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Certification

Agilent Technologies certifies that this product met its published specifications at the time of shipment from the factory.  Agilent
Technologies further certifies that its calibration measurements are traceable to the United States National Institute of Standards and
Technology (formerly National Bureau of Standards), to the extent allowed by that organization’s calibration facility, and to the calibration
facilities of other International Standards Organization members.

Warranty

ThisAgilentTechnologiesproductiswarrantedagainstdefectsinmaterialsandworkmanshipforaperiodofone(1)yearfromdateof
shipment.Durationandconditionsofwarrantyforthisproductmaybesupersededwhentheproductisintegratedinto(becomesapart
of)otherAgilentproducts.Duringthewarrantyperiod,AgilentTechnologieswill,atitsoption,eitherrepairorreplaceproductswhich
provetobedefective.

Forwarrantyserviceorrepair,thisproductmustbereturnedtoaservicefacilitydesignatedbyAgilentTechnologies.Buyershallprepay
shippingchargestoAgilentandAgilentshallpayshippingchargestoreturntheproducttoBuyer.However,Buyershallpayallshipping
charges,duties,andtaxesforproductsreturnedtoAgilentfromanothercountry.

AgilentwarrantsthatitssoftwareandfirmwaredesignatedbyAgilentforusewithaproductwillexecuteitsprogramminginstructions
whenproperly installedonthatproduct. Agilentdoesnotwarrantthattheoperationof theproduct,orsoftware,orfirmwarewillbe
uninterruptedorerrorfree.

Limitation Of Warranty
TheforegoingwarrantyshallnotapplytodefectsresultingfromimproperorinadequatemaintenancebyBuyer,Buyer-suppliedproducts
orinterfacing,unauthorizedmodificationormisuse,operationoutsideoftheenvironmentalspecificationsfortheproduct,orimpropersite
preparationormaintenance.

ThedesignandimplementationofanycircuitonthisproductisthesoleresponsibilityoftheBuyer.AgilentdoesnotwarranttheBuyer’s
circuitryormalfunctionsofAgilentproductsthatresultfromtheBuyer’scircuitry.Inaddition,Agilentdoesnotwarrantanydamagethat
occursasaresultoftheBuyer’scircuitoranydefectsthatresultfromBuyer-suppliedproducts.

NOOTHERWARRANTYISEXPRESSEDORIMPLIED.AgilentSPECIFICALLYDISCLAIMSTHEIMPLIEDWARRANTIES
OFMERCHANTABILITYANDFITNESSFORAPARTICULARPURPOSE.

Exclusive Remedies
THEREMEDIESPROVIDEDHEREINAREBUYER’SSOLEANDEXCLUSIVEREMEDIES.AgilentSHALLNOTBELIABLE
FORANYDIRECT,INDIRECT,SPECIAL,INCIDENTAL,ORCONSEQUENTIALDAMAGES,WHETHERBASEDONCON-
TRACT,TORT,ORANYOTHERLEGALTHEORY.

Notice

Theinformationcontainedinthisdocumentissubjecttochangewithoutnotice.AgilentTechnologiesMAKESNOWARRANTYOF
ANYKINDWITHREGARDTOTHISMATERIAL,INCLUDING,BUTNOTLIMITEDTO,THEIMPLIEDWARRANTIESOF
MERCHANTABILITYANDFITNESSFORAPARTICULARPURPOSE.Agilentshallnotbeliableforerrorscontainedhereinorfor
incidentalorconsequentialdamages inconnectionwiththefurnishing,performanceoruseofthismaterial. Thisdocumentcontains
proprietaryinformationwhichisprotectedbycopyright.Allrightsarereserved.Nopartofthisdocumentmaybephotocopied,reproduced,
ortranslatedtoanotherlanguagewithoutthepriorwrittenconsentofAgilentTechnologies,Inc.Agilentassumesnoresponsibilityforthe
useorreliabilityofitssoftwareonequipmentthatisnotfurnishedbyAgilent.

U.S. Government Restricted Rights

TheSoftwareandDocumentationhavebeendevelopedentirelyatprivateexpense. Theyaredeliveredand licensedas"commercial
computersoftware"asdefinedinDFARS252.227-7013(Oct1988),DFARS252.211-7015(May1991)orDFARS252.227-7014(Jun
1995),asa"commercialitem"asdefinedinFAR2.101(a),oras"Restrictedcomputersoftware"asdefinedinFAR52.227-19(Jun1987)(or
anyequivalentagencyregulationorcontractclause),whicheverisapplicable.YouhaveonlythoserightsprovidedforsuchSoftwareand
DocumentationbytheapplicableFARorDFARSclauseortheAgilentstandardsoftwareagreementfortheproductinvolved.

AgilentE1328A4-ChannelD/AConverterModuleServiceManual
Edition2Rev3

Copyright©1996-2006AgilentTechnologies,Inc.AllRightsReserved.
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Frameorchassisgroundterminal—typically
connectstotheequipment’smetalframe.

Alternatingcurrent(AC).

Directcurrent(DC).

Indicateshazardousvoltages.

Callsattentiontoaprocedure,practice,orcon-
ditionthatcouldcausebodilyinjuryordeath.

Callsattentiontoaprocedure,practice,orcon-
dition that could possibly cause damage to
equipmentorpermanentlossofdata.

Indicatesthefieldwiringterminalthatmust
beconnectedtoearthgroundbeforeoperating
the equipment—protects against electrical
shockincaseoffault.

Instructionmanualsymbolaffixedtoproduct.
Indicatesthattheusermustrefertotheman-
ual for specific WARNING or CAUTION
informationtoavoidpersonalinjuryordam-
agetotheproduct.

or

WARNINGS

The following general safety precautions must be observed during all phases of operation, service, and repair of this product.
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards of design,
manufacture, and intended use of the product.  Agilent Technologies assumes no liability for the customer’s failure to comply with
these requirements.

Ground the equipment:ForSafetyClass1equipment(equipmenthavingaprotectiveearthterminal),anuninterruptiblesafetyearth
groundmustbeprovidedfromthemainspowersourcetotheproductinputwiringterminalsorsuppliedpowercable.

DO NOT operate the product in an explosive atmosphere or in the presence of flammable gases or fumes.

Forcontinuedprotectionagainstfire,replacethelinefuse(s)onlywithfuse(s)ofthesamevoltageandcurrentratingandtype.
DONOTuserepairedfusesorshort-circuitedfuseholders.

Keep away from live circuits:Operatingpersonnelmustnotremoveequipmentcoversorshields.Proceduresinvolvingtheremovalof
coversorshieldsareforusebyservice-trainedpersonnelonly.Undercertainconditions,dangerousvoltagesmayexistevenwiththe
equipmentswitchedoff.Toavoiddangerouselectricalshock,DONOTperformproceduresinvolvingcoverorshieldremovalunlessyou
arequalifiedtodoso.

DO NOT operate damaged equipment:Wheneveritispossiblethat thesafetyprotectionfeaturesbuiltinto thisproducthavebeen
impaired,eitherthroughphysicaldamage,excessivemoisture,oranyotherreason,REMOVEPOWERanddonotusetheproductuntil
safeoperationcanbeverifiedbyservice-trainedpersonnel.Ifnecessary,returntheproducttoanAgilentTechnologiesSalesandService
Officeforserviceandrepairtoensurethatsafetyfeaturesaremaintained.

DO NOT service or adjust alone:Donotattemptinternalserviceoradjustmentunlessanotherperson,capableofrenderingfirstaidand
resuscitation,ispresent.

DO NOT substitute parts or modify equipment:Becauseofthedangerofintroducingadditionalhazards,donotinstallsubstituteparts
orperformanyunauthorizedmodificationtotheproduct.ReturntheproducttoanAgilentTechnologiesSalesandServiceOfficefor
serviceandrepairtoensurethatsafetyfeaturesaremaintained.

Printing History
ThePrintingHistoryshownbelowlistsallEditionsandUpdatesofthismanualandtheprintingdate(s).Thefirstprintingofthemanual
isEdition1.TheEditionnumberincrementsby1wheneverthemanualisrevised.Updates,whichareissuedbetweenEditions,contain
replacementpagestocorrectthecurrentEditionofthemanual.UpdatesarenumberedsequentiallystartingwithUpdate1.Whenanew
Editioniscreated,itcontainsalltheUpdateinformationforthepreviousEdition.EachnewEditionorUpdatealsoincludesarevisedcopy
ofthisprintinghistorypage.Manyproductupdatesorrevisionsdonotrequiremanualchangesand,conversely,manualcorrectionsmay
bedonewithoutaccompanyingproductchanges.Therefore,donotexpectaone-to-onecorrespondencebetweenproductupdatesand
manualupdates.

Edition1 ................................................ June1991

Edition2(PartNumberE1328-90011)......................... June1996

Edition2Rev2(PartNumberE1328-90011) ................... July2006

Edition 2 Rev 3 (Part Number E1328-90011) . . . . . . . . . . . . .September 2012

Safety Symbols

WARNING

CAUTION
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Declaration of Conformity 
 

Declarations of Conformity for this product and for other Agilent products may be downloaded from the Internet. There are two methods to obtain 

the Declaration of Conformity: 

• Go to http://regulations.corporate.agilent.com/DoC/search.htm . You can then search by product number to find the latest Declaration 

of Conformity. 

• Alternately, you can go to the product web page (www.agilent.com/find/EϭϯϮ8A), click on the Document Library tab then 

scroll down until you find the Declaration of Conformity link.  
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What’s in this Manual

Manual Overview 

ThismanualshowshowtoservicetheAgilentE1328A4-ChannelD/AConverter.Additionalmanualswhich

mayberequiredforservicingtheD/AConverterincludetheAgilent E1328A User’s Manualwhichcontains

D/AConverteroperation,installation,andconfigurationinformation,andtheappropriatemainframeuser’s

manual(s)formainframeoperation,installationandconfigurationinformation.

Manual Content

Chapter Title Content

1
General
Information 

Provides a basic description, and lists available options and
accessories.  Also lists the tools and test equipment required for
service.

2
Installation Procedures to install the D/A Converter, perform initial inspection,

prepare for use, and store and ship the D/A Converter.

3
Operating
Instructions

Procedures to operate the D/A Converter and perform operator’s
check.

4
Verification
Tests

Functional verification, operation verification, and performance
verification tests to test the D/A Converter.

5
Adjustments Procedures to adjust the D/A Converter to within its rated

specifications.

6
Replaceable
Parts

Lists part numbers for user replaceable parts in the D/A Converter.
Provides information on ordering spare parts and module exchange.

7
Manual
Changes

Information to adapt this manual to instruments whose serial
numbers are lower than those listed on the title page.

8
Service Procedures to aid in fault isolation and repair of the D/A Converter.

A
Calculating
D/A Converter
Accuracy

Shows how D/A Converter accuracy, measurement uncertainty,
and test accuracy ratios (TARs) are calculated.

B
Verification
Tests - C
Programs

Gives example C programs to implement the the verification tests
and adjustments.

What’s in this Manual 7
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  Agilent 75000 Series B Service Documentation

Suggested Sequence to Use Manuals

Manual Descriptions

Installation and Getting Started Guide.Thismanualcontainsstep-by-stepinstructionsforallaspectsof

plug-inmoduleandmainframeinstallation.Introductoryprogramminginformationandexamplesarealso

included.

Mainframe User’s Manual.Thismanualcontainsprogramminginformationforthemainframe,frontpanel

operationinformation(fortheAgilentE1301Bmainframe),andgeneralprogramminginformationfor

instrumentsinstalledinthemainframe.

Plug-In Module User’s Manuals. Thesemanualscontainplug-inmoduleprogrammingandconfiguration

information.Eachmanualcontainsexamplesforthemost-usedmodulefunctions,andacompleteSCPI

commandreferencefortheplug-inmodule.

Mainframe  Service Manual. Thismanualcontainsserviceinformationforthemainframe.Itcontains

informationfororderingreplaceablepartsandexchangingassemblies.Informationandproceduresfor

performanceverification,adjustment,preventivemaintenance,troubleshooting,andrepairarealsoincluded.

Plug-In Module Service Manuals.Thesemanualscontainplug-inmoduleserviceinformation.Eachmanual

containsinformationforexchangingthemoduleand/ororderingreplaceableparts.Dependingonthemodule,

informationandproceduresforfunctionalverification,operationverification,performanceverification,

adjustment,preventivemaintenance,troubleshooting,andrepairarealsoprovided.

8 Agilent 75000 Series B Service Documentation
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Chapter 1

General Information

Introduction ThisAgilentE1328AServiceManualcontainsinformationrequiredtotest,

adjust,troubleshoot,andrepairtheAgilentE1328AB-SizeVXI4-Channel

D/AConverter(DAC).SeetheAgilent E1328A User’s Manualfor

additionalinformationontheAgilentE1328ADAC.Figure1-1showsthe

AgilentE1328ADAC.

Figure 1-1.  Agilent E1328A 4-Channel D/A Converter

Chapter 1 General Information 9
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Safety
Considerations

ThisproductisaSafetyClassIinstrumentthatisprovidedwithaprotective
earthterminalwheninstalledinthemainframe.Themainframe,DAC,and
allrelateddocumentationshouldbereviewedforfamiliarizationwithsafety
markingsandinstructionsbeforeoperationorservice.

RefertotheWARNINGSpage(pageiii)inthismanualforasummaryof

safetyinformation.Safetyinformationforpreventivemaintenance,testing,

adjusting,andservicefollowsandisalsofoundthroughoutthismanual.

Warnings and

Cautions

ThissectioncontainsWARNINGSwhichmustbefollowedforyour

protectionandCAUTIONSwhichmustbefollowedtoavoiddamagetothe

equipmentwhenperforminginstrumentmaintenanceorrepair.

WARNING SERVICE-TRAINED PERSONNEL ONLY.  The information in
this manual is for service-trained personnel who are familiar
with electronic circuitry and are aware of the hazards involved.
To avoid personal injury or damage to the instrument, do not
perform procedures in this manual or do any servicing unless
you are qualified to do so.

CHECK MAINFRAME POWER SETTINGS.  Before applying
power, verify that the mainframe setting matches the line
voltage and the correct fuse is installed.  An uninterruptible
safety earth ground must be provided from the main power
source to the mainframe input wiring terminals, power cord, or
supplied power cord set.

GROUNDING REQUIREMENTS.  Interruption of the protective
(grounding) conductor (inside or outside the mainframe) or
disconnecting the protective earth terminal will cause a
potential shock hazard that could result in personal injury.
(Grounding one conductor of a two-conductor outlet is not
sufficient protection.) 

IMPAIRED PROTECTION.  Whenever it is likely that instrument
protection has been impaired, the mainframe must be made
inoperative and be secured against any unintended operation.

REMOVE POWER IF POSSIBLE.  Some procedures in this
manual may be performed with power supplied to the
mainframe while protective covers are removed.  Energy
available at many points may, if contacted, result in personal
injury.  (If maintenance can be performed without power
applied, the power should be removed.)

10 General Information Chapter 1
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USING AUTOTRANSFORMERS.  If the mainframe is to be
energized via an autotransformer (for voltage reduction) make
sure the common terminal is connected to neutral (that is, the
grounded side of the main’s supply).

WARNING CAPACITOR VOLTAGES.  Capacitors inside the mainframe may
remain charged even when the mainframe has been
disconnected from its source of supply.

USE PROPER FUSES.  For continued protection against fire
hazard, replace the line fuse(s) only with fuses of the same
current rating and type (such as normal blow, time delay, etc.).
Do not use repaired fuses or short-circuited fuseholders.  

CAUTION MAXIMUM VOLTAGE.  Maximum voltage that may be applied

between any two terminals within the same channel is ± 15 Vdc.  Do not

apply voltage between any pair of terminals if the D/A Converter is

turned off.

STATIC ELECTRICITY.  Static electricity is a major cause of

component failure.  To prevent damage to the electrical components in

the DAC, observe anti-static techniques when removing a DAC from

the mainframe or when working on the DAC.  Also, when installing a

DAC in a mainframe slot, be sure to tighten the front panel screws.

POWER-UP/DOWN OUTPUTS.  At power-up or down, potentials up

to 12V may appear across the channel outputs for up to 10 msec. 

Chapter 1 General Information 11
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DAC
Description

TheAgilentE1328ADACisan"instrument"intheslotsofaVXIbus
mainframe.Assuch,itisassignedanerrorqueue,inputandoutputbuffers,
statusregisters,andisallocatedaportionofmainframememoryforreading
storage.

NOTE Instruments are based on the logical addresses of the plug-in modules. See

the Agilent 75000 Series B Installation and Getting Started Guide to set the

addresses to create an instrument. 

TherearetwoE1328ADACfunctions(seeTable1-1):

• IsolatedVoltageDACs
• IsolatedCurrentDACs

Table 1-1.  Agilent E1328A 4-Channel D/A Converter Functions

Function/
Feature

Chs Description

Voltage
DAC

1,2,3,4 Output DC voltage up to ± 10.92 V independently on
each channel.  Can use remote voltage sensing with
"no-fault" operation.  Connect multiple channels in

series to increase the output to ± 48 Vdc for a single
module.  All four channels are independently isolated
and may be floated up to 350 Vdc from ground.  Each
channel can be calibrated electronically to 24-hour
specifications.

Current
DAC

1,2,3,4 Output DC current up to ± 21.8 mA independently on
each channel.  Connect multiple channels in parallel

to increase the output to ± 96 mA for a single module.
All four channels are independently isolated and may
be floated up to 350 Vdc from ground.  Each channel
can be calibrated electronically to 24-hour
specifications.

DAC Specifications DACspecificationsarelistedinAppendix AoftheAgilent E1328A Users

Manual.Thesespecificaitionsaretheperformancestandardsorlimits

againstwhichtheinstrumentmaybetested.

12 General Information Chapter 1
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DAC Serial

Numbers

DACscoveredbythismanualareidentifiedbyaserialnumberprefixlisted

onthetitlepage.AgilentTechnologiesusesatwo-partserialnumberinthe

formXXXXAYYYYY,whereXXXXistheserialprefix,Aisthecountry

oforigin(A=USA),andYYYYYistheserialsuffix.Theserialnumber

suffixisassignedsequentiallytoeachinstrument.

Iftheserialnumberprefixofyourinstrumentisgreaterthantheonelisted

onthetitlepage,aManualUpdate(asrequired)willexplainhowtoadapt

thismanualtoyourinstrument.Iftheserialnumberprefixislowerthanthe

onelistedonthetitlepage,informationcontainedinChapter 7 - Manual

Changesexplainshowtoadaptthismanualtoyourinstrument.

DAC Options TherearenoelectricalormechanicaloptionsavailablefortheAgilent

E1328ADAC.However,youcanorderOption1BNwhichprovidesa

MIL-STD-45662ACalibrationCertificate,orOption1BPwhichprovides

theCalibrationCertificateandmeasurementdata.Contactyournearest

AgilentTechnologiesSalesandServiceOfficeforinformationonOptions

1BNand1BP.

Chapter 1 General Information 13
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Recommended
Test Equipment

Table1-2liststhetestequipmentrecommendedfortesting,adjusting,and
servicingtheAgilentE1328ADAC.Essentialrequirementsforeachpiece
oftestequipmentaredescribedintheRequirementscolumn.

Table 1-2.  Recommended Test Equipment

Instrument Requirements Recommended

Model

Use*

Controller, GPIB GPIB compatibility as defined by IEEE
Standard 488-1978 and the identical
ANSI Standard MC1.1: SH1, AH1, T2,
TE0, L2, LE0, SR0, RL0, PP0, DC0, DT0,
and C1, 2, 3, 4, 5

HP 9000 Series 300
or
IBM compatible PC with
BASIC

A,F,O,
P,T

Mainframe Compatible with DAC Agilent E1300B, E1301B,
E1302A, or E1401B/T,
E1421A (requires Agilent
E1306A)

A,F,O,
P,T

DC Standard Voltage Range: -20.0 V to +20.0 V Datron 4708 with
Option 10

F,O,P

Digital Multimeter Voltage Range:  ± 10 VDC

Current Range:  ± 20 mA DC

Accuracy:  ± (.015% reading + 1 mV)

   ± (.02% reading + 1 µA)

Agilent 3458A multimeter
or

Agilent E1326B multimeter

A,F,O,
P,T

*F = Functional Verification Tests, O = Operation Verification Tests, P = Performance Verification Tests, 
 A = Adjustments,   T = Troubleshoooting

14 General Information Chapter 1
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Chapter 2

Installation

Introduction ThischapterprovidesinformationtoinstalltheAgilentE1328AD/A

Converter,includinginitialinspection,preparationforuse,environment,

storageandshipment.

Initial
Inspection

Inspecttheshippingcontainerfordamage.Iftheshippingcontaineror
cushioningmaterialisdamaged,keepthecontaineruntiltheshipment
contentshavebeencheckedandtheinstrumenthasbeenchecked
mechanicallyandelectrically.SeeChapter1(Figure1-1)forshipment
contents.SeeChapter4forprocedurestocheckelectricalperformance.

WARNING To avoid possible hazardous electrical shock, do not perform
electrical tests if there are signs of shipping damage to any
portion of the outer enclosure (covers, panels, etc.).

Ifthecontentsareincomplete,ifthereismechanicaldamageordefect,orif

theinstrumentdoesnotpasstheelectricalperformancetests,notifyyour

nearestAgilentTechnologiesSalesandServiceOffice.Iftheshipping

containerisdamagedorthecushioningmaterialshowssignsofstress,

notifythecarrieraswellasAgilentTechnologies,andkeeptheshipping

materialsforthecarrier’sinspection.

Preparation for
Use

SeeChapter2oftheAgilent E1328A User’s Manualtopreparethe
AgilentE1328AD/AConverterforuse.Seetheappropriatemainframe
user’smanual(s)toprepareyourmainframe.Ifyourmainframeisnot
manufacturedbyAgilentTechnologies,consultthemanufacturerforalist
ofavailablemanual(s).

RecommendedoperatingenvironmentfortheAgilentE1328AD/A

Converteris0
o
Cto+55

o
Cwithhumidity<65%relative(0

o
Cto+40

o
C).

Theinstrumentshouldbestoredinaclean,dryenvironment.Forstorage

andshipment,thetemperaturerangeis-40
o
Cto+75

o
Cwithhumidity<65%

relativehumidity(0
o
Cto+40

o
C).

Chapter 2 Installation 15
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Shipping
Guidelines

FollowthestepsinFigure2-1toreturntheAgilentE1328AD/AConverter
toaAgilentTechnologiesSalesandSupportOfficeorServiceCenter.



 1  Prepare the D/A Converter

• Remove user wiring from the module
• Attach tag to module/pod that identifies

               -  Owner

               -  Model Number/Serial Number

               -  Service Required

• Place tagged device in approved anti-static bag

 2  Package the D/A Converter

• Place packaged D/A Converter in shipping carton*
• Place 75 to 100 mm (3 to 4 inches) of shock-

absorbing material around the D/A Converter
• Seal the shipping carton securely
• Mark the shipping carton FRAGILE

 3  Ship the D/A Converter to Agilent Technologies

• Place address label on shipping carton
• Send carton to Agilent Technologies

*Werecommendthatyouusethesameshippingmaterialsasthoseusedinfactorypackaging(availablefromAgilentTechnologies).

Forother(commercially-available)shippingmaterials,useadoublewall-cartonwithminimum2.4MPa(350psi)test.

Figure 2-1.  Packaging/Shipping Guidelines
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Chapter 3

 Operating Instructions

Introduction ThischapterlistsoperatinginformationfortheAgilentE1328AD/A

Converter,including:

• D/AConverteroperation
• Operator’scheck(self-test)

D/A Converter
Operation

SeetheAgilent E1328A 4-Channel D/A Converter User’s Manual forD/A
Converteroperation,including:

• Gettingstarted
• ConfiguringtheD/AConverter
• UsingtheD/AConverter
• UnderstandingtheD/AConverter

• D/AConvertercommandreference
• D/AConverterspecifications
• D/AConvertererrormessages

Operator’s
Check

TheOperator’sCheckfortheAgilentE1328AD/AConverterconsistsof
sendingtheself-test(*TST?)commandandcheckingthereturn.The
operator’scheckcanbeusedatanytimetoverifytheD/AConverteris
connectedproperlyandisrespondingtotheself-testcommand.See
Chapter 8 - ServiceforalistofD/AConverterself-testerrors.

CAUTION The *TST? command temporarily resets the D/A Converter (to 
0 V  or 0 A output) on each channel.  Make sure any devices
connected to the DAC will not be adversely affected before
using *TST?.

Asrequired,seethemainframeuser’smanualforinformationonaddress

selection.SeetheAgilent E1328A User’s ManualforinformationonD/A

ConverterSCPIcommands.
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Self-Test  Procedure 1.VerifytheD/AConverterisproperlyinstalledinthemainframeand
themainframehaspasseditspower-onsequencetest.Seethe
Agilent75000SeriesBSystemInstallationandGettingStartedGuide
forinformationonmainframepower-onsequencetests.

2.ExecutetheD/AConverterself-testusingthe*TST?command(see
examplefollowing).

3.A"0"returnedmeansnoself-testfailure,while"-330"returned
meansafailurewasdetected.SeeChapter 8 - Service fortrouble
shootinginformation(seeNOTEfollowing).

NOTE Test failures can be caused by improper cabling, improper selection of the

interface select code, primary, and/or secondary address setting. Verify

proper connection and address selection before trouble shooting.



Example: D/A

Converter Self-Test

AnexamplefollowswhichusesanHP9000Series300computerwith

BASICandaD/AConverteraddressof70909.

10  OUTPUT 70909;"*TST?" Send the self-test command 

20  ENTER 70909;A Enter self-test result

30  PRINT A

40  END
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Chapter 4

Verification Tests

Introduction Thethreelevelsoftestproceduresdescribedinthischapterareusedto

verifythattheAgilentE1328AD/AConverter(DAC):

• isfullyfunctional(FunctionalVerification)

• meetsselectedtestablespecifications(OperationVerification)

• meetsalltestablespecifications(PerformanceVerification)

WARNING Do not perform any of the following verification tests unless
you are a qualified, service-trained person and have read the
WARNINGS and CAUTIONS in Chapter 1.

Test Conditions /

Procedures

Forvalidtests,alltestequipmentandtheAgilent3458Amultimetermust

haveaone-hourwarmup,thelinevoltagemustbe115/230Vac±10%,and

Agilent3458AACALmustbeperformednomorethan24hoursbeforethe

tests.SeeTable1-2,Recommended Test Equipmentfortestequipment

requirements.

Forbesttestaccuracy,theambienttemperatureofthetestareashouldbe

between18°Cand28°Candstabletowithin±1°C.Youshouldperformthe

PerformanceVerificationtestsatleastonceayear.Forheavyuseorsevere

operatingenvironments,performthetestsmoreoften.

Theverificationtestsassumethepersonperformingthetestsunderstands

howtooperatethemainframe,theDACandspecifiedtestequipment.The

testproceduresdonotspecifyequipmentsettingsfortestequipmentexcept

ingeneralterms.Itisassumedaqualified,service-trainedpersonwillselect

andconnectthecables,adapters,andprobesrequiredforthetest.
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Performance Test

Record

Table4-2,Performance Test RecordfortheAgilentE1328ADAC,atthe

endofthischapter,providesspacetoentertheresultsofeachPerformance

Verificationtestandtocomparetheresultswiththeupperandlowerlimits

forthetest.Youcanmakeacopyofthisform,ifdesired.

NOTE The upper and lower limits in the Performance Test Record assume the test

equipment used is calibrated and operating at peak performance. If this is

not the case/ problems can occur.

For example, an uncalibrated Agilent 3458A multimeter may cause what

seems to be an inaccurate measurement. This condition must be considered

when observed measurements do not agree with the performance test limits.

Thevalueinthe"MeasurementUncertainty"columnofTable4-2isderived

fromthespecificationsfortheAgilent3458Amultimeterusedforthetest,

andrepresentstheexpectedaccuracyoftheAgilent3458A.Thevalueinthe

"TestAccuracyRatio(TAR)"columnofTable4-2istheratioofDAC

accuracytoAgilent3458Ameasurementuncertainty.IftheTARis≤10:1,

theratioisroundedtothenearestinteger.IftheTARis≥10:1,theTARis

shownas>10:1.

Verification Test

Examples

EachPerformanceVerificationTestincludesanexampleprogramto

performthetest.Eachexampleusesaddress70909fortheDAC,andan

HP9000Series200/300computerrunningBASICcommands.Youmay

needtochangetheDACaddressand/orcommandsyntaxtoperformthe

examplesforyoursetup.

Asrequired,seethemainframeuser’smanualforinformationonaddress

selectionandcablingguidelines.SeetheAgilent E1328A User’s Manualfor

informationonStandardCommandsforProgrammableInstruments(SCPI

commands)fortheDAC.
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Functional
Verification
Tests

ThefunctionalverificationtestsfortheAgilentE1328ADACcanbe
performedatanytimetoverifytheDACisfunctionalandis
communicatingwiththemainframe,externalcomputerand/orexternal
terminal.ThefunctionaltestsfortheAgilentE1328ADACare:

• DACSelf-Test

• VoltageComplianceTests(Optional)

• CurrentComplianceTests(Optional)

DAC Self-Test ThistestverifiestheDACiscommunicatingwiththemainframe,external

controller,and/orexternalterminalbyperformingaself-test(*TST?

command).See"Operator’sChecks"inChapter3foradescriptionofthe

DACself-test.

Voltage

Compliance Tests

TheseOPTIONALtestsmeasurethevoltagecomplianceoneachchannelof

theDAC.

Positive Voltage Compliance Tests

Forpositivevoltagecompliancetests,eachchanneltobetestedissetfor

UNCALIBRATEDMAXvoltageoutput(+12V).ADCsourceis

connectedtoV+andS+ofthechanneltobetested.Thesourceissetto

+5Vandincreasedin+0.5Vstepsuntilthechanneloutput(asmeasured

withanAgilent3458Amultimeter)stopsincreasing.Ifthechannel

maximumoutputis≥+15V,thetestpasses.

Negative Voltage Compliance Tests

Fornegativevoltagecompliancetests,eachchanneltobetestedissetfor

UNCALIBRATEDMINvoltageoutput(-12V).ADCsourceisconnected

toV-andS-ofthechanneltobetested.Thesourceissetto-5Vand

increasedin-0.5Vstepsuntilthechanneloutput(asmeasuredwithan

Agilent3458Amultimeter)stopsincreasing.Ifthechannelminimumoutput

is≤-15V,thetestpasses.

Equipment Setup ConnecttheDCsource(Datron4708withOption10)andAgilent3458A

multimetertoChannel1asshowninFigure4-1.(Besuretosetallthree

jumpersonthechanneltotheVposition.)SettheDCsourceoutputto+5.0

Vdc.SettheAgilent3458AtoDCVfunctionandsetNPLC100.
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NOTE For best measurement accuracy, perform an Agilent 3458A multimeter

ACAL    not more than 24 hours prior to these tests.

 Test Procedure

(Positive Voltage

Compliance)
1.SetthreejumpersoneachchanneltotheVposition

2.ConnectDCSourceandAgilent3458AtoChannel1(seeFigure4-1)

3.Setnon-calmodeonChannel1withCAL1:STATOFF

4.SetChannel1tomaxvoltageoutput(+12V)withVOLT1MAX

5.SetDCsourceto+5Vandmeasurechanneloutput(inV)

6.IncreaseDCsourceoutputby+0.5Vandmeasurenewchanneloutput

(inV)

7.Repeatstep6untilchanneloutputstopsincreasing.Iftheoutputvoltage

is≥+15.0Vwhentheoutputstopsincreasing,thetestpasses.

8.Repeatsteps2through7forChannels2,3,and4(useCALchan:STAT

OFFandVOLTchanMAX)

9.Removepoweranddisconnecttestequipment

Figure4-1.  Voltage Compliance Test Connections
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Test Procedure

(Negative Voltage

Compliance)
1.SetthreejumpersoneachchanneltotheVposition

2.ConnectDCSourceandAgilent3458AtoChannel1(seeFigure4-1)

3.Setnon-calmodeonChannel1withCAL1:STATOFF

4.SetChannel1tominvoltageoutput(-12V)withVOLT1MIN

5.SetDCsourceto-5Vandmeasurechanneloutput(inV)

6.IncreaseDCsourceoutputby-0.5Vandmeasurenewchanneloutput

(inV)

7.Repeatstep6untilchanneloutputstopsincreasing.Iftheoutput

voltageis≤-15.0Vwhentheoutputstopsincreasing,thetestpasses.

8.Repeatsteps2through7forChannels2,3,and4(useCALchan:

STATOFFandVOLTchanMIN)

9.Removepoweranddisconnecttestequipment

Example: Positive

Voltage Compliance

ThisprogramcheckstheMEASUREDvoltageoutputfromtheDAC

channelbeingtested.Ifthemeasuredchanneloutputis≥15.0Vwhenthe

outputstopsincreasing,theprogramgeneratesa"testPASSED"indication.

Ifthemeasuredchanneloutputis<15.0Vwhentheoutputstopsincreasing,

theprogramgeneratesa"testFAILED"indication.

NOTE To use this program for negative voltage compliance tests, change the

indicated lines as shown:

50    OUTPUT 70909;"VOLT"&VAL$(Chan)&" MIN" 
60    Source = -4.5 
90    Source = Source-.5 
180  IF Value  <= -15 THEN Pass$ = "PASSED" 
190  IF Value  > -15 THEN Pass$ = "FAILED"

Chapter 4 Verification Tests 23

www.valuetronics.com



10    ! Positive Voltage Compliance Tests 
20    ! 
30    FOR Chan = 1 TO 4 
40     OUTPUT 70909;"CAL"&VAL$(Chan)&":STAT OFF" 
50     OUTPUT 70909;"VOLT"&VAL$(Chan)&" MAX" 
60     Source = 4.5 
70     REPEAT 
80       PRINT TABXY(1,1),"Voltage Compliance Tests on Channel";Chan
90       Source = Source + .5 
100     Old_value = Value 
110     PRINT TABXY(4,9),"Set source to ";Source;"Volts DC " 
120     PRINT TABXY(4,10),"Measure channel output (in V) " 
130     INPUT " Enter channel output (in V) ",Value 
140     PRINT TABXY(4,5),"DC Source value = ";Source;"VDC " 
150     PRINT TABXY(4,6),"Channel";Chan;"output = ";Value;"VDC   "
160     Result = Value-Old _value 
170   UNTIL Result = 0 
180   IF Value >= 15 THEN Pass$ = "PASSED" 
190   IF Value < 15 THEN Pass$ = "FAlLED" 
200   CLEAR SCREEN 
210   PRINT TABXY(1,8),"Maximum Channel";Chan;"output =
";Value;"Volts" 
220   PRINT TABXY(1,9),"Test ";Pass$;" for Channel";Chan 
230   DISP " Press Continue for next channel" 
240   PAUSE 
250   CLEAR SCREEN 
260  NEXT Chan 
270  END

Current

Compliance

Tests

ThesetestsmeasurethecurrentcomplianceoneachchanneloftheDAC.

Positive Current Compliance Tests

Forpositivecurrentcompliancetests,eachchanneltobetestedissetfor

UNCALIBRATEDMAXcurrentoutput(+24mA).ADCsourceand

Agilent3458Aareconnectedtothechanneltobetested.Thesourceissetto

+12Vandincreasedin+0.5Vstepsuntilthechanneloutputdecreasesto

90%ofthemaximumcurrentvalue(decreasesto+21.6mA).IftheDC

SOURCEvoltageis≥+13Vwhenthechanneloutputdecreasesto90%of

maximumcurrentthetestpasses.
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Negative Current Compliance Tests

Fornegativecurrentcompliancetestseachchanneltobetestedissetfor

UNCALIBRATEDMINcurrentoutput(-24mA).ADCsourceand

Agilent3458Aareconnectedtothechanneltobetested.Thesourceissetto

-12Vandincreasedin-0.5Vstepsuntilthechanneloutputdecreasesto90%

ofthemaximumcurrentvalue(decreasesto-21.6mA).IftheDCSOURCE

voltageis≤-13Vwhenthechanneloutputdecreasesto90%ofmaximum

current,thetestpasses.

Equipment Setup ConnecttheDCsource(Datron4708withOption10)andAgilent3458A

multimetertoChannel1asshowninFigure4-2.(Besuretosetallthree

channeljumperstotheIposition.)Then,settheDCsourceoutputto

+12.0Vdc.SettheAgilent3458AtoDCIfunctionandsetNPLC100.

NOTE For best measurement accuracy, perform an Agilent 3458A multimeter

ACAL not more than 24 hours prior to these tests.

Figure 4-2.  Current Compliance Test Connections
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Test Procedure

(Positive Current

Compliance)
1.SetthreejumpersoneachchanneltotheIposition

2.ConnectsourceandAgilent3458AtoChannel1(seeFigure4-2)

3.Setnon-calmodeonChannel1withCAL1:STATOFF

4.SetChannel1maxoutput(+24mA)withCURR1MAX

5.SetDCsourceto+12.0Vandmeasurechanneloutput(inmA)

6.IncreaseDCsourceoutputby+0.5Vandmeasurechanneloutput(inmA)

7.Repeatstep6untilchanneloutputis90%ofmax(21.6mA).Ifthe

SOURCEvoltageis≥13.0Vwhentheoutputdecreasesto90%ofmax,the

testpasses.

8.Repeatsteps2through7forChannels2,3,and4.(UseCALchan:STAT

OFFandCURRchanMAX.)

9.Removepoweranddisconnecttestequipment

Test Procedure

(Negative Current

Compliance)
1.SetthreejumpersoneachchanneltotheIposition

2.ConnectsourceandAgilent3458AtoChannel1(seeFigure4-2)

3.Setnon-calmodeonChannel1withCAL1:STATOFF

4.SetChannel1mincurrentoutput(-24mA)withCURR1MIN

5.SetDCsourceto-12.0Vandmeasurechanneloutput(inmA)

6.IncreaseDCsourceoutputby-0.5Vandmeasurechanneloutput(inmA)

7.Repeatstep6untilchanneloutputis90%ofmin(-21.6mA).Ifthe

SOURCEvoltageis≤-13.0Vwhentheoutputdecreasesto90%ofmin,the

testpasses.

8.Repeatsteps2through7forChannels2,3,and4(useCALchan:STAT

OFFandCURRchanMIN)
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9.Removepoweranddisconnecttestequipment

Example: Positive

Current Compliance

ThisprogramcheckstheMEASUREDcurrentoutputfromtheDAC

channelbeingtested.IftheDCSOURCEvoltageis≥13.0Vwhenthe

outputcurrentdropsto90%ofmaximumcurrent,theprogramgeneratesa

"testPASSED"indication.IftheDCSOURCEvoltageis<13.0Vwhenthe

outputcurrentdropsto90%ofmaximumcurrent,theprogramgeneratesa

"testFAILED"indication.

NOTE To use this program for negative current compliance tests, change the

indicated lines as shown:

50    OUTPUT 70909;"CURR"&VAL$(Chan)&" MIN" 
60    Source = -11.5 
90    Source = Source-.5 
180  IF Source <= -13.0 THEN Tst$="PASSED" 
190  IF Source > -13.0 THEN Tst$ ="FAILED"

10    ! Current Compliance Tests 
20    !
30    FOR Chan = 1 TO 4 
40     OUTPUT 70909;"CAL"&VAL$(Chan)&":STAT OFF" 
50     OUTPUT 70909;"CURR"&VAL$(Chan)&" MAX" 
60     Source = 11.5 
70     REPEAT 
80        PRINT TABXY(1,1),"Current Compliance Tests on Channel";Chan 
90       Source = Source + .5 
100     PRINT TABXY(4,10),"Set DC source to ";Source;"Volts DC " 
110     PRINT TABXY(4,11),"Measure channel output (in mA)" 
120     INPUT " Enter channel output (in mA) ",Value 
130     Result = ABS(100*Value/24.0) 
140     PRINT TABXY(4,5),"DC Source value = ";Source;"VDC " 
150     PRINT TABXY(4,6),"Channel";Chan;"output = ";Value;"mA" 
160     PRINT TABXY(4,7),"Output = ";Result;"% of max value " 
170   UNTIL Result <= 90.0 
180   IF Source  >= 13.0 THEN Tst$ = "PASSED" 
190   IF Source < 13.0 THEN Tst$ = "FAILED" 
200   CLEAR SCREEN 
210   PRINT TABXY(4,14),"DC Source value for output 90% of max =
";Source;"VDC" 
220   PRINT TABXY(4,15),"Test ";Tst$;" for Channel";Chan 
230  NEXT Chan 
240  END
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Operation
Verification
Tests

Operationverificationtestsobjectivesaretoinstillahighdegreeof
confidencethattheAgilentE1328A4-ChannelD/AConverterismeeting
selectedspecificationsfromthoselistedinAppendix A - Specificationsin
theAgilent E1328A User’s Manual.

Operationverificationtestscanbeusedinapplicationssuchasincoming

inspectionandafterAgilentE1328Arepair.Toperformoperation

verificationtests,dothepartsoftheperformanceverificationtestsshownin

Table4-1.SeePerformanceVerificationTestsfordetailsonthetest

procedures.

NOTE For best results, perform an ACAL on the Agilent 3458A multimeter not

more than 24 hours prior to performing the operation verification tests.

If the operation verification test FAILS on any channel, you may want to

perform the Voltage Adjustment and/or Current Adjustment procedures in

Chapter 5 - Adjustments and then rerun the operation verification tests.

Table 4-1. Agilent E1328A DAC Operation Verification Tests

For this test: Make these measurements:

Voltage Accuracy -10V, 0V, +10V

Current Accuracy -20 mA, 0 mA, +20 mA
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Performance
Verification
Tests

Performanceverificationtestsobjectivesaretoinstillahighdegreeof
confidencethattheAgilentE1328A4-ChannelD/AConverter(DAC)is
meetingthespecificationslistedinAppendix A - Specificationsofthe
Agilent E1328A User’s Manual.Performanceverificationtestsarerequired
wheneveracalibrationisrequired.TheAgilentE1328ADACperformance
verificationtestsare:

• VoltageAccuracyMeasurements

• CurrentAccuracyMeasurements

NOTE For best results you should ACAL the Agilent 3458A multimeter not more

than 24 hours prior to the tests.  If a DAC channel does not pass the

performance tests, you may want to do the Voltage Adjustment and/or

Current Adjustment (see Chapter 5 - Adjustments) and then rerun the

performance verification tests.

Voltage Accuracy

Measurements Test

ThistestchecksvoltageoutputaccuracyonChannels1,2,3,and4ofthe

DAC.Thevoltageoutputlevelscheckedare:-10V,-8V,-5V,-2V,0V,

+2V,+5V,+8V,and+10V.

Equipment setup ConnecttheequipmentasshowninFigure4-3.Besurethethreejumpersin

eachDACchannelaresettotheV(voltage)position.Then,settheAgilent

3458AtoDCVfunctionandsetNPLC100.

Figure 4-3.  Voltage Accuracy Measurements Connections
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NOTE The value of 1 kΩ  in Figure 4-3 is the factory value used for original

measurements. If you previously calibrated your DAC with a different

resistance value, use that resistance value rather than 1 kΩ .

Test Procedure 1.SetthreejumpersoneachchanneltotheVposition

2.ConnectAgilent3458Aand1kΩresistortoChannel1(seeFigure

4-3)

3.SetAgilentE1328ADACtodefaultwith*RST

4.SetChannel1tocalibratedmodewithCAL1:STATON

5.Output-10VonChannel1withVOLT1-10.0000

6.MeasureChannel1outputvoltagewithAgilent3458Aandcompare

withlimitsinTable4-2

7.Repeatsteps5and6for-8V,-5V,-2V,0V,+2V,+5V,+8V,and

+10V

8.Repeatsteps2through7forChannels2,3,and4(use

CALchan:STATONandVOLTchanvalue)

9.Removepoweranddisconnecttestequipment

Example: Voltage
Accuracy

Measurements

ThisprogramcheckstheMEASUREDoutputvoltageoneachDAC

channelandcomparestheresultwiththe1-yearaccuracyspecificationsfor

theDAC(seeAppendix A - Calculating D/A Converter Accuracyfora

discussionofDACaccuracy).

10     ! Voltage Accuracy Measurements Test 
20     ! 
30     OPTION BASE 1 
40     DIM Volts(4,9) 
50     DATA -10,-8,-5,-2,0,2,5,8,10 
60     DATA -10,-8,-5,-2,0,2,5,8,10 
70     DATA -10,-8,-5,-2,0,2,5,8,10 
80     DATA -10,-8,-5,-2,0,2,5,8,10 
90     READ Volts(*) 
100   OUTPUT 70909;"*RST" 
110   FOR Chan = 1 TO 4 
120     FOR I = 1 TO 9 
130       OUTPUT 70909;"VOLT"&VAL$(Chan)&" ";Volts(Chan,I) 
140       PRINT TABXY(1,2),"Voltage Accuracy Measurements on Channel
";Chan 
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150       PRINT TABXY(1,10),"New voltage output on Channel";Chan;" =
":Volts(Chan,I);"V "
160       PRINT 
170       INPUT " Enter MEASURED voltage value (in V) ",Meas(Chan,I) 
180       GOSUB Accuracy 
190 Accuracy: ! 
200       Acc(Chan,I) = .0035*ABS(Volts(Chan,I)) + .11334 
210       Llim(Chan,I) = Volts(Chan,I) - Acc(Chan,I) 
220       Ulim(Chan,I) = Volts(Chan,I) + Acc(Chan,I) 
230        IF Meas(Chan,I) < Llim(Chan,I) OR Meas(Chan,I) > Ulim(Chan,I)
THEN 
240         PRINT TABXY(1,9),"Test FAILED on Channel";Chan;"for
";Volts(Chan,I);"V" 
250       ELSE 
260         PRINT TABXY(1,9),"Test PASSED on Channel";Chan;"for
";Volts(Chan,I);"V " 
270       END IF 
280     NEXT I 
290   NEXT Chan 
300   PRINT TABXY(1,18) ,"Voltage Accuracy Tests Complete" 
310   END

Counter Accuracy

Measurements Test

ThistestcheckscurrentoutputaccuracyonChannels1,2,3,and4ofthe

DAC.Thecurrentoutputlevelscheckedare:-20mA,-16mA,-10mA,-4

mA,0mA,4mA,10mA,16mA,and20mA.

Equipment Setup ConnecttheequipmentasshowninFigure4-4.Besurethethreejumpers

ineachDACchannelaresettotheI(current)position.Then,setthe

Agilent3458AtoDCIfunctionandsetNPLC100.

Figure 4-4.  Current Measurement Accuracy Connections
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NOTE The value of 500 Ω  in Figure 4-4 is the factory value used for original

measurements. If you previously calibrated your DAC with a different

resistance value, use that resistance value rather than 500 Ω .

Test Procedure 1.SetthreejumpersoneachchanneltotheIposition

2.ConnectAgilent3458Aand500ΩresistortoChannel1(seeFigure

4-4)

3.SetAgilentE1328ADACtodefaultwith*RST

4.SetChannel1tocalibratedmodewithCAL1:STATON

5.Output-20mAonChannel1withCURR1-.02000

6.MeasureChannel1outputcurrentwithAgilent3458Aandcompare

with limitsinTable4-2

7.Repeatsteps5and6for-16mA,-10mA,-4mA,0mA,4mA,10

mA.,16mA,and20mA

8.Repeatsteps2through7forChannels2,3,and4(useCALchan:

STATONandCURRchanvalue)

9.Removepoweranddisconnecttestequipment

Example: Current
Accuracy

Measurements 

ThisprogramcheckstheMEASUREDoutputcurrentoneachDACchannel

andcomparestheresultwiththe1-yearaccuracyspecificationsfortheDAC

(SeeAppendix A - Calculating D/A Converter Accuracyforadiscussionof

DACaccuracy).

10     ! Current Accuracy Measurements Test 
20     ! 
30     OPTION BASE 1 
40     DIM Amps(4,9) 
50     DATA -.02,-.016,-.01,-.004,0,.004,.01,.016,.02 
60     DATA -.02,-.016,-.01,-.004,0,.004,.01,.016,.02 
70     DATA -.02,-.016,-.01,-.004,0,.004,.01,.016,.02 
80     DATA -.02,-.016,-.01,-.004,0,.004,.01,.016,.02 
90     READ Amps(*) 
100   OUTPUT 70909;"*RST" 
110   FOR Chan = 1 TO 4 
120     FOR l=1 TO 9 
130       OUTPUT 70909;"CURR"&VAL$(Chan)&" ";Amps(Chan,I) 
140       PRINT TABXY(1,2)," Current Accuracy Measurements on Channel
";Chan 
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150       PRINT TABXY(1,10),"New current output on Channel";Chan;" =
";Amps(Chan,I)*1.E + 3;"mA "
160       INPUT " Enter MEASURED current value (in mA) ",Meas(Chan,I)
170      GOSUB Accuracy 
180 Accuracy: ! 
190       Acc(Chan,I) = .0035*ABS(Amps(Chan,I)) + 2.2665E-4 
200       Llim(Chan,I) = Amps(Chan,I) - Acc(Chan,I) 
210       Ulim(Chan,I) = Amps(Chan,I) + Acc(Chan,I) 
220       IF Meas(Chan,I)*1.E-3 < (Chan,I) OR Meas(Chan,I)*1.E-3 >
Ulim(Chan,I) THEN 
230         PRINT TABXY(1,9),"Test FAILED on Channel";Chan;"for
";Amps(Chan,I)*1.E + 3;"mA " 
240       ELSE 
250         PRINT TABXY(1,9),"Test PASSED on Channel";Chan;"for
";Amps(Chan,I)*1.E + 3;"mA " 
260       END IF 
270     NEXT I 
280   NEXT Chan 
290   PRINT TABXY(1,18),"Current Accuracy Tests Complete" 
300   END

Performance
Test Record

Table4-2,Performance Test Record for the Agilent E1328A DAC,canbe
usedtorecordtheresultsofeachOperationVerificationandPerformance
VerificationtestfortheAgilentE1328ADAC(thisrecordcanbecopiedif
desired).TherecordincludestheDACupperandlowerlimits,Agilent
3458Ameasurementuncertainty,andtheTestAccuracyRatio(TAR)for
thetest.

ThevaluesforDACaccuracy,Agilent3458Ameasurementuncertaintyand

TARinTable4-2assumethefollowingconditions.Ifyourtestconditions

differfromtheseconditions,youwillneedtocomputetheappropriate

values.

• CalibrationONstate(CALx:STATON)foreachchannel

• 1kΩloadforvoltageaccuracymeasurements

• 500Ωloadforcurrentaccuracymeasurements

• TesttempASSUMEDtobe±5°Cdifferentthancaltemp

• 1-yearspecificationsforDACaccuracy

• 1-yearspecificationsforAgilent3458Ameasuncertainty

NOTE For the conditions listed, all Test Accuracy Ratios (TARs) exceed 4:1
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Table 4-2.  Performance Test Record for the Agilent E1328A DAC (Page 1 of 3)

Test Facility:

Name   _____________________________________

Address _____________________________________

City/State ___________________________________

Phone  _____________________________________

Report No.  __________________________________

Date _______________________________________

Customer  ___________________________________

Tested   by __________________________________

Special Notes:

____________________________________________________________________________________________
 
____________________________________________________________________________________________

____________________________________________________________________________________________ 

____________________________________________________________________________________________ 

____________________________________________________________________________________________ 

____________________________________________________________________________________________ 

Test Equipment Record

Model   ___________________________   Report No. ____________________  Date  ______________________ 

Test Equipment Used:
Description Model No. Trace No. Cal Due Date

1.   _______________________________

2.   _______________________________

3.   _______________________________

4.   _______________________________

5.   _______________________________

6.   _______________________________

7.   _______________________________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________

______________
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Table 4-2.  Performance Test Record for the Agilent E1328A DAC (Page 2 of 3)

Voltage Accuracy Measurements*

Ch Output
Value  (V)

Low
Limit (V)

Measured Value
(V)

High
Limit (V)

Measurement
Uncertainty (µV)

Test Acc
Ratio (TAR)

1
1
1
1
1
1
1
1
1

-10.00000
-8.00000
-5.00000
-2.00000
0.00000

+2.00000
+5.00000
+8.00000

+10.00000

-10.14833
-8.14134
-5.13084
-2.12033
-.11334

+1.87967
+4.86916
+7.85867
+9.85167

__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________

-9.85167
-7.85867
-4.86916
-1.87967
+.11334

+2.12033
+5.13084
+8.14134

+10.14833

103.60
83.30
52.85
22.40
2.10

22.40
52.85
83.30

103.60

>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1

2
2
2
2
2
2
2
2
2

-10.00000
-8.00000
-5.00000
-2.00000
0.00000

+2.00000
+5.00000
+8.00000

+10.00000

-10.14833
-8.14134
-5.13084
-2.12033
-.11334

+1.87967
+4.86916
+7.85867
+9.85167

__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________

-9.85167
-7.85867
-4.86916
-1.87967
+.11334

+2.12033
+5.13084
+8.14134

+10.14833

103.60
83.30
52.85
22.40
2.10

22.40
52.85
83.30

103.60

>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1

3
3
3
3
3
3
3
3
3

-10.00000
-8.00000
-5.00000
-2.00000
0.00000

+2.00000
+5.00000
+8.00000

+10.00000

-10.14833
-8.14134
-5.13084
-2.12033
-.11334

+1.87967
+4.86916
+7.85867
+9.85167

__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________

-9.85167
-7.85867
-4.86916
-1.87967
+.11334

+2.12033
+5.13084
+8.14134

+10.14833

103.60
83.30
52.85
22.40
2.10

22.40
52.85
83.30

103.60

>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1

4
4
4
4
4
4
4
4
4

-10.00000
-8.00000
-5.00000
-2.00000
0.00000

+2.00000
+5.00000
+8.00000

+10.00000

-10.14833
-8.14134
-5.13084
-2.12033
-.11334

+1.87967
+4.86916
+7.85867
+9.85167

__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________
__________________

-9.85167
-7.85867
-4.86916
-1.87967
+.11334

+2.12033
+5.13084
+8.14134

+10.14833

103.60
83.30
52.85
22.40
2.10

22.40
52.85
83.30

103.60

>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1

*1-yearDACandAgilent3458Aspecifications

±5°Ctempdifferencefromcaltemperature

Agilent3458AACALwithinprevious24-hours
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Table 4-2.  Performance Test Record for the Agilent E1328A DAC (Page 3 of 3)

Current Accuracy Measurements*

Ch Output
Value (mA)

Low Limit
(mA)

Measured Value
(mA)

High Limit
(mA)

Meas Uncert

(µA)

Test Acc
Ratio (TAR)

1
1
1
1
1
1
1
1
1

-20.00000
-16.00000
-10.00000
-4.00000
0.00000

+4.00000
+10.00000
+16.00000
+20.00000

-20.29665
-16.28265
-10.26165
-4.24065
-.22665

+3.75935
+9.73835

+15.71735
+19.70335

________________
________________
________________
________________
________________
________________
________________
________________
________________

-19.70335
-15.71735
-9.73835
-3.75935
+.22665

+4.24065
+10.26165
+16.28265
+20.29665

1.440
1.272
.330
.168
.060
.168
.330

1.272
1.440

>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1

2
2
2
2
2
2
2
2
2

-20.00000
-16.00000
-10.00000
-4.00000
0.00000

+4.00000
+10.00000
+16.00000
+20.00000

-20.29665
-16.28265
-10.26165
-4.24065
-.22665

+3.75935
+9.73835

+15.71735
+19.70335

________________
________________
________________
________________
________________
________________
________________
________________
________________

-19.70335
-15.71735
-9.73835
-3.75935
+.22665

+4.24065
+10.26165
+16.28265
+20.29665

1.440
1.272
.330
.168
.060
.168
.330

1.272
1.440

>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1

3
3
3
3
3
3
3
3
3

-20.00000
-16.00000
-10.00000
-4.00000
0.00000

+4.00000
+10.00000
+16.00000
+20.00000

-20.29665
-16.28265
-10.26165
-4.24065
-.22665

+3.75935
+9.73835

+15.71735
+19.70335

________________
________________
________________
________________
________________
________________
________________
________________
________________

-19.70335
-15.71735
-9.73835
-3.75935
+.22665

+4.24065
+10.26165
+16.28265
+20.29665

1.440
1.272
.330
.168
.060
.168
.330

1.272
1.440

>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1

4
4
4
4
4
4
4
4
4

-20.00000
-16.00000
-10.00000
-4.00000
0.00000

+4.00000
+10.00000
+16.00000
+20.00000

-20.29665
-16.28265
-10.26165
-4.24065
-.22665

+3.75935
+9.73835

+15.71735
+19.70335

________________
________________
________________
________________
________________
________________
________________
________________
________________

-19.70335
-15.71735
-9.73835
-3.75935
+.22665

+4.24065
+10.26165
+16.28265
+20.29665

1.440
1.272
.330
.168
.060
.168
.330

1.272
1.440

>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1
>10:1

*1-yearDACandAgilent3458Aspecifications

±5°Ctempdifferencefromcaltemperature

Agilent3458AACALwithinprevious24-hours
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Chapter 5

Adjustments

Introduction ThischaptercontainsprocedurestoadjusttheAgilentE1328AD/A

Converter(DAC),includingvoltageadjustmentsandcurrentadjustments.

TheDACshouldbeadjustedafterrepairtoensurepeakperformance.

EquipmentrequiredfortheadjustmentproceduresislistedinTable1-2,

Recommended Test Equipment.

Beforeperformingadjustments,theDACmusthaveaminimum60-minute

warmupandthelinevoltagemustbe115/230Vac±10%.Forbest

accuracy,thetestareatemperatureshouldbebetween18°Cand28°C,and

stableto±1°C.

WARNING Do not perform any of the following adjustments unless you are
a qualified, service trained person and have read the
WARNINGS and CAUTIONS in Chapter 1.

Voltage
Adjustments

ThisadjustmentisusedtoupdatethestoredvoltageconstantsforeachDAC
channel,andshouldbeperfomed:

• Oninitialsetup

• Periodically(24hoursor90days)tomaintainspecifiedoutputaccuracy
(seeAppendix A - SpecificationsoftheAgilent E1328A User’s Manual)

• Whentemperaturehaschangedmorethan±5°Cfromlastadjustment
temperature

• Whenthetypeofloadischanged

• Anytimeaccuracyisindoubt

Chapter 5 Adjustments 37

www.valuetronics.com



NOTE For best measurement accuracy, perform an Agilent 3458A multimeter

ACAL not more than 24 hours prior to these adjustments.  Each DAC

channel to be adjusted MUST be in the non-calibrated mode (CALx:STAT

OFF), or errors in the adjustment constants will occur.

Equipment Setup Connecta1kΩresistorandAgilent3458Amultimetertothechanneltobe

adjusted,asshowninfigure5-1.Besuretosetallthreechanneljumpersto

theV(voltage)position.SettheAgilent3458AtoDCVfunctionandset

NPLC100.

NOTE The value of 1 kΩ  in Figure 5-1 is the factory value used for original

adjustments.  If you previously adjusted your DAC with a different

resistance value, use that resistance value rather than 1 kΩ .

Figure 5-5. Voltage Adjustment Connections
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Adjustment

Procedures 1. SetthreejumpersonChannel1totheVposition.
2. Connecta1kΩresistorandAgilent3458AtoChannel1(see

Figure5-1).
3. SetChannel1tonon-calibratedmodewithCAL1:STATOFF.
4. SetChannel1tominimumoutput(-12V)withVOLT1MIN.

Measureandrecordto51/2digitstheactualoutputvoltage.
5. SetChannel1todefaultoutput(0V)withVOLT1DEF.Measure

andrecordto51/2digitstheactualoutputvoltage.
6. SetChannel1tomaximumoutput(+12V)withVOLT1MAX.

Measureandrecordto51/2digitstheactualoutputvoltage.
7. Enterrecordedminimum,default,andmaximumvalueswith

CAL1:VOLTmin,def,max.Theadjustmentconstantsare

automaticallyupdatedandstored.
8. Repeatsteps1through7forchannels2,3,and4asdesired(use

CALchan:STATOFF,VOLTchanvalue,andCALchan:VOLT

values).
9. Removepoweranddisconnectpowerequipment.

Example: Voltage

Adjustments

Thisprogramusesthemeasuredminimum,default,andmaximumvalues

youentertoupdatethevoltageadjustmentconstantsforChannels1,2,3,

and4.

10    ! Voltage Adjustments
20    !
30    DISP CHR$(129)
40    FOR Chan= 1 TO 4
50     PRINT TABXY(1,1),"Voltage Adjustments on Channel";Chan
60     OUTPUT 70909;"CAL"&VAL$(Chan)&":STAT OFF"
70     OUTPUT 70909;"VOLT"&VAL$(Chan)&" MIN"
80     PRINT TABXY(1,18),"Channel";Chan;"is set to minimum (-12V)"
90     INPUT "Enter measured value (in V to 5.5 digits) ",Min
100   OUTPUT 70909;"VOLT"&VAL$(Chan)&" DEF"
110   PRINT TABXY(1,18),"Channel";Chan;"is set to default (0V) "
120   INPUT "Enter measured value (in V to 5.5 digits) ",Def
130   OUTPUT 70909;"VOLT"&VAL$(Chan)&" MAX"
140   PRINT TABXY(1,18),"Channel";Chan;"is set to maximum (+12V)"
150   INPUT "Enter measured value (in V to 5.5 digits) ",Max
160   OUTPUT 70909;"CAL"&VAL$(Chan)&":VOLT ";Min,Def,Max
170  NEXT Chan
180  CLEAR SCREEN
190  PRINT "Voltage Adjustments Complete"
200  END
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Current
Adjustments

ThisadjustmentisusedtoupdatethestoredcurrentconstantsforeachDAC
channel,andshouldbeperformed:

• Oninitialsetup

• Periodically(24hoursor90days)tomaintainspecifiedoutputaccuracy
(seeAppendix A - SpecificationsoftheAgilent E1328A User’s Manual)

• Whentemperaturehaschangedmorethan±5°Cfromlastadjustment
temperature

• Whenthetypeofloadischanged

• Anytimeaccuracyisindoubt

NOTE For best measurement accuracy, perform an Agilent 3458A multimeter

ACAL not more than 24 hours prior to these adjustments.  Each DAC

channel to be adjusted MUST be in the non-calibrated mode (CALx:STAT

OFF), or errors in the adjustment constants will occur.

Equipment Setup ConnecttheAgilent3458Amultimeteranda500Ωresistortothechannel

tobeadjusted,asshowninFigure5-2.Besuretosetallthreechannel

jumperstotheI(current)position.SettheAgilent3458AtoDCIfunction

andsetNPLC100.

Figure 5-6.  Current Adjustment Connections
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NOTE The value of 500 Ω  in Figure 5-2 is the factory value used for original

adjustments.  If you previously adjusted your DAC with a different

resistance value, use that resistance value rather than 500 Ω .

Adjustment

Procedures 1. SetthreejumpersonChannel1totheIposition.
2. Connecta500ΩresistorandAgilent3458AtoChannel1(see

Figure5-2).
3. SetChannel1tonon-calibratedmodewithCAL1:STATOFF.
4. SetChannel1tominimumoutput(-.024A)withCURR1MIN.

Measureandrecordto51/2digitstheactualoutputcurrent(in

Amps).
5. SetChannel1todefaultoutput(0A)withCURR1DEF.Measure

andrecordto51/2digitstheactualoutputcurrent(inAmps).
6. SetChannel1tomaximumoutput(+.024A)withCURR1MAX.

Measureandrecordto51/2digitstheactualoutputcurrent(in

Amps).
7. Enterrecordedminimum,default,andmaximumvalueswith

CAL1:CURRmin,def,max.Theadjustmentconstantsare

automaticallyupdatedandstored.
8. Repeatsteps1through7forchannels2,3,and4asdesired(use

CALchan:STATOFF,CURRchanvalue,andCALchan:CURR

values).
9. Removepoweranddisconnectpowerequipment.

Example: Current

Adjustments

Thisprogramusesthemeasuredminimum,default,andmaximumvalues

youentertoupdatethecurrentadjustmentconstantsforChannels1,2,3,

and4.

10    ! Current Adjustments
20    !
30    DISP CHR$(129)
40    FOR Chan= 1 TO 4
50     PRINT TABXY(1,1),"Current Adjustments on Channel";Chan
60     OUTPUT 70909;"CAL"&VAL$(Chan)&":STAT OFF"
70     OUTPUT 70909;"CURR"&VAL$(Chan)&" MIN"
80     PRINT TABXY(1,18),"Channel";Chan;"is set to minimum (-.024 A)"
90     INPUT "Enter measured value (in A to 5.5 digits) ",Min
100   OUTPUT 70909;"CURR"&VAL$(Chan)&" DEF"
110   PRINT TABXY(1,18),"Channel";Chan;"is set to default (0 A) "
120   INPUT "Enter measured value (in A to 5.5 digits) ",Def
130   OUTPUT 70909;"CURR"&VAL$(Chan)&" MAX"
140   PRINT TABXY(1,18),"Channel";Chan;"is set to maximum (+.024 A)"
150   INPUT "Enter measured value (in A to 5.5 digits) ",Max

Chapter 5 Adjustments 41

www.valuetronics.com



160   OUTPUT 70909;"CAL"&VAL$(Chan)&":CURR ";Min,Def,Max
170  NEXT Chan
180  CLEAR SCREEN
190  PRINT "Current Adjustments Complete"
200  END
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Chapter 6

Replaceable Parts

Introduction ThischaptercontainsinformationtoorderreplaceablepartsfortheAgilent

E1328AD/AConverter.

Exchange

Assemblies

Table6-1listsassembliesthatmaybereplacedonanexchangebasis

(EXCHANGEASSEMBLIES).Exchange,factory-repaired,andtested

assembliesareavailableonlyonatrade-inbasis.Defectiveassemblies

mustbereturnedforcredit.Assembliesrequiredforsparepartsstock

mustbeorderedbythenewassemblypartnumber.Contactyournearest

AgilentTechnologiesSalesandServiceOfficefordetails.

Ordering

Information

ToorderapartlistedinTable6-1,specifytheAgilentTechnologiespart

numberandthequantityrequired.SendtheordertoyournearestAgilent

TechnologiesSalesandServiceOffice.
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Replaceable
Parts List

Table6-1,Agilent E1328A Replaceable Parts,liststhereplaceablepartsfor
theAgilentE1328AD/AConverter.SeeFigure6-1(page6-4)forlocations
ofpartslistedinTable6-1.

Table 6-1. Agilent E1328A Replaceable Parts

Reference*
Designator

Agilent Part
Number

Qty Description Mfr**
Code

Mfr Part Number

E1328-66201

E1328-69201

1

1

EXCHANGE ASSEMBLIES

4-CHAN D/A CONVERTER (NEW)

4-CHAN D/A CONVERTER (EXCH)

28480

28480

E1328-66201

E1328-69201

A1 E1328-66501 1 PRINTED CIRCUIT ASSY [a] 28480 E1328-66501

A1BRK1

A1BRK2

0500-2183

0361-1295

0500-2183

0361-1295

2

2

BRACKET-RIGHT ANGLE,MTG;PNL-PCB

RIVET-SEMITUBULAR .095 DIA .406 LNG

BRACKET-RIGHT ANGLE,MTG;PNL-PCB

RIVET-SEMITUBULAR .095 DIA .406 LNG

28480

00000

28480

00000

0050-2183

ORDER BY DESCRIP

0050-2183

ORDER BY DESCRIP

A1F1-2 2110-0712 2 FUSE-SUBMINIATURE 4A 125V NTD AX 75915 R251004T1

A1J101

A1J102

A1J103

A1J201

A1J202

A1J203

A1J301

A1J302

A1J303

A1J401

A1J402

A1J403

1251-4682

1251-4682

1251-4682

1251-4682

1251-4682

1251-4682

1251-4682

1251-4682

1251-4682

1251-4682

1251-4682

1251-4682

12 CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

CONN-POST TYPE-.100-PIN-SPCG 3-CONT

26742

26742

26742

26742

26742

26742

26742

26742

26742

26742

26742

26742

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

1102-1-103-02

A1P1

A1SW1

A1TB1

A1TB2

A1TB3

A1TB4

1252-1596

0361-1294

3101-3066

0360-2390

0360-2390

0360-2390

0360-2390

1

2

1

4

CONN-POST-TYPE;2.54-PIN-SPCG96-CONT

RIVET-SEMITUBULAR .095 DIA .328 LNG

SWITCH-DIP RKR SPST 0.1A 5VDC

TERMINAL BLOCK 4POS. SCREW TYPE

TERMINAL BLOCK 4POS. SCREW TYPE

TERMINAL BLOCK 4POS. SCREW TYPE

TERMINAL BLOCK 4POS. SCREW TYPE

06776

00000

81073

28480

28480

28480

28480

DIN-96CPC-SRI-TR

ORDER BY DESCRIP

76YY22968S

0360-2390

0360-2390

0360-2390

0360-2390

MP1

MP2

PNL1

SCR1-SCR2

SCR3-SCR4

SCR5-SCR6

SHD1

MNL1

E1300-45101†

E1300-45102†

E1328-00202†

0515-1968

0515-2140

0515-2743

E1300-80601

E1328-90004

1

1

1

2

2

2

1

1

MECHANICAL PARTS

HNDL-KIT TOP, Agilent

HNDL-KIT BTM, VXI

PNL-RR 4 CH DAC

SCR-THD-RLG M2.5 X0.45 14mm

SCR

SCR-FH M2.5 X 8 THREAD ROLLING

SHIELD SAFETY

MNL-USERS E1328A

28480

28480

28480

28480

28480

28480

28480

28480

E1300-45101

E1300-45102

E1328-00202

0515-1968

0515-2140

0515-2743

E1300-80601

E1328-90004

* See Table 6-2 for Reference Designator definitions.
** See Table 6-3 for Code List of Manufacturers
[a] Repair limited to replacement of parts listed - see Introduction for ordering information
†  These parts are not compatible with older version fixed handles or their corresponding front panels.  To replace one or
    more of these old parts, you must order all three new parts (Top and Bottom Handle Kits AND External Panel).
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 Table 6-2.  Agilent E1328A Reference Designators

Agilent E1328A Reference Designators

A .......................................... assembly
BRK ......................................... bracket
F ................................................... fuse
J ................ electrical connector (jack)
MNL ........................................ manual
MP .................. misc. mechanical part

P .............. electrical connector (plug)
PNL ............................................ panel
SCR ........................................... screw
SHD ........................................... shield
SW ............................................ switch
TB ................................. terminal block

                  Table 6-3. Agilent E1328A Code List of Manufacturers

Mfr

Code

Manufacturer Name Address

00000
06776
26742
28480
75915
81073 

Any satisfactory supplier
Robinson Nugent Inc
Methode Electronics, inc
Agilent Technologies
Littelfuse Inc
Grayhill Inc 

New Albany, IN  US  47150
Chicago, IL 60656
Palo Alto, CA  US  94304
Des Plaines, IL  US  60016
La Grange, IL  US  60525 
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Figure 6-7. Agilent E1328A DAC - Replaceable Parts
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Chapter 7

Manual Changes

Introduction Thischaptercontainsinformationtoadaptthismanualtoinstrumentsfor

whichthecontentdoesnotdirectlyapply.Sincethismanualapplies

directlytoinstrumentswithserialnumberslistedonthetitlepage,change

informationisnotrequired.SeeD/A Converter Serial NumbersinChapter

1forAgilentE1328AD/AConverterserialnumberinformation.
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Chapter 8

Service

Introduction ThischaptercontainsinformationtoservicetheAgilentE1328AD/A

Converter(DAC),includingtroubleshootingguidelinesand

repair/maintenanceguidelines.

WARNING Do not perform any of the service procedures shown unless
you are a qualified, service-trained person, and have read the
WARNINGS and CAUTIONS in Chapter 1.

Equipment

Required

EquipmentrequiredforDACtroubleshootingandrepairislistedinTable

1-2,Recommended Test Equipment.Toavoiddamagetothescrewhead

slots,usePozidriveorTorxdriversasrequired.

Service Aids Serviceaidsonprintedcircuitboardsincludepinnumbers,somereference

designations,andassemblypartnumbers.SeeChapter 6 - Replaceable

PartsfordescriptionsandlocationofAgilentE1328Areplaceableparts.

Servicenotes,manualupdates,andserviceliteraturefortheAgilent

E1328ADACmaybeavailablethroughAgilentTechnologies.For

information,contactyournearestAgilentTechnologiesSalesandService

Office.

Troubleshooting
Techniques

TherearetwomainstepstotroubleshootanAgilentE1328ADAC
problem:(1)identifytheproblem,and(2)testtheDACtoisolatethecause
toauser-replaceablecomponent.

Identifying the

Problem

DACproblemscanbedividedintofourgeneralcategories:

• Self-testerrors
• Operatorerrors
• Catastrophicfailures
• Performanceoutofspecification
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Self-Test Errors

Anerrornumber(-330)isreturnedwhentheDACself-testfails.Ifa

self-testerroroccurs,recyclepowerandrepeattheself-test.Iftheerror

repeats,see"TestingtheDAC"totroubleshoottheDAC.

 Operator Errors

ApparentfailuresmayresultfromoperatorerrorsinsendingSCPImessages

totheDAC.SeeChapter 5 - 4-Channel D/A Converter Command

Reference inthe Agilent E1328A User’s Manual forinformationon

possibleSCPIcommanderrors.

Catastrophic Failure

Ifacatastrophicfailureoccurs,see"TestingtheDAC"totroubleshootthe

DAC.

Performance Out of Specification 

IftheDACperformanceisoutofspecificationlimits,usetheadjustment

proceduresinChapter 5 - Adjustmentstocorrecttheproblem.

Iftheconditionrepeats,see"TestingtheDAC"totroubleshoottheDAC.

Testing the DAC Table8-1liststheerrormessagesassociatedwiththeDAC.Basedonthe

errorreturnedfromtheDAC,youcanusethetestsandchecksinTable8-2

toisolatetheproblemtoauserreplaceablepartontheDACrearpanelorto

theA1PCA.SeeFigure6-1inChapter 6 - Replaceable Parts forlocations

ofuser-replaceableparts.

NOTE If the problem cannot be traced to a user-replaceable part listed in Table

6-1, return the counter to Agilent Technologies for exchange.  See Chapter

6 - Replaceable Parts for procedures.
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             Table 8-1.  Agilent E1328A DAC Error Messages

No. Title PotentialCause(s)

-330
-240
-221

Self-Test Failure
Hardware Failure
Jumper Settings

Module malfunction
Module malfunction
Channel’s V/I jumper in incorrect position

2801 Channel 1 current
checksum error

Channel 1 stored adjustment constant
(current) is corrupted

2802 Channel 2 current
checksum error

Channel 2 stored adjustment constant
(current) is corrupted

2803 Channel 3 current
checksum error

Channel 3 stored adjustment constant
(current) is corrupted

2804 Channel 4 current
checksum error

Channel 4 stored adjustment constant
(current) is corrupted

2805 Channel 1 voltage
checksum error

Channel 1 stored adjustment constant
(voltage) is corrupted

2806 Channel 2 voltage
checksum error

Channel 2 stored adjustment constant
(voltage) is corrupted

2807 Channel 3 voltage
checksum error

Channel 3 stored adjustment constant
(voltage) is corrupted

2808 Channel 4 voltage
checksum error

Channel 4 stored adjustment constant
(voltage) is corrupted

                     Table 8-2. Agilent E1328A Tests/Checks

Test/Check Reference

Designator

Check:

Heat Damage - - - - - - - - - - Discolored PC boards
Damaged insulation
Evidence of arcing

Switch Setting SW1 LADDR setting

A1 PCA F1, F2
J101 - J402
P1
TB1 - TB4

Fuse continuity
Mating connector contacts
jumper in wrong position
Connector contacts

Checking Heat Damage
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InspecttheDACforsignsofabnormalinternallygeneratedheatsuchas

discoloredprintedcircuitboardsorcomponents,damagedinsulation,or

evidenceofarcing.Ifthereisdamage,donotoperatetheDACuntilyou

correcttheproblem.

Checking Switches/Jumpers

Verifythelogicaladdresssettingissetcorrectly(factorysetat72).Seethe

Agilent E1328A User’s Manualforinformation.

Testing the A1 Assembly

TotesttheA1Assembly,removemainframepowerandremovetheDAC

fromthemainframe.Then,seetable8-2forguidelinestoisolatethe

problemtoauser-replaceablepart.

Repair /
Maintenance
Guidelines

ThissectiongivesguidelinestorepairandmaintaintheAgilentE1328A
DAC,including:

• ESDprecautions
• Solderingprintedcircuitboards
• Post-repairsafetychecks

ESD Precautions Electrostaticdischarge(ESD)maydamageMOS,CMOSandotherstatic

sensitivedevicesintheAgilentE1328ADAC.Thisdamagecanrange

fromslightparameterdegradationtocatastrophicfailure.Whenhandling

DACassemblies,followtheseguidelinestoavoiddamagingDAC

components:

• Alwaysuseastatic-freeworkstationwithapadofconductive
rubberorsimilarmaterialwhenhandlingDACcomponents.

• AfteryouremovetheDACfromthemainframe,placetheDACon
aconductivesurfacetoguardagainstESDdamage.

• DonotuseplierstoremoveaMOSorCMOSdevicefroma
high-gripsocket.Instead,useasmallscrewdrivertoprythedevice
upfromoneend.Slowlyliftthedeviceup,onepairofpinsata
time.
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• AfteryouremoveaMOSorCMOSdevicefromanassembly,place
thedeviceontoapadofconductivefoamorothersuitableholding
material.

• Ifadevicerequiressoldering,besuretheassemblyisplacedona
padofconductivematerial.Also,besureyou,thepad,andthe
solderingirontiparegroundedtotheassembly.Applyaslittleheat
aspossiblewhensoldering.

• WhenyoureplaceaMOSorCMOSdevice,groundthefoamtothe
DACbeforeremovingthedevicefromthefoam.

Soldering Printed

Circuit Boards

TheetchedcircuitboardsintheDAChaveplated-throughholesthatallowa

solderpathtobothsidesoftheinsulatingmaterial.Solderingcanbedone

fromeithersideoftheboardwithequallygoodresults.Whensolderingto

anycircuitboard,keepinmindthefollowingguidelines.

CAUTION Do not use a sharp metal object such as an awl or twist drill, since

sharp objects may damage the plated-through conductor.

• Avoidunnecessarycomponentunsolderingandsoldering.
Excessivereplacementcanresultindamagetothecircuitboard
and/oradjacentcomponents.

• Donotuseahighpowersolderingirononetchedcircuitboards
(a38-wattsolderingironisrecommended),asexcessiveheatmay
liftaconductorordamagetheboard.

• Useasuctiondeviceorwoodentoothpicktoremovesolderfrom
componentmountingholes.Whenusingasuctiondevice,besure
theequipmentisproperlygroundedtopreventelectrostatic
dischargefromdamagingCMOSdevices.

Post-Repair Safety

Checks

AftermakingrepairstotheAgilentE1328ADAC,inspecttheDACforany

signsofabnormalinternallygeneratedheat,suchasdiscoloredprinted

circuitboardsorcomponents,damagedinsulation,orevidenceofarcing.

Determineandcorrectthecauseofthecondition.Thenruntheself-test

(*TST?command)toverifythattheDACisfunctional.
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Appendix A

Calculating D/A Converter Accuracy

Introduction ThisappendixshowshowD/AConverter(DAC)accuracy,Agilent3458A

multimetermeasurementuncertainty,andtestaccuracyratio(TAR)values

aredefinedandcalculatedfortheperformanceverificationtestsforthe

AgilentE1328ADAC.

SeeTable4-2,"PerformanceTestRecordfortheAgilentE1328ADAC"for

1-yearspecificationvaluesforDACaccuracy,1-yearmeasurement

uncertaintyvaluesfortheAgilent3458Amultimeter,andassociatedDAC

testaccuracyratios(TARs).

NOTE DAC accuracy, multimeter measurement uncertainty, and test accuracy

ratios in Table 4-2 are valid ONLY for the specified test conditions and

assumptions described in this manual. For the test conditions described, in

TARs exceed 4:1

DAC Accuracy
Definition

DACaccuracyistheexpectedaccuracyofthemeasurementdueONLYto

theD/AConverter.The"LowLimit"entryinTable4-2isthelower(-)

valueofDACaccuracy,whilethe"HighLimit"entryistheupper(+)value

ofDACaccuracy.

Measurement
Uncertainty Definition

MeasurementUncertaintyistheexpectedaccuracyoftheAgilent3458A

multimeterforspecifiedconditions.Thisvalueisshowninthe

"MeasurementUncertainty"columnofTable4-2.SeetheAgilent 3458A

Multimeter Operating, Programming, and Configuration Manualfor

additionalinformationoncalculatingAgilent3458Amultimeter

measurementuncertainty.

Test Accuracy Ratio
(TAR) Definition

TestAccuracyRatio(TAR)istheratioofDACaccuracytoAgilent3458A

multimetermeasurementuncertainty.FortheAgilentE1328ADAC

performancetests,TestAccuracyRatio=(HighLimitvalue-TestOutput

value)/MeasurementUncertaintyvalue.Thisvalueisshowninthe"Test

AccuracyRatio(TAR)"columnofTable4-2.
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DAC Accuracy
Calculations

FortheAgilentE1328ADACperformanceverificationtests,accuracyis
definedforDCVoltageandDCCurrentoutputsusingthe1-year
specificationsinAppendix A - SpecificationsoftheAgilent E1328A User’s
Manual.Theassumedtestconditionsare:

• 1yearsincecalibration

• Atleast1-hourwarmup

• Temperature±5°Cdifferentthancalibrationtemp

• CalibrationONstate(CALx:STATON)foreachchannel

• Sameloadasatcalibration

DC Voltage

Accuracy Equations

FromAppendix AoftheAgilent E1328A User’s Manual,DC Voltage

Accuracy (1-year) = Accuracy + Temperature Coefficient=±[(.3%of

output+110mV)+(0.01%output+.667mV)/°C].For1-year

specificationsand±5°Cdifferencefromcalibrationtemperature:

Example: Calculate DC Voltage Output Accuracy

Fora5.0Vdcoutput:

DCV Accuracy (1-year)=±[.0035x5.0+.11334]=±0.13084V.Thus,

fora5.0Voutput,theUpperLimitvalueinTable4-2=5.13084Vandthe

LowerLimitvalue=4.86916V.

DC Current

Accuracy Equations

FromAppendix AoftheAgilent E1328A User’s Manual,DC Current

Accuracy 1-year) = Accuracy + Temperature Coefficient=±[(.3%of

output+220µA)+(.01%ofoutput+1.33µA)/°C].For1-year

specificationsand±5°Cdifferencefromcalibrationtemperature:

Example: Calculate DC Current Output Accuracy

Fora10.0mAdcoutput,Accuracy (1-year)=±[.0035x10.0x10
-3

+

226.65x10
-6

)=±0.26165mA.Thus,fora10.0mAoutput,theUpper

DC Voltage Accuracy (in Volts) = ± (.0035 x output + .11334),
where output is in Volts.

DC Current Accuracy (in A) = ± (.0035 x output + 226.65 X 10-6),
where output is in Amps.
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LimitvalueinTable4-2=10.26165mAandtheLowerLimitvalue=

9.73835mA.

Agilent 3458A
Measurement
Uncertainty
Calculations

MeasurementuncertaintiesfortheAgilent3458Amultimeterarecalculated
usingthe1-yearaccuracyspecificationsinAppendix A - Specificationsof
theAgilent 3458A Multimeter Operating, Programming, and Configuration
Manual

Theassumedtestconditionsare:

• Testwithin24hoursoflastAgilent3458AACAL

• 1yearsincelastAgilent3458Acalibration

• Atleasta1-hourwarmupforAgilent3458A

• (ForDCV)10Vfixedrange,PRESET,andNPLC100

• (ForDCI)10mAor100mAfixedrange,PRESET,andNPLC

100

Calculate DCV

Measurement

Uncertainty

ForAgilent3458A1Yearspecifications,Measurement Uncertainty (DC

Voltage) = Accuracy (1 year) + Temperature Coefficient + Additional

reading error for Absolute Accuracy.

Accuracy=±[8.0ppmofReading+0.2ppmofRange]

Temp Coeff=±[0.15ppmofReading+0.01ppmofRange]

Absolute Accuracy Factor=±[2.0ppmofReading]

Example: Calculate DCV Measurement Uncertainty

Fora5.0Vdcreadingonthe10Vrangefortheconditionsspecifiedinthis

manual:

Measurement Uncertainty (V)=±(10.15x10
-6

xReading+0.21x10
-6

xRange)=±[10
-6

x(10.15x5.0+0.21x10.0)]=±52.85x10
-6

V=

±52.85µV.

Calculate DCI

Measurement

Uncertainty

ForAgilent3458A1Yearspecifications,Measurement Uncertainty (DC

Current) = Accuracy (1 year) + Temperature Coefficient + Additional

reading error for Absolute Accuracy.

Forthe10mArange:

Meas Uncert (V) = ± [10.15 ppm of Reading + 0.21 ppm of Range]
Reading and Range in Volts DC  
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Accuracy (10 mA range)=±[20.0ppmofReading+5.0ppmofRange]

Temp Coeff=±[2.0ppmofReading+1.0ppmofRange]

Absolute Accuracy Factor=±[5.0ppmofReading]

Forthe100mArange:

Accuracy (100 mA range)=±[35.0ppmofReading+5.0ppmRange]

Temp Coeff=±[2.0ppmofReading+1.0ppmofRange]

AbsoluteAccuracy Factor=±[5.0ppmofReading]

Example: Calculate DCI Measurement Uncertainty

Fora4.0mAdcreadingonthe10mArangefortheconditionsspecifiedin

thismanual:

Measurement Uncertainty (Amps)=±[10
-6

x(27.0xReading+6.0x

Range)]=±[10
-6

x(27.0x.004+6.0x.010)]=±0.168x10
-6

A=

±0.168µA.

Fora16.0mAdcreadingonthe100mArangefortheconditionsspecified

inthismanual:

Measurement Uncertainty (Amps)=±[10
-6

x(42.0xReading+6.0x

Range)]=±[10
-6

x(42.0x.016+6.0x.100)]=±1.272x10
-6

A=

±1.272µA.

Test Accuracy
Ratio (T A R)
Calculations

FortheAgilentE1328AD/AConverter:

Example: Calculate Voltage Output Test Accuracy Ratio

Meas Uncertainty (A) = ± [27.0 ppm of Reading + 6.0 pp of Range]
Reading and Range in Amps DC

Meas Uncertainty (A) = ± [42.0 ppm of Reading + 6.0 ppm of Range]
Reading and Range in Amps DC     

Test Accuracy Ratio (TAR) = 
�
�
�
 

 High  Limit  − Output

Measurement  Uncertainty
 
�
�
�
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Foran8.0Vdcoutput,iftheHighLimitvalue=8.14134Vand

MeasurementUncertainty=±83.3µV,Test Accuracy Ratio (TAR)=

(8.14134V-8.00000V)/83.3x10
-6

V=1696.76.Sincethisvalueis

>10:1,theentryinTable4-2is">10:1".

Appendix A Calculating D/A Converter Accuracy 59

www.valuetronics.com



60 Calculating D/A Converter Accuracy Appendix A

www.valuetronics.com



Chapter B

Verification Tests - C Programs

Functional

Verification

Test

TheseprogramsaredesignedtodotheFunctionalVerificationTestsfound

inChapter 4 - Verification Tests.

Example: Self Test ThisexampleperformsaDACselftest(*TST?command)toensurethatthe

DACiscommunicatingwiththemainframe,externalcontroller,and/or

externalterminal.

#include <stdio.h>
#include <sicl.h>

#define ADDR "hpib7,9,9" /* Address of Device */

void main ()
{
  INST id; /* Define id as an instrument */
  char a[256] = {0}; /* Result variable */

  id = iopen (ADDR); /* Open instrument session */

  itimeout (id, 10000); /* Set 10 sec timeout */

  ipromptf (id, "*TST?\n", "%t", a); /* Self test command */

  printf ("\n %s", a); /* Print result */

  getchar (); /* Pause */

  iclose (id); /* Close instrument session */
}
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Example: Positive

Voltage Compliance

ThisprogramcheckstheMEASUREDvoltageoutputfromtheDAC

channelbeingtested.Ifthemeasuredchanneloutputis≥15.0Vwhenthe

outputstopsincreasing,theprogramgeneratesa"TestPASSED"indication.

Ifthemeasuredchanneloutputis<15.0Vwhentheoutputstopsincreasing,

theprogramgeneratesa"TestFAILED"indication.

/*  Positive Voltage Compliance Test       E1328A */

#include <stdio.h>
#include <sicl.h>

#define ADDR "hpib7,9,9" /* Address of device */

void main ()
{
  INST id; /* Define id as an instrument */
  float source = 0, value = 0, old_value = 0, result = 0;
  int chan;
  char *pass;

  #if defined(__BORLANDC__) && !defined(__WIN32__)
  _InitEasyWin();
  #endif
  
  ionerror(I_ERROR_EXIT); /* Exit on error */
  
  id = iopen (ADDR); /* Open instrument session */
  itimeout (id, 10000); /* Set 10 sec timeout */

  for(chan = 1; chan <= 4; chan++)
  {
    iprintf (id, "CAL%u:STAT OFF\n", chan);
    iprintf (id, "VOLT%u MAX\n", chan);
    source = 4.5;
    value = 0;
    printf ("\nVoltage Compliance Tests on Channel %u", chan);

    do
    {
      source = source + 0.5;
      old_value = value;
      printf("\n Set source to %.1f Volts DC", source);
      printf("\n Measure channel output (in V)");
      printf("\n Enter channel output (in V): ");
      scanf ("%f", &value);
      printf("\n DC Source value = %.1f VDC", source);
      printf("\n Channel %u output = %.1f VDC", chan, value);
      result = value - old_value;
    }
    while (result != 0);
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Example: Positive

Current Compliance

ThisprogramcheckstheMEASUREDcurrentoutputfromtheDAC

channelbeingtested.IftheDCSOURCEvoltageis≥13.0Vwhenthe

outputcurrentdropsto90%ofmaximumcurrent,theprogramgeneratesa

"TestPASSED"indication.IftheDCSOURCEvoltageis<13.0Vwhen

theoutputcurrentdropsto90%ofmaximumcurrent,theprogramgenerates

a"TestFAILED"indication.

    
    if (value >= 15)
      pass = "PASSED";
    else
      pass = "FAILED";
    printf("\n\nMaximum channel %u output = %.1f volts", chan, value);
    printf("\nTest %s for channel %u\n", pass, chan);
    }

  iclose (id); /* Close instrument session */
}

/*  Positive Current Compliance Test       E1328A */

#include <stdio.h>
#include <math.h>
#include <sicl.h>

#define ADDR "hpib7,9,9" /* Address of device */

void main ()
{
  INST id; /* Define id as an instrument */
  float source = 0, value = 0, result = 0;
  int chan;
  char *pass;

  #if defined(__BORLANDC__) && !defined(__WIN32__)
  _InitEasyWin();
  #endif

  ionerror(I_ERROR_EXIT); /* Exit on error */

  id = iopen (ADDR); /* Open instrument session */

  for(chan = 1; chan <= 4; chan++)
  {
    iprintf (id, "CAL%u:STAT OFF\n", chan);
    iprintf (id, "CURR%u MAX\n", chan);
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    source = 11.5;
    value = 0;
    printf ("\nCurrent Compliance Tests on Channel %u", chan);

    do
    {
      source = source + 0.5;
      printf("\n Set source to %.1f Volts DC", source);
      printf("\n Measure channel output (in mA)");
      printf("\n Enter channel output (in mA): ");
      scanf ("%f", &value);
      result = abs(100 * value / 24.0);
      printf("\n DC Source value = %.1f VDC", source);
      printf("\n Channel %u output = %.1f mA", chan, value);
      printf("\n Output = %.2f %% of max value", result);
    }
    while (result > 90.0);

    if (source >= 13.0)
      pass = "PASSED";
    else
      pass = "FAILED";

    printf("\n\nDC Source value for 90\% of max = %.1f VDC", source);
    printf("\nTest %s for channel %u\n", pass, chan);
  }

  iclose (id); /* Close instrument session */ 
}
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Performance
Verification
Tests

TheseprogramsaredesignedtodothePerformanceVerificationTests
foundinChapter 4 - Verification Tests.

Example: Voltage

Accuracy

Measurements

ThisprogramcheckstheMEASUREDoutputvoltageoneachDAC

channelandcomparestheresultwiththe1-yearaccuracyspecificationsfor

theDAC.

/*  Voltage Accuracy Measurements Test       E1328A */

#include <stdio.h>
#include <math.h>
#include <sicl.h>

#define ADDR "hpib7,9,9" /* Address of device */

void main ()
{
  INST id; /* Define id as an instrument */
  float volts[9] = {-10, -8, -5, -2, 0, 2, 5, 8, 10};
  float acc, ulim, llim, meas;
  int chan,i;

  #if defined(__BORLANDC__) && !defined(__WIN32__)
  _InitEasyWin();
  #endif

  ionerror(I_ERROR_EXIT); /* Exit on error */

  id = iopen (ADDR); /* Open instrument session */

  iprintf (id, "*RST\n");

  for(chan = 1; chan <= 4; chan++)
  {
    printf ("\nVoltage Accuracy Measurements on Channel %u\n", chan);

    for (i = 0; i < 9; i++)
    {
      iprintf (id, "VOLT%u %f\n", chan, volts[i]);
      printf ("\n New voltage output on channel %u = %f V", chan, volts[i]);
      printf ("\n Enter MEASURED voltage value (in V) : ");
      scanf ("%f", &meas);

      acc = 0.0035 * abs(volts[i]) + .11334;
      llim = volts[i] - acc;
      ulim = volts[i] + acc;
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Example: Current

Accuracy

Measurements

ThisprogramcheckstheMEASUREDoutputcurrentoneachDACchannel

andcomparestheresultwiththe1-yearaccuracyspecificationsfortheDAC.

      if ((meas < llim) || (meas > ulim))
        printf ("Test FAILED on channel %u for %.1f V", chan, volts[i]);
      else
        printf ("Test PASSED on channel %u for %.1f V", chan, volts[i]);
    }
  }

  printf ("Voltage Accuarcy Tests Complete");

  iclose (id); /* Close instrument session */
}

/*  Current Accuracy Measurements Test       E1328A */

#include <stdio.h>
#include <math.h>
#include <sicl.h>

#define ADDR "hpib7,9,9" /* Address of device */

void main ()
{
  INST id; /* Define id as an instrument */
  float amps[9] = {-.02, -.016, -.01, -.004, 0, .004, .01, .016, .02};
  float acc, ulim, llim, meas;
  int chan,i;

  #if defined(__BORLANDC__) && !defined(__WIN32__)
  _InitEasyWin();
  #endif

  ionerror(I_ERROR_EXIT); /* Exit on error */

  id = iopen (ADDR); /* Open instrument session */

  iprintf (id, "*RST\n");

  for(chan = 1; chan <= 4; chan++)
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  {
    printf ("\nCurrent Accuracy Measurements on Channel %u\n", chan);

    for (i = 0; i < 9; i++)
    {
      iprintf (id, "CURR%u %f\n", chan, amps[i]);
      printf ("\n New current output on channel %u = %f A", chan, amps[i]);
      printf ("\n Enter MEASURED current value (in mA) : ");
      scanf ("%f", &meas);

      acc = 0.0035 * abs(amps[i]) + .00022665;
      llim = amps[i] - acc;
      ulim = amps[i] + acc;
      if ((meas*.001 < llim) || (meas*.001 > ulim))
        printf ("Test FAILED on channel %u for %f A", chan, amps[i]);
      else
        printf ("Test PASSED on channel %u for %f A", chan, amps[i]);
    }
  }

  printf ("Current Accuarcy Tests Complete");

  iclose (id); /* Close instrument session */
}
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Adjustments Theseprogramsaredesignedtoassistwiththeadjustmentproceduresfound
inChapter 5 - Adjustments.

Example: Voltage

Adjustments

Thisprogramusesthemeasuredminimum,default,andmaximumvalues

youentertoupdatethevoltageadjustmentconstantsforChannels1,2,3,

and4.

/*  Voltage Adjustments       E1328A */

#include <stdio.h>
#include <sicl.h>

#define ADDR "hpib7,9,9" /* Address of device */

void main ()
{
  INST id; /* Define id as an instrument */
  float min, def, max;
  int chan;

  #if defined(__BORLANDC__) && !defined(__WIN32__)
  _InitEasyWin();
  #endif

  ionerror(I_ERROR_EXIT); /* Exit on error */

  id = iopen (ADDR); /* Open instrument session */

  for(chan = 1; chan <= 4; chan++)
  {
    printf ("\nVoltage Adjustments on Channel %u", chan);
    iprintf (id, "CAL%u:STAT OFF\n", chan);

    iprintf (id, "VOLT%u MIN\n", chan);
    printf ("\n\nChannel %u is set to minimum (-12V)", chan);
    printf ("\nEnter measured value (in V to 5.5 digits) : ");
    scanf ("%f", &min);

    iprintf (id, "VOLT%u DEF\n", chan);
    printf ("\nChannel %u is set to default (0V)", chan);
    printf ("\nEnter measured value (in V to 5.5 digits) : ");
    scanf ("%f", &def);

    iprintf (id, "VOLT%u MAX\n", chan);
    printf ("\nChannel %u is set to maximum (+12V)", chan);
    printf ("\nEnter measured value (in V to 5.5 digits) : ");
    scanf ("%f", &max);

    iprintf (id, "CAL%u:VOLT %f,%f,%f\n",chan,min,def,max);
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Example: Current

Adjustments

Thisprogramusesthemeasuredminimum,default,andmaximumvalues

youentertoupdatethecurrentadjustmentconstantsforChannels1,2,3,

and4.

  }

  printf ("\n\nVoltage Adjustments Complete");

  iclose (id); /* Close instrument session */
}

/*  Current Adjustments       E1328A */

#include <stdio.h>
#include <sicl.h>

#define ADDR "hpib7,9,9" /* Address of device */

void main ()
{
  INST id; /* Define id as an instrument */
  float min, def, max;
  int chan;

  #if defined(__BORLANDC__) && !defined(__WIN32__)
  _InitEasyWin();
  #endif

  ionerror(I_ERROR_EXIT); /* Exit on error */

  id = iopen (ADDR); /* Open instrument session */

  for(chan = 1; chan <= 4; chan++)
  {
    printf ("\nCurrent Adjustments on Channel %u", chan);
    iprintf (id, "CAL%u:STAT OFF\n", chan);

    iprintf (id, "CURR%u MIN\n", chan);
    printf ("\n\nChannel %u is set to minimum (-.024 A)", chan);
    printf ("\nEnter measured value (in A to 5.5 digits) : ");
    scanf ("%f", &min);

    iprintf (id, "CURR%u DEF\n", chan);
    printf ("\nChannel %u is set to default (0 A)", chan);
    printf ("\nEnter measured value (in A to 5.5 digits) : ");
    scanf ("%f", &def);
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    iprintf (id, "CURR%u MAX\n", chan);
    printf ("\nChannel %u is set to maximum (+.024 A)", chan);
    printf ("\nEnter measured value (in A to 5.5 digits) : ");
    scanf ("%f", &max);

    iprintf (id, "CAL%u:CURR %f,%f,%f\n",chan,min,def,max);
  }

  printf ("\n\nCurrent Adjustments Complete");

  iclose (id); /* Close instrument session */
}
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