-signal transitien
T Transition from low to high.

l Transition fram high 1 low,

—as— Bidirectinonal signal tiow.

Internal Connection - Connection between two it
cuit areas within o device,

Active Active Stata - A thnary physical or logical
state that corresponds to the true state of
an input, an output, or a function. The
opposite of the inactve state.

Enable  Enabled Condition - A layical state thot
occurs when dependency conditions ase
satisfied. Functions are assumed tu be enaby-
ed when their behavior is descritied. A con
venient way to think of it is as follows:

A function becaomes active when:

1 s external stimulus (e.g., voltage level)
enters the active state,

2. ltsexternal stimulus {e.g., voltage level)
enters the active sta’. .

Figure B-11, Miscellancous Terms and Symbaols

Basic Logic Symbaols. Figure B-12 shows the symbals for each
of the hasic logic devices used in this instrument, Also includ-
ed are the HP part number, the pars number of the device fram
a typlcal manufacturer, and the reference designators tor each
use of the device In this instrument.
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