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Preface

ThismanualdescribesthemechanicalandelectricalaspectsoftheNB-MI0-16Xandcontains
informationconcerningitsoperationandprogramming. TheNB-MI0-16Xisahigh-performance
multifunctionanalog,digital,andtiminginput/output(I/0)boardforMacintoshNuBuscomputers.
TheNB-MI0-16Xcontainsa16-bitanalog-to-digitalconverter(ADC)withupto16analoginputs,
two12-bitdigital-to-analogconverters(DACs)withvoltageoutputs,eightlinesofTIL-compatible
digitalI/0,andthree16-bitcounter/timerchannelsfortimingI/0. Ifadditionalanaloginputsare
required,youcanusetheAMUX-64Tmultiplexerboard.

OrganizationofThisManual
TheNB-MI0-16XUserManualisorganizedasfollows:

" Chapter1,Introduction,describestheNB-MI0-16X;liststhecontentsofyourNB-MI0-16X
kit,theoptionalsoftware,andtheoptionalequipment;andexplainshowtounpackthe
NB-MI0-16X.

" Chapter2,ConfigurationandInstallation,explainsboardconfiguration,installationofthe
NB-MI0-16XintheMacintoshNuBuscomputer,signalconnectionstotheNB-MI0-16X,
andcablewiring.

" Chapter3,TheoryofOperation,containsafunctionaloverviewoftheNB-MI0-16Xand
explainstheoperationofeachfunctionalunitmakinguptheNB-MI0-16X.

" Chapter4,Programming,describesindetailtheaddressandfunctionofeachofthe
NB-MI0-16Xregisters. Thischapteralsoincludesimportantinformationaboutprogramming
theNB-MI0-16X.

" Chapter5,CalibrationProcedures,discussesthecalibrationproceduresfortheNB-MI0-16X
analoginputandanalogoutputcircuitry.

" AppendixA,Specifications,liststhespecificationsoftheNB-MI0-16X.

" AppendixB,I/0Connector,containsthepinoutandsignalnamesfortheNB-MI0-16X50-pin
I/0connector.

" AppendixC,AMDDataSheet,containsthemanufacturerdatasheetfortheAm9513Af
AmZ8073ASystemController(AdvancedMicroDevices,Inc.)integratedcircuit. Thiscircuit
isusedontheNB-MI0-16X.

" AppendixD,CustomerCommunication,containsformsforyoutocompletetofacilitate
communicationwithNationalInstrumentsconcerningourproducts.

" TheIndexcontainsanalphabeticallistofkeytermsandtopicsusedinthismanual,including
thepagewhereeachonecanbefound.

©NationalInstrumentsCorporation V NB-MI0-16XUserManual



Preface

Conventions Used inThisManual
Thefollowingconventionsareusedinthismanual:

DIFF

DMAboard

italic

Macintosh

NI-DAQ

NRSE

RSE

Abbreviations

DIFFreferstodifferentialinputconfiguration.

DMAboardreferstotheNB-DMA-8-GboardortheNB-DMA2800board
unlessotherwisenoted.

Italictextdenotesemphasis,acrossreference,oranintroductiontoakey
concept.

MacintoshreferstoallMacintoshIIandMacintoshQuadracomputers
unlessotherwisenoted.

NI-DAQisusedthroughoutthismanualtorefertotheNI-DAQsoftwarefor
Macintoshunlessotherwisenoted.

NRSEreferstonon-referencedsingle-endedinputconfiguration.

RSEreferstoreferencedsingle-endedinputconfiguration.

Thefollowingmetricsystemprefixesareusedwithabbreviationsforunitsofmeasureinthis
manual:

Prefix Meaning Value

p- pico- 10-12
n- nano- 10-9
µ- micro- lQ-6

m- milli- 10-3
k- kilo- 103
M- mega- 106
G- giga- 109

Thefollowingabbreviationsareusedinthismanual:

A amperes
C Celsius
dB decibels
0 degrees
F farads
ft feet
hex hexadecimal
Hz hertz
in. inches
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Abbreviations (continued)

m
M
.Q

%
ppm
rms
sec
V
Vrms

Acronyms

meters
megabytesofmemory
ohms
percent
partspermillion
rootmeansquare
seconds
volts
voltsrootmeansquare

Thefollowingacronymsareusedinthismanual:

AC
ND
AOC
CMOS
DIA
DAC
DMA
EPROM
FIFO
I/0
LSB
NMR
ROM
RTSI
TC
TIL
VDC
VI

alternatingcurrent
analog-to-digital
AIDconverter
complementarymetallicoxidesemiconductor
digital-to-analog
DIAconverter
directmemoryaccess
electricalprogrammableread-onlymemory
first-in-first-out
input/output
leastsignificantbit
nonmaskableinterruptrequest
read-onlymemory
Real-TimeSystemIntegration
terminalcount
transistor-transistorlogic
voltsdirectcurrent
virtualinstrument

Related Documentation

Preface

Thefollowingdocumentscontaininformationthatyoumayfindhelpfulasyoureadthismanual:

• TheMacintoshIIorQuadraOwner'sManual,GettingStartedmanual,orSettingUpmanual

ConsultthefollowingmanualifyouplantoprogramtheAm9513ACounter!fimerusedonthe
NB-MI0-16X:

• TheAm9513A/Am9513SystemTimingControllertechnicalmanual
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Preface

ConsultthefollowingNationalInstrumentsmanualsifyouplantoprogramDMAoperationswith
thisboard:

0 TheNB-DMA-8-GUserManual(partnumber320097-01)

0 TheNB-DMA2800UserManual(partnumber320240-01)

Customer Communication
NationalInstrumentswantstoreceiveyourcommentsonourproductsandmanuals. Weare
interestedintheapplicationsyoudevelopwithourproducts,andwewanttohelpifyouhave
problemswiththem. Tomakeiteasyforyoutocontactus,thismanualcontainscommentand
configurationformsforyoutocomplete. TheseformsareinAppendixD,Customer
Communication,attheendofthismanual.
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Chapter 1
Introduction

ThischapterdescribestheNB-MI0-16X;liststhecontentsofyourNB-MI0-16Xkit,theoptional
software,andtheoptionalequipment;andexplainshowtounpacktheNB-MI0-16X.

TheNB-MI0-16Xisahigh-perfonnancemultifunctionanalog,digitalandtimingJ/0boardfor
MacintoshNuBuscomputers. TheNB-MI0-16Xhasthefollowingfeatures:

• Fast16-bitADC

16single-endedor8differentialchannels(expandablewithAMUX-64Tmultiplexerboard)

Programmablegainsof1, 10, 100,500,or1,2,4,8

42µsecconverteror18µsecconverter

Guaranteedratesupto55ksamples/sec

16-wordFIFONDbuffertoobtainthehighestpossibledataacquisitionrate

InternalorexternalNDtiming

" Twodouble-bufferedmultiplying12-bitDACs

Unipolarandbipolarvoltageoutputavailable

Onboardreferencevoltagesof5Vand10V

Onboardtimerforwavefonngeneration

• EightdigitalJ/0lines,eachabletosinkupto24mAcurrent

• Threeindependent16-bitcounter/timersforfrequencycounting,eventcounting,andpulse
outputapplications

" Timer-generatedinterrupts

• High-perfonnanceRTSIbusinterface

Triggersforsystem-leveltiming

DMAoperationoveraRTSIbuswithaDMAboard

©NationalInstrumentsCorporation 1-/ NB-M/0-16XUserManual



Introduction Chapter1

Figure1-1 showstheNB-MI0-16X.

Figure1-1. NB-MI0-16XInterfaceBoard

TheNB-MI0-16X,withitsmultifunctionanalog,digital,andtimingI/0,canbeusedfor
automationofmachineandprocesscontrol,levelmonitoringandcontrol,instrumentation,
electronictest,andmanyotherfunctions. Themultichannelanaloginputcanbeusedforsignal
andtransientanalysis,datalogging,andchromatography. Thetwoanalogoutputchannelscanbe
usedformachineandprocesscontrol,analogfunctiongeneration,12-bitresolutionvoltagesource,
andprogrammablesignalattenuation. TheeightTTL-compatibledigitalI/0linescanbeusedfor
machineandprocesscontrol,intermachinecommunication,andrelayswitchingcontrol. Thethree
16-bitcounter/timerscanbeusedforpulseandclockgeneration,timedcontroloflaboratory
equipment,andfrequency,event,andpulse-widthmeasurement. Withallthesefunctionsonone
board,laboratoryprocessescanbeautomaticallymonitoredandcontrolled. Ifadditionalanalog
inputsarerequired,youcanusetheAMUX-64Tmultiplexerboard. Thisfour-to-onemultiplexer
canprocess64single-endedinputs. UptofourAMUX-64Tboardscanbecascadedtoobtain256
single-endedinputs.

TheNB-MI0-16XhasaninterfacetotheNationalInstrumentsRTSIbus. Thisbussendstiming
signalsbetweenNationalInstrumentsNB Seriesboards. TheNB-MI0-16Xcansendsignals
fromtheonboardcounter/timertoanotherboard,oranotherboardcancontrolsingleandmultiple
AIDconversionsontheNB-MI0-16X.

TheNB-MI0-16Xisavailableintwoconversionspeedsandtwogainranges,foratotaloffour
differentversions:

• NB-MI0-16XL-18

• NB-MI0-16XL-42

• NB-MI0-16XII-18

• NB-MI0-16XII-42
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TheNB-MI0-16XLhassoftware-programmablegainsettingsof1,10,100,and500forlow-level
analoginputsignals. TheNB-MI0-16XHhassoftwareprogrammablegainsettingsof1,2,4,
and8forhigh-levelanaloginputsignals. TheNB-MI0-16X(LJH)-42hasanADCcapableofa42
µsecconversionrate,whichisabout24kbytes/sec. TheNB-MI0-16X(L/H)-18hasanADC
capableofan18µsec conversionrate,whichisabout 55kbytes/sec.

DetailedspecificationsfortheNB-MI0-16XareincludedinAppendixA,Specifications.

WhatYourKitShouldContain
EachversionoftheNB-MI0-16Xboardhasadifferentpartnumberandkitpartnumber,listedas
follows.

Kit Name KitPartNumber Kit Component BoardPart
Number

NB-MI0-16XL-18 776259-01 NB-MI0-16XL-18board 180675-01

NB-MI0-16XL-42 776259-02 NB-MI0-16XL-42board 180675-02

NB-MI0-16XH-18 776259-11 NB-MI0-16XH-18board 180675-11

NB-MI0-16XH-42 776259-12 NB-MI0-16XH-42board 180675-12

Theboardpartnumberisprintedonyourboardalongthetopedgeonthecomponentside. You
canidentifywhichversionoftheNB-MI0-16Xboardyouhavebylookingupthepartnumberin
theprecedingtable.

Inadditiontotheboard,eachversionoftheNB-MI0-16Xkitcontainsthefollowingcomponents.

Kit Component PartNumber

NB-MI0-16XUserManual 320157-01
NI-DAQsoftwareforMacintosh,withmanuals 776181-01
NI-DAQforMacintoshSoftwareReferenceManual 320103-01

Ifyourkitismissinganyofthecomponentsorifyoureceivedthewrongversion,contactNational
Instruments.

YourNB-MI0-16XisshippedwiththeNI-DAQsoftwareforMacintosh. NI-DAQhasalibrary
offunctionsthatcanbecalledfromyourapplicationprogrammingenvironment Thesefunctions
includeroutinesforanaloginput(NDconversion),buffereddataacquisition(high-speedND
conversion),analogoutput(D/Aconversion),waveformgeneration,digitalI/0,counter/timer,
SCXI,RTSI,andself-calibration. NI-DAQmaintainsaconsistentsoftwareinterfaceamongits
differentversionssoyoucanswitchbetweenplatformswithminimalmodificationstoyourcode.
NI-DAQcomeswithlanguageinterfacesforMPWC,THINKC,Pascal,andMicrosoft
QuickBASIC. AnylanguagethatusesDeviceManagerToolboxcallscanaccessNI-DAQ.
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Optional Software
ThismanualcontainscompleteinstructionsfordirectlyprogrammingtheNB-MI0-16X.
Normally,however,youshouldnotneedtoreadthelow-levelprogrammingdetailsintheuser
manualbecausetheNI-DAQsoftwarepackageforcontrollingtheNB-MI0-16Xisincludedwith
theboard. UsingNI-DAQisquickerandeasierthanandasflexibleasusingthelow-level
programmingdescribedinChapter4,Programming.

TheNB-MI0-16XcanalsobeusedwithLabVIEW(partnumber776141-01),asoftwaresystem
thatfeaturesinteractivegraphics,astate-of-the-artuserinterface,andapowerfulgraphical
programminglanguage. TheLabVIEWDataAcquisitionVILibrary,aseriesofVIsforusing
LabVIEWwiththeNB-MI0-16XandotherNationalInstrumentsboards,isincludedwith
LabVIEW. TheLabVIEWDataAcquisitionVILibraryisfunctionallyequivalenttotheNI-DAQ
softwareforMacintosh.

OptionalEquipment

Equipment PartNumber

NB-DMA2800board 776305-01

NB-DMA-8-Gboard 776161-01

CB-50I/0connectorblock(50screwterminals)
with0.5-mtypeNB1cable 776164-01
with1.0-mtypeNB1cable 776164-02

NBSeriesRTSIbuscablesfor
2boards 776188-02
3boards 776188-03
4boards 776188-04
5boards 776188-05

SCXIsignalconditioningmodules
SCXI-110032-channeldifferentialmultiplexer/amplifier 776572-00
SCXI-11208-channelisolatedanaloginput 776572-20
SCXI-11214-channelisolatedtransduceramplifierwithexcitation 776572-21
SCXI-11408-channelsimultaneouslysamplingdifferentialamplifier 776572-40
SCXI-1180feedthroughpanel 776572-80
SCXI-1181breadboard 776572-81

AMUX-64Tanalogmultiplexerboard
with0.2-mribboncable 776366-02
with0.5-mribboncable 776366-05
with1.0-mribboncable 776366-10
with2.0-mribboncable 776366-20

(continues)

NB-MI0-16XUserManual 1-4 ©NationalInstrumentsCorporation



Chapter1 Introduction

Equipment Part Number

SC-2050cableadapterboardforsignalconditioningwith50-conductorcable
0.5m 776335-00
1.0m 776335-10

SC-2060opticallyisolateddigitalinputboardwith26-conductorcable
0.2m 776336-00
0.4m 776336-10

SC-2061opticallyisolateddigitaloutputboardwith26-conductorcable
0.2m 776336-01
0.4m 776336-11

SC-2062electromechanicalrelaydigitalcontrolboardwith26-conductorcable
0.2m 776336-02
0.4m 776336-12

SC-2070general-purposeterminationbreadboardwith50-conductorcable
0.5m 776358-00
1.0m 776358-10

BNC-2080BNCadapterboardwith50-conductorcable
0.5m 776579-05
1.0m 776579-10

Digitalsignalconditioningmodules
SSRSeriesmountingrackand0.4-mcable
8-channelbackplanewithSC-205Xcable 776290-18

5BSeriessignalconditioningbackplanewith1.0-mcable 776291-01

Unpacking
YourNB-MI0-16Xisshippedinanantistaticplasticbagtopreventelectrostaticdamagetothe
board. Severalcomponentsontheboardmaybedamagedbyelectrostaticdischarge. Toavoid
suchdamageinhandlingtheboard,takethefollowingprecautions:

• Touchtheplasticbagtoametalpartofyourcomputerbeforeremovingtheboardfromthebag.

• Removetheboardfromthebagandinspecttheboardforloosecomponentsoranyothersign
ofdamage. NotifyNationalInstrumentsiftheboardappearsdamagedinanyway. Donot
installadamagedboardintoyourcomputer.
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Chapter 2
Configuration and Installation

Thischapterexplainsboardconfiguration,installationoftheNB-MI0-16XintheMacintosh
NuBuscomputer,signalconnectionstotheNB-MI0-16X,andcablewiring.

Board Configuration
TheNB-MI0-16Xhas10jumpersthatdeterminetheanaloginputandanalogoutput
configurationsoftheboard. ThejumpersareshowninthepartslocatordiagraminFigure2-1.
JumpersW3,W5,andW8configuretheanaloginputcircuitry. JumpersWl,W2,W4,W6,W7,
W9,andWlOconfiguretheanalogoutputcircuitry.

JumperSettings
TheNB-MI0-16Xisshippedfromthefactorywiththefollowingconfiguration:

• Differentialanaloginput(8channels)

• 10Vinputrange

• ±10Voutputrangewithinternal10Vreferenceselected

" Two'scomplementDACinputmode

Table2-1listsalltheavailablejumperconfigurationsfortheNB-MI0-16Xwiththefactory
settingsnoted.
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Table2-1. JumperSettings

Configuration Jumper Settings

OutputCHO Internal10V(factorysetting) W2: B-C W4: B-C
Reference Internal5V W2: B-C W4: A-B

External W2: A-B

OutputCHl Internal10V(factorysetting) Wl: B-C W4: B-C
Reference Internal5V WI: B-C W4: A-B

External Wl: A-B

Input Range 0to10Vor-10to+10V(factorysetting) WS: B-C
0to5Vor-5 to+5V WS: A-B

InputMode Differential(DIFF)(factorysetting) W3: A-C,B-D,E-F WS: A-B
Non-referencedsingle-ended(NRSE) W3: A-B,C-E,G-H WS: B-C
Ground-referencedsingle-ended(RSE) W3: A-B,C-D,G-HWS: B-C

OutputCHO Unipolar W6: B-C
Polarity Bipolar(factorysetting) W6: A-B

OutputCHI Unipolar W7: B-C
Polarity Bipolar(factorysetting) W7: A-B

DACO Input Straightbinarymode W9: A-B
Mode Two'scomplementmode(factorysetting) W9: B-C

DACI Input Straightbinarymode WIO: A-B
Mode Two'scomplementmode(factorysetting) WIO: B-C
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ConfigurationandInstallation Chapter2

Analog InputConfiguration
Youcanselectdifferentanaloginputconfigurationsbyusingthejumpersettingsshownin
Table2-1. Thefollowingparagraphsdescribeeachoftheanaloginputcategoriesindetail. Inthe
configurationillustrationsthroughoutthischapter,theblackbarsshowwheretoplacejumpers.

InputMode

TheNB-MI0-16Xoffersthreedifferentinputmodes-referencedsingle-ended(RSE)input,non-
referencedsingle-ended(NRSE)input,anddifferential(DIFF)input Thesingle-endedinput
configurationsuse16channels. TheDIFFinputconfigurationuses8channels. These
configurationsaredescribedinTable2-2.

Table2-2. InputConfigurationsAvailablefortheNB-MI0-16X

Configuration Description

DIFF Differentialconfiguration.
Provides8differentialinputswiththenegative(-)inputof
theinstrumentationamplifiertiedtothemultiplexeroutput
ofChannels8through15.

RSE ReferencedSingle-Endedconfiguration.
Provides16single-endedinputswiththenegative(-)input
oftheinstrumentationamplifierreferencedtoanalog
ground.

NRSE Non-ReferencedSingle-Endedconfiguration.
Provides16single-endedinputswiththenegative(-)input
oftheinstrumentationamplifiertiedtoAISENSEandnot
connectedtoground.

Whilereadingthefollowingparagraphs,youmayfindithelpfultorefertoAnalogInputSignal
Connectionslaterinthischapter,whichcontainsdiagramsshowingthesignalpathsforthethree
configurations.

DIFF Input (8 Channels, Factory Setting)

DIFFinputmeansthateachinputsignalhasitsownreference,andthedifferencebetweeneach
·signalanditsreferenceismeasured. Thesignalanditsreferenceareeachassignedaninput
channel. Withthisinputconfiguration,theNB-MI0-16Xcanmonitoreightdifferentanaloginput
signals. YouselecttheDIFFinputconfigurationbysettingjumpersW3andW5asfollows:

W3:
A- C Jumperisplacedinstandbyposition. (AandCarealwaysconnected

togetherinsidetheboard.)

B- D AISENSEistiedtotheinstrumentationamplifiersignalground.
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W5:

E-F

Configuratwnandlnstallatwn

ChannelsOthrough7aretiedtothepositive(+)inputofthe
instrumentationamplifier. Channels8through15aretiedtothenegative
(-)inputoftheinstrumentationamplifier.

A- B Multiplexerisconfiguredtocontroleightinputchannels.

ThisconfigurationisshowninFigure2-2.

W3

H " .. G

F - E

W5 D C- .. I B A

A B C

Figure2-2. DIFFInputConfiguration(FactorySetting)

ConsiderationsforusingtheDIFFconfigurationarediscussedunderSignalConnectionslaterin
thischapter. Figure2-17showsaschematicdiagramofthisconfiguration.

RSE Input (16 Channels)

RSEinputmeansthatallinputsignalsarereferencedtoacommongroundpointthatisalsotiedto
theanaloginputgroundoftheNB-MI0-16Xboard. Thenegative(-)inputofthedifferentialinput
amplifieristiedtoanalogground. Thisconfigurationisusefulwhenmeasuringfloatingsignal
sources. SeeTypesofSignalSourceslaterinthischapter. Withthisinputconfiguration,the
NB-MI0-16Xcanmonitor16differentanaloginputsignals. YouselecttheRSEinput
configurationbysettingjumpersW3andW5asfollows:

W3:
A-B

C-D

G-H

W5:
B-C

AISENSEistiedtothenegative(-)inputoftheinstrumentationamplifier.

Thenegative(-)inputoftheinstrumentationamplifieristiedtothe
instrumentationamplifiersignalground.

Multiplexeroutputsaretiedtogetherintothepositive(+)inputofthe
instrumentationamplifier.

Multiplexercontrolisconfiguredfor16inputchannels.

ThisconfigurationisshowninFigure2-3.
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W3

H - G

F • • E

ws D - C

I. 1!1111111111111
B - A

A B C

Figure2-3. RSEInputConfiguration

ConsiderationsforusingtheRSEconfigurationarediscussedunderSignalConnectionslaterin
thischapter. Figure2-18showsaschematicdiagramofthisconfiguration.

NRSE Input (16 Channels)

NRSEinputmeansthatallinputsignalsarereferencedtothesamecommonmodevoltagebutthat
thiscommonmodevoltageisallowedtofloatwithrespecttotheanaloggroundofthe
NB-MI0-16Xboard. Tiriscommonmodevoltageissubsequentlysubtractedoutbytheinput
instrumentationamplifier. Tiris·configurationisusefulwhenmeasuringground-referencedsignal
sources. SeeTypesofSignalSourceslaterinthischapter. Withthisinputconfiguration,the
NB-MI0-16Xcanmeasure16differentanaloginputsignalshavingthesamegroundreference.
YouselecttheNRSEinputconfigurationbysettingjumpersW3andW5asfollows:

W3:
A-B

C-E

G-H

W5:
B-C

AISENSEistiedtothenegative(-)inputoftheinstrumentationamplifier.

Jumperisplacedinstandbyposition. (CandEarealwaysconnected
togetherinsidetheboard.)

Multiplexeroutputsaretiedtogetherintothepositive(+)inputofthe
instrumentationamplifier.

Multiplexercontrolisconfiguredfor16inputchannels.

TirisconfigurationisshowninFigure2-4.

W3

H - G

F • E

W5 D " C

I. - B - A

A B C

Figure2-4. NRSEInputConfiguration
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ConsiderationsforusingtheNRSEconfigurationarediscussedunderSignalConnectionslaterin
thischapter. Figure2-19showsaschematicdiagramofthisconfiguration.

InputPolarity and Input Range

TheNB-MI0-16Xhasfourdifferentinputranges. YouselecttheNB-MI0-16Xinputpolarityand
inputrangebysettingjumperW8andtheBP*/UPbitinCommandRegister1(describedin
Chapter4,Programming),asfollows:

5VRange lOVRange

Bipolar SetW8toA-B SetW8toB-C
BP*/UPCleared BP*/UPCleared

Unipolar SetW8toA-B SetW8toB-C
BP*/UPSet BP*/UPSet

IfyouareusingNI-DAQ,theBP*/UPbitisautomaticallysettothecorrectvaluewhenyou
specifytheinputrangeandpolarityintheAI_Configcall.

Figures2-5and2-6showthejumperpositionsforthe5V(0to+5Vor-5to+5V)and10V(0to
+10Vor-10Vto+10V)inputrangeconfigurations,respectively.

W8

I· --
c B A

Figure2-5. 5VInputConfiguration

W8

C B A

Figure2-6. 10VInputConfiguration(FactorySetting)

Considerations for Selecting Input Ranges

Inputpolarity/rangeselectiondependsontheexpectedinputrangeoftheincomingsignal. Alarge
inputrangecanaccommodatealargesignalvariationbutsacrificesvoltageresolution. Choosinga
smallerinputrangeincreasesvoltageresolutionbutmayresultintheinputsignalgoingoutof
range. Forbestresults,theinputrangeshouldbematchedascloselyaspossibletotheexpected
rangeoftheinputsignal. Forexample,iftheinputsignalisguaranteedtonevergonegative
(belowOV),aunipolarinputisbest. However,ifthesignaldoesgonegative,inaccuratereadings
willoccurandsoabipolarinputrangewouldbeappropriate.
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Software-programmablegainontheNB-MI0-16Xincreasesoverallflexibilitybymatchinginput
signalrangestothoseaccommodatedbytheNB-MI0-16XADC. TheNB-MI0-16XHboardhas
gainsof1,2,4,and8andissuitedforhigh-levelsignalsneartherangeoftheADC. The
NB-MI0-16XLboardisdesignedtomeasurelow-levelsignalsandhasgainsofl,10,100,and
500. Withthepropergainsetting,thefullresolutionoftheADCcanbeusedtomeasuretheinput
signal. Table2-3showstheoverallinputrangeandprecisionaccordingtotheinputrange
configurationandgainused.

Table2-3. ActualRangeandMeasurementPrecisionVersusInputRangeSelectionandGain

Range Configuration Gain Actual InputRange Precision*

Oto+SV 1 Oto+SV 76.3µV
2 0to+2.5V 38.1µV
4 0to+l.25V 19.1µV
8 0to+o.625V 9.54µV
10 0to+o.5V 7.63µV
100 0to+o.05V 763nV
500 Oto+lOmV 153nV

Oto+lOV 1 Oto+lOV 153µV
2 0to+SV 76.3µV
4 0to+2.5V 38.1µV
8 0to+l.25V 19.1µV
10 Oto+lV 15.3µV
100 Oto+o.lV 1.53µV
500 Oto+20mV 305nV

-5to+SY 1 -5to+5V 153µV
2 -2.5 to+2.5V 76.3µV
4 -1.25 to+1.25V 38.1µV
8 -0.625to+o.625V 19.1µV
10 -0.5to+o.5V 15.3µV
500 -lOmVto+lOmV 305nV

-10to+lOV 1 -lOto+lOV 305µV
2 -5 to+5V 153µV
4 -2.5to+2.5V 76.3µV
8 -1.25to+1.25V 38.1µV
10 -1 to+lV 30.5µV
100 -0.1 to+o.lV 3.05µV
500 -20mVto+20mV 610nV

*Thevalueofl leastsignificantbit(1LSB)ofthe16-bitADC,thatis,the
voltageincrementcorrespondingtoachangeofonecountintheADC16-bit
count.
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Analog OutputConfiguration
Youcanselectdifferentanalogoutputconfigurationsbyusingthejumpersettingsshownin
Table2-1. Thefollowingparagraphsdescribeeachoftheanalogoutputconfigurationsindetail.

External and Internal Reference

EachanalogoutputchannelcanbeconnectedtotheNB-MI0-16Xinternalreferenceof10Vorto
theexternalreferencesignalconnectedtotheEXTREFpin(pin22)ontheI/0connector. Both
channelsneednotbeconfiguredthesameway,althoughonlyoneoftheinternalreferences(5Vor
10V)canbeusedatatime. (Youcannot,forexample,usetheinternal10VreferenceonChannel
0andtheinternal5VreferenceonChannel1.)

External Reference Selection

Youselecttheexternalreferencesignalforeachanalogoutputchannelbysettingthefollowing
jumpers:

AnalogOutputChannel0: W2 A- B ExternalreferencesignalconnectedtoDAC0
referenceinput.

AnalogOutputChannel1: Wl A- B ExternalreferencesignalconnectedtoDAC1
referenceinput.

ThisconfigurationisshowninFigure2-7.

W2 Wl

- ·I - .I
A B C A B C

Channel0 Channel1

Figure2-7. ExternalReferenceConfiguration

Internal Reference Selection (Factory Setting)

Youselecttheonboardreferenceforeachanalogoutputchannelbysettingthefollowingjumpers:

AnalogOutputChannel0: W2 B- C OnboardreferenceconnectedtoDACOreference
input.

AnalogOutputChannel1: Wl B- C OnboardreferenceconnectedtoDAC1reference
input.

ThisconfigurationisshowninFigure2-8.
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W2 WI

I· -I I· -I
A B C A B C

Channel0 Channel I

Figure2-8. InternalReferenceConfiguration(FactorySetting)

Bothchannelsmustusethesameinternalreference. Youselectwhichinternalreferencetouseby
settingW4asfollows:

5Vinternalreference: W4 A-B

10Vinternalreference: W4 B-C

TheseconfigurationsareshowninFigure2-9.

W4

A B C

5V

(factorysetting)

W4

I· -I
A B C

IOV
(Factorysetting)

Figure2-9. ReferenceChoiceConfigurations

Analog Output Polarity Selection

Eachanalogoutputchannelcanbeconfiguredforeitherunipolarorbipolaroutput. Aunipolar
configurationhasarangeofOtoVrefattheanalogoutput Abipolarconfigurationhasarangeof
-VreftoVrefattheanalogoutput VrefisthevoltagereferenceusedbytheDACsintheanalog
outputcircuitryandcaneitherbetheonboardreferenceoranexternallysuppliedreference. Both
channelsneednotbeconfiguredthesameway;however,atthefactorybothchannelsare
configuredforbipolaroutput.

Bipolar Output Selection (Factory Setting)

Youselectthebipolaroutputconfigurationforeachanalogoutputchannelbysettingthefollowing
jumpers:

AnalogOutputChannel0: W6 A- B

AnalogOutputChannel1: W7 A- B

ThisconfigurationisshowninFigure2-10.
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W6 W7

111111111111111.

A B C A B C

ChannelO Channel1

Figure2-10. BipolarOutputConfiguration(FactorySetting)

Whenyouusethebipolarconfiguration,youneedtoselectwhethertowritestraightbinaryor
two'scomplementtotheDAC. Instraightbinarymode,datavalueswrittentotheanalogoutput
channelrangefromOto4095decimal(0toOFFFhex). Intwo'scomplementmode,datavalues
writtentothetheanalogoutputchannelrangefrom-2048to2047decimal(F800to07FFhex).

StraightBinazyMode

Thedatavaluewrittentoeachanalogoutputchannelisinterpretedasastraightbinarynumber
whenthefollowingjumpersareset:

AnalogOutputStraightBinaryforChannel0:

AnalogOutputStraightBinaryforChannel1:

ThisconfigurationisshowninFigure2-11.

W9

C

B

IA

ChannelO

C

B

A

W9 A-B

WlO A-B

WlO

..

I
ChannelI

Figure2-11. StraightBinaryMode

Two'sComplementMode(FactorySetting)

Thedatavaluewrittentoeachanalogoutputchannelisinterpretedasatwo'scomplementnumber
whenthefollowingjumpersareset:

AnalogOutputTwo'sComplementforChannel0:

AnalogOutputTwo'sComplementforChannel1:

Thisconfigurationis showninFigure2-12.
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W9 WlO

C I C

IB B

A A

ChannelO Channel1

Figure2-12. Two'sComplementMode(FactorySetting)

Unipolar Output Selection

Youselecttheunipolaroutputconfigurationforeachanalogoutputchannelbysettingthe
followingjumpers:

AnalogOutputChannel0:

AnalogOutputStraightBinaryforChannel0:

AnalogOutputChannel1:

AnalogOutputStraightBinaryforChannel1:

W6

W9

W7

WlO

B-C

A-B

B-C

A-B

Noticethatthestraightbinaryformatshouldbeusedwheninunipolaroutputmode.

ThisconfigurationisshowninFigure2-13.

W6 W7

I.- I. -
A B C A B C

Channel0 Channel1

W9 WlO

C 9 C 9

B

IA

B

IA

Channel0 Channel1

Figure2-13. UnipolarOutputConfiguration

Chapter2
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Note: IfyouareusingasoftwarepackagesuchasNI-DAQorLabVIEW2,youmayneedto
reconfigureyoursoftwaretoreflectanychangesinjumperorswitchsettings.

Installation

WithinthemanualshippedwithyourMacintoshcomputer,readtheinstructionsforinstallingthe
videocardinthemainunit Theseinstructionscanbeusedasauniversalboardinstallationguide.

ReadtheentireinstallationprocedurebeforeinstallingtheNB-MI0-16XintotheMacintosh. You
caninstalltheNB-MI0-16XinanyoftheMacintoshNuBusslots. However,toachievebest
noiseperformance,youshouldleaveasmuchroomaspossiblebetweentheNB-MI0-16Xand
otherboardsandhardware. Forinstance,ifthevideoboardisinSlot1andtheNB-MI0-16Xis
theonlyotherboardinthecomputer,youshouldinstallitinSlot3or4.

Signal Connections
ThissectiondescribesinputandoutputsignalconnectionstotheNB-MI0-16Xboardviathe
NB-MI0-16XI/0connector. Thissectionincludesconnectioninstructionsandsome
specificationsforthesignalsprovidedontheNB-MI0-16XI/0connector.

Warning: Connectionsthatexceedanyofthemaximumratingsofinputoroutputsignalsonthe
NB-MI0-16XmayresultindamagetotheNB-MI0-16XboardandtotheMacintosh
computer. Maximuminputratingsforeachsignalaregiveninthissectionunderthe
discussionofthatsignal. NationalInstrumentsisnotliableforanydamagesresulting
fromanysuchsignalconnections.

ThepinoutfortheNB-MI0-16XI/0connectorisshowninFigure2-14.
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AIGND 1 2 AIGND

ACHO 3 4 ACH8

ACRI 5 6 ACH9

ACH2 7 8 ACHlO

ACH3 9 10 ACHll

ACH4 11 12 ACH12

ACH5 13 14 ACH13

ACH6 15 16 ACH14

ACH7 17 18 ACH15

AISENSE 19 20 DACOOur

DAClOur 21 22 EXTREF

AOGND 23 24 DIGGND

ADIOO 25 26 BDIOO

ADIOl 27 28 BDIOI

ADI02 29 30 BDI02

ADI03 31 32 BDI03

DIGGND 33 34 +5V

+5 V 35 36 SCANCLK

EXTS1ROBE* 37 38 STARTIRIG*

STOPTRIG 39 40 EXTCONV*

SOURCE! 41 42 GA1El

Ourl 43 44 SOURCE2

GA1E2 45 46 0Uf2

SOURCES 47 48 GA1E5

ours 49 50 Four

Figure2-14. NB-MI0-16XI/0Connector

Thesignalsontheconnectorcanbeclassifiedasanaloginputsignals,analogoutputsignals,digital
I/0signals,digitalpowerconnections,andtimingI/0signals. Thefollowingsectionshavesignal
connectionguidelinesforeachofthesegroups.

Analog Input Signal Connections

Pins1through19oftheI/0connectorareanaloginputsignalpins. Pins1and2areAIGND
signalpins. AIGNDisananaloginputcommonsignalthatisrouteddirectlytothegroundtie
pointontheNB-MI0-16X. Thesepinscanbeusedforageneralanalogpowergroundtiepointto
theNB-MI0-16Xifnecessary. Pin19istheAISENSEpin. InNRSEmode,thispinis
connectedinternallytothenegative(-)inputoftheNB-MI0-16Xinstrumentationamplifier. In
DIFFmode,thissignalisconnectedtothereferencegroundattheoutputoftheinstrumentation
amplifier.
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Pins3through18areACH<15..0>signalpins. Thesepinsaretiedtothe16analoginput
channelsoftheNB-MI0-16X. Insingle-endedmode,signalsconnectedtoACH<l5..0>are
routedto thepositive(+)inputoftheNB-MI0-16Xinstrumentationamplifier. InDIFFmode,
signalsconnectedtoACH<7..0>areroutedtothepositive(+)inputoftheNB-MI0-16X
instrumentationamplifier,andsignalsconnectedtoACH<15..8>areroutedtothenegative(-)
inputoftheNB-MI0-16Xinstrumentationamplifier.

ThefollowinginputrangesandmaximumratingsapplytoinputsACH<15..0>:

DifferentialInputRange

CommonModeInputRange

InputRange

MaximumInputVoltageRating

±lOV

±7VwithrespecttoNB-MI0-16XAGND

±12VwithrespecttoNB-MI0-16XAGND

±20VforNB-MI0-16Xboardpoweredoff
±35VforNB-MI0-16Xboardpoweredon

Warning: Exceedingthedifferentialandcommonmodeinputrangeswillresultindistorted
inputsignals. Exceedingthemaximuminputvoltageratingmayresultindamageto
theNB-MI0-16XboardandtotheMacintoshcomputer. NationalInstrumentsis
notliableforanydamagesresultingfromanysuchsignalconnections.

ConnectionofanaloginputsignalstotheNB-MI0-16Xdependsontheconfigurationofthe
NB-MI0-16Xanaloginputcircuitryandthetypeofinputsignalsource. Thedifferent
NB-MI0-16XconfigurationsallowtheNB-MI0-16Xinstrumentationamplifiertobeusedin
differentways. Figure2-15showsadiagramoftheNB-MI0-16Xinstrumentationamplifier.

VIN+o------1

+

VMMeasured
Voltage

Figure2-15. NB-MI0-16XInstrumentationAmplifier

TheNB-MI0-16Xinstrumentationamplifierappliesgain,common-modevoltagerejection,and
high-inputimpedancetotheanaloginputsignalsconnectedtotheNB-MI0-16Xboard. Signals
areroutedtothepositive(+)andnegative(-)inputsoftheinstrumentationamplifierthroughinput
multiplexersontheNB-MI0-16X. Theinstrumentationamplifierconvertstwoinputsignalstoa
signalthatisthedifferencebetweenthetwoinputsignalsmultipliedbythegainsettingofthe
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amplifier. TheamplifieroutputvoltageisreferencedtotheNB-MI0-16Xground. The
NB-MI0-16XADCmeasuresthisoutputvoltagewhenitperformsNDconversions.

Chapter2

Allsignalsmustbereferencedtogroundsomewhere,eitheratthesourcedeviceoratthe
NB-MI0-16X. Ifyouhaveafloatingsource,youmustuseaground-referencedinputconnection
attheNB-MI0-16X. Ifyouhaveagroundedsource,youmustuseanon-referencedinput
connectionattheNB-MI0-16X.

Thefollowingsectionshaveconnectionguidelinesforsingle-endedanddifferentialconfigurations
andforgroundedandfloatingsignalsources.

Types of Signal Sources

WhenconfiguringtheinputmodeoftheNB-MI0-16Xandmakingsignalconnections,youmust
firstdeterminewhetherthesignalsourceisfloatingorground-referenced. Thesetwotypesof
signalsaredescribedinthefollowingsections.

Floating Signal Sources

Afloatingsignalsourceisonethatisnotconnectedinanywaytothebuildinggroundsystembut
ratherhasanisolatedgroundreferencepoint. Someexamplesoffloatingsignalsourcesare
outputsoftransformers,thermocouples,battery-powereddevices,opticalisolatoroutputs,and
isolationamplifiers. ThegroundreferenceofafloatingsignalmustbetiedtotheNB-MI0-16X
analoginputgroundinordertoestablishalocaloronboardreferenceforthesignal. Otherwise,
themeasuredinputsignalvariesorappearstofloat. Aninstrumentordevicethatprovidesan
isolatedoutputfallsintothefloatingsignalsourcecategory.

Ground-Referenced Signal Sources

Aground-referencedsignalsourceisonethatisconnectedinsomewaytothebuildingsystem
groundandisthereforealreadyconnectedtoacommongroundpointwithrespecttothe
NB-MI0-16Xboard,assumingthattheMacintoshispluggedintothesamepowersystem. Non-
isolatedoutputsofinstrumentsanddevicesthatplugintothebuildingpowersystemfallintothis
category.

Thedifferenceingroundpotentialbetweentwoinstrumentsconnectedto thesamebuildingpower
systemistypicallybetween1mVand100mV,butcanbemuchhigherifpowerdistribution
circuitsarenotproperlyconnected. Ifagroundedsignalsourceismeasuredimproperly,this
differencemayshowupasanerrorinthemeasurement. Thefollowingconnectioninstructionsfor
groundedsignalsourcesaredesignedtoeliminatethisgroundpotentialdifferencefromthe
measuredsignal.

Input Configurations

TheNB-MI0-16Xcanbeconfiguredforoneofthreeinputmodes: NRSE,RSE,orDIFF. The
followingsectionsdiscusstheuseofsingle-endedanddifferentialmeasurements,and
considerationsformeasuringbothfloatingandground-referencedsignalsources. Table2-4
summarizestherecommendedinputconfigurationforbothtypesofsignalsources.
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Table2-4. RecommendedInputConfigurationsforGround-Referenced
andFloatingSignalSources

Type of Signal Recommended Input Configuration

Ground-Referenced DIFF
(non-isolatedoutputs, NRSE
plug-ininstruments)

Floating DIFFwithbiasresistors
(batteries,thermocouples, RSE
isolatedoutputs)

Differential Connection Considerations (DIFF Configuration)

DifferentialconnectionsarethoseinwhicheachNB-MI0-16Xanaloginputsignalshasitsown
referencesignalorsignalreturnpath. TheseconnectionsareavailablewhentheNB-MI0-16Xis
configuredintheDIFFmode. Eachinputsignalistiedtothepositive(+)inputofthe
instrumentationamplifier,anditsreferencesignal,orreturn,istiedtothenegative(-) inputofthe
instrumentationamplifier.

WhentheNB-MI0-16XisconfiguredforDIFFinput,eachsignalusestwoofthemultiplexer
inputs-oneforthesignalandoneforitsreferencesignal. Therefore,onlyeightanaloginput
channelsareavailablewhenusingtheDIFFconfiguration. TheDIFFinputconfigurationshould
beusedwhenanyofthefollowingconditionsarepresent:

• Inputsignalsarelow-level(lessthan1V).

• Leadsconnectingthesignalsto theNB-MI0-16Xaregreaterthan15ft

• Anyoftheinputsignalsrequiresaseparategroundreferencepointorreturnsignal.

• Thesignalleadstravelthroughnoisyenvironments.

Differentialsignalconnectionsreduceinducednoiseandincreasecommonmodesignalandnoise
rejection. Theyalsopermitinputsignalstofloatwithinthecommonmodelimitsoftheinput
instrumentationamplifier.

Differential Connections for Grounded Signal Sources

Figure2-16showshowtoconnectaground-referencedsignalsourcetoanNB-MI0-16Xboard
configuredforDIFFinput. ConfigurationinstructionsareincludedunderAnalogInput
Configurationearlierinthischapter.
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Figure2-16. DifferentialInputConnectionsforGroundedSignalSources

Withthistypeofconnection,theinstrumentationamplifierrejectsboththecommonmodenoisein
thesignalandthegroundpotentialdifferencebetweenthesignalsourceandtheNB-MI0-16X
ground(shownasVcminFigure2-16).

Differential Connections for Floating Signal Sources

Figure2-17showshowtoconnectafloatingsignalsourcetoanNB-MI0-16Xboardconfigured
forDIFFinput ConfigurationinstructionsaredescribedunderAnalogInputConfigurationearlier
inthischapter.
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Figure2-17. DifferentialInputConnectionsforFloatingSources

The100kQresistorsshowninFigure2-17createareturnpathtogroundforthebiascurrentsof
theinstrumentationamplifier. Ifareturnpathisnotprovided,theinstrumentationamplifierbias
currentschargeupstraycapacitances,resultinginuncontrollabledriftandpossiblesaturationinthe
amplifier. Typically,valuesfrom 10kQto 100kQareused.

Aresistorfromeachinputtoground,asshowninFigure2-17,providesbiascurrentreturnpaths
foranAC-coupledinputsignal. Thissolution,althoughnecessaryforAC-coupledsignals,lowers
theinputimpedanceoftheanaloginputchannel. Inaddition,theinputoffsetcurrentofthe
instrumentationamplifiercontributesaDCoffsetvoltageattheinput Theamplifierhasa
maximuminputoffsetcurrentof±15nAandatypicaloffsetcurrentdriftof±20pN°C. Multiplied
bythe100kQresistor,thiscurrentcontributesamaximumoffsetvoltageof1.5mVandatypical
offsetvoltagedriftof2µV/°Cattheinput. KeepthisinmindwhenyouobserveDCoffsetswith
AC-coupledinputs.

IftheinputsignalisDC-coupled,thenonlytheresistorconnectingthenegative(-)signalinputto
groundisneeded. Thisconnectiondoesnotlowertheinputimpedanceoftheanaloginputchannel
orcauseanoffsetattheinput
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Single-Ended Connection Considerations

Single-endedconnectionsarethoseinwhichallNB-MI0-16Xanaloginputsignalsarereferenced
toonecommonground. Theinputsignalsaretiedtothepositive(+)inputoftheinstrumentation
amplifier,andtheircommongroundpointistiedtoitsnegative(-)input.

WhentheNB-MI0-16Xisconfiguredforsingle-endedinput(NRSEorRSE),16analoginput
channelsareavailable. Single-endedinputconnectionscanbeusedwhenthefollowingcriteriaare
metbyallinputsignals:

.. Inputsignalsarehigh-level(greaterthan1V).

.. LeadsconnectingthesignalstotheNB-MI0-16Xarelessthan15ft.

.. Allinputsignalsshareacommonreferencesignal(atthesource).

Ifanyoftheabovecriteriaisnotmet,usingDIFFinputconfigurationisrecommended.

TheNB-MI0-16Xcanbejumperconfiguredfortwodifferenttypesofsingle-endedconnections-
RSEconfigurationandNRSEconfiguration. TheRSEconfigurationisusedforfloatingsignal
sources. Inthiscase,theNB-MI0-16Xprovidesthereferencegroundpointfortheexternal
signal. TheNRSEconfigurationisusedforground-referencedsignalsources. Inthiscase,the
externalsignalsuppliesitsownreferencegroundpointandtheNB-MI0-16Xshouldnotsupply
one.

Single-Ended Connections for Floating Signal Sources (RSE Configuration)

Figure2-18showshowtoconnectafloatingsignalsourcetoanNB-MI0-16Xboardconfigured
forsingle-endedinput TheNB-MI0-16XanaloginputcircuitrymustbeconfiguredforRSE
inputtomakethesetypesofconnections. ConfigurationinstructionsareincludedunderAnalog
InputConfigurationearlierinthischapter.

Floating
Signal
Source

I/0Connector

..

1,2

ACH<0..15>

InputMultiplexer

NB-MI0-16XBoardinRSEConfiguration

Measured
Voltage

Figure2-18. Single-EndedInputConnectionsforFloatingSignalSources
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Single-Ended Connections for Grounded Signal Sources(NRSE Configuration)

Ifagroundedsignalsourceistobemeasuredwithasingle-endedconfiguration,thenthe
NB-MI0-16XmustbeconfiguredintheNRSEinputconfiguration. Thesignalisconnectedtothe
positive(+)inputoftheNB-MI0-16Xinstrumentationamplifierandthesignallocalground
referenceisconnectedtothenegative(-)inputoftheNB-MI0-16Xinstrumentationamplifier. The
groundpointofthesignalshouldthereforebeconnectedtotheAISENSEpin. Anypotential
differencebetweentheNB-MI0-16Xgroundandthesignalgroundappearsasacommonmode
signalatboththepositive(+)andnegative(-)inputsoftheinstrumentationamplifier,andthis
differenceisrejectedbytheamplifier. Ontheotherhand,iftheinputcircuitryofthe
NB-MI0-16Xisreferencedtoground,suchasintheRSEconfiguration,thisdifferenceinground
potentialsappearsasanerrorinthemeasuredvoltage.

Figure2-19showshowtoconnectagroundedsignalsourcetoanNB-MI0-16Xboardconfigured
intheNRSEconfiguration. ConfigurationinstructionsareincludedunderAnalogInput
Configurationearlierinthischapter.

Grmmd-
•
•

I/0Connector

ACH<0..15>

InputMultiplexer

NB-MI0-16XBoardinNRSEInputConfiguration

+
Measured
Voltage

Figure2-19. Single-EndedInputConnectionsforGroundedSignalSources

Common Mode Signal Rejection Considerations

Figures2-16and2-19showconnectionsforsignalsourcesthatarealreadyreferencedtosome
groundpointwithrespecttotheNB-MI0-16X. Inthesecases,theinstrumentationamplifiercan
rejectanyvoltageduetogroundpotentialdifferencesbetweenthesignalsourceandthe
NB-MI0-16X. Inaddition,withdifferentialinputconnections,theinstrumentationamplifiercan
rejectcommonmodenoisepickupintheleadsconnectingthesignalsourcesto theNB-MI0-16X.
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ThecommonmodeinputrangeoftheNB-MI0-16Xinstrumentationamplifierisdefinedasthe
magnitudeofthegreatestcommonmodesignalthatcanberejected.

ThecommonmodeinputrangefortheNB-MI0-16Xdependsonthesizeofthedifferentialinput
signal01diff=v+in- v-in)andthegainsettingoftheinstrumentationamplifier. Theexact
formulafortheallowedcommonmodeinputrangeisasfollows:

Vcliff*Gain
Vcm-max=± (12V- 2 )

wherethemaximumvalueforVcliffisasfollows:

±lOVrange
0to+10Vrange
±5Vrange

Vcliff-max=±10V
Vcliff-max=10V
Vcliff-max=±5V

Forexample,foradifferentialvoltageaslargeas20mVandagainof500,thelargestcommon
modevoltagethatcanberejectedis±7V. However,ifthedifferentialsignalis10mVwithagain
of500,±9.5Vcommonmodevoltagecanberejected.

ThecommonmodevoltageismeasuredwithrespecttotheNB-MI0-16Xgroundandcanbe
calculatedbythefollowingformula:

V
cv+in+v-in)

cm-actual= 2

where V\nisthesignalatthepositive(+)inputoftheinstrumentationamplifierandv-inisthe
signalatthenegative(-)inputoftheinstrumentationamplifier.

Iftheinputsignalcommonmoderangeexceeds±7VwithrespecttotheNB-MI0-16Xground,
youneedtolimittheamountoffloatingthatoccursbetweenthesignalgroundandthe
NB-MI0-16Xground.

Analog Output Signal Connections

Pins20through23oftheI/0connectorareanalogoutputsignalpins.

Pins20and21 aretheDACOOUTandDAClOUTsignalspins. DACOOUTisthevoltage
outputsignalforanalogoutputchannel0. DAClOUTisthevoltageoutputsignalforanalog
outputchannel1.

Pin22,EXTREF,istheexternalreferenceinputforbothanalogoutputchannels. Eachanalog
outputchannelmustbeconfiguredindividuallyforexternalreferenceselectioninorderforthe
signalappliedattheexternalreferenceinputtobeusedbythatchannel. Analogoutput
configurationinstructionsaredescribedunderAnalogOutputConfigurationearlierinthischapter.

ThefollowingrangesandratingsapplytotheEXTREFinput:

Usefulinputvoltagerange:

Absolutemaximumratings:

NB-MIO-I6XUserManual
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±25VpeakwithrespecttoAOGND
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Pin23,AOGND,isthegroundreferencepointforbothanalogoutputchannelsandforthe
externalreferencesignal.

Figure2-20showshowtomakeanalogoutputconnectionsandtheexternalreferenceinput
connectiontotheNB-MIQ..16Xboard. Ifneitherchannelisconfiguredtouseanexternal
referencesignal,donotconnectanythingtotheEXTREFpin.

External
Reference
Signal
(Optional)

Load

Load

+

VOUTO

VOUTl

+

22

20

21

EX1REF

DACOOUT
Channel0

DAClOUT

Channel1

AnalogOutputChannels

NB-MI0-16XBoard

Figure2-20. AnalogOutputConnections

TheexternalreferencesignalcanbeeitheraDCoranACsignal. Thisreferencesignalis
multipliedbytheDACcodetogeneratetheoutputvoltage.

Digital I/0 Signal Connections

Pins24through32oftheI/0connectoraredigitalI/0signalpins.

Pins25,27,29,and31 areconnectedtothedigitallinesADI0<3:0>fordigitalI/0portA Pins
26,28,30,and32areconnectedtothedigitallinesBDI0<3:0>fordigitalI/0portB. Pin24,
DIGGND,isthedigitalgroundpinforbothdigitalI/0ports. PortsAandBcanbeprogrammed
individuallytobeinputsoroutputs.

ThefollowingspecificationsandratingsapplytothedigitalI/0lines:

Absolutemaximumvoltage
inputrating:

©NationalInstrumentsCorporation
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DigitalInputSpecifications(referencedtoDIGGND):

Vrninputlogichighvoltage:
Vn...inputlogiclowvoltage:

Irninputcurrentload,
logichighinputvoltage:

Irr..inputcurrentload,
logiclowinputvoltage:

2Vminimum
0.8Vmaximum

40µAmaximum

-120µAmaximum

DigitalOutputSpecifications(referencedtoDIGGND):

VOHoutputlogichighvoltage:
VOLoutputlogiclowvoltage:

IoHoutputsourcecurrent,
logichigh:

loHoutputsinkcurrent,
logiclow:

2.4Vminimum
0.5Vmaximum

2.6mAmaximum

24mAmaximum

Chapter2

Withthesespecifications,eachdigitaloutputlinecandrive11 standardTTLloadsandover50LS
TTLloads.

Figure2-21depictssignalconnectionsforthreetypicaldigitalI/0applications.
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Figure2-21. DigitalI/0Connections

InFigure2-21,portAisconfiguredfordigitaloutput,andportBisconfiguredfordigitalinput.
DigitalinputapplicationsincludereceivingTILsignalsandsensingexternaldevicestatessuchas
thestateoftheswitchinFigure2-21. DigitaloutputapplicationsincludesendingTILsignalsand
drivingexternaldevicessuchastheLEDshowninFigure2-21.

Power Connections

Pins34and35oftheI/0connectorprovide+5VfromtheMacintoshpowersupply. Thesepins
arereferencedtoDIGGNDandcanbeusedtopowerexternaldigitalcircuitry.

Powerrating: 0.5Aat+5V±10%

Warning: Undernocircumstancesshouldthese+5Vpowerpinsbeconnecteddirectlytoanalog
ordigitalgroundortoanyothervoltagesourceontheNB-MI0-16Xoranyother
device. DoingsomaydamagetheNB-MI0-16XandtheMacintosh. National
Instrumentsisnotliablefordamageresultingfromsuchaconnection.
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Timing Connections

Pins36through50oftheI/0connectorareconnectionsfortimingI/0signals. Pins36through
40carrysignalsusedfordataacquisitiontiming. ThesesignalsareexplainedunderData
AcquisitionTimingConnectionslaterinthischapter. Pins41 through50carrygeneral-purpose
timingsignalsprovidedbytheonboardAm9513ACounter!fimer. Thesesignalsareexplained
underGeneral-PurposeTimingSignalConnectionslaterinthischapter.

Data Acquisition Timing Connections

ThedataacquisitiontimingsignalsareSCANCLK,EXTSTROBE*,STARTTRIG*,STOPTRIG,
andEXTCONV*.

SCANCLKisanoutputsignalthatgeneratesalow-to-highedgewheneveranNDconversion
begins. SCANCLKpulsesonlywhenscanningisenabledontheNB-MI0-16X. SCANCLKis
normallyhighandpulseslowforapproximately1µsecbeforetheNDconversionbegins. The
low-to-highedgecanbeusedtoclockexternalanaloginputmultiplexers. TheSCANCLKsignal
isdrivenbyoneLSTTLgate.

AlowpulseisgeneratedontheEXTSTROBE*pinwhentheExternalStrobeRegisterisloaded
(seeExternalStrobeRegisterinChapter4,Programming). Figure2-22showsthetimingforthe
EXTSTROBE*signal.

65nsecminimum
90nsectypical

Figure2-22. EXTSTROBE*SignalTiming

Thepulseistypically90nsecandisaminimum65nsecinwidth. TheEXTSTROBE*signalisan
LSTTLsignalthatcanbeusedbyanexternaldevicetolatchsignalsortriggerevents.

NDconversionscanbeexternallytriggeredwiththeEXTCONV*pin. Applyinganactivelow
pulsetotheEXTCONV*initiatesanNDconversion. TheNDconversionisinitiatedbythelow-
to-highedgeoftheappliedpulse. Figure2-23showsthetimingrequirementsfortheEXTCONV*
signal.
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lw 50nsecminimum

NDconversionstartswithin
100nsecfromthispoint

Figure2-23. EXTCONV*SignalTiming

Theminimumallowedpulsewidthis50nsec. AnAIDconversionstartswithin100nsecofthe
low-to-highedge. Thereisnomaximumpulsewidthlimitation. EXTCONV*shouldbehighfor
atleast50nsecbeforegoinglow. TheEXTCONV*signalisoneLSTTLloadandispulledupto
+5Vthrougha4.7illresistor.

Note: EXTCONV*isalsodrivenbytheoutputofCounter3oftheAm9513ACounterffimer.
Thiscounterisalsoreferredtoasthesample-intervalcounter. TheoutputofCounter3
mustbedisabledtoahigh-impedancestateifAIDconversionsaretobecontrolledby
pulsesappliedtotheEXTCONV*pin. IfCounter3isusedtocontrolAIDconversions,its
outputsignalcanbemonitoredattheEXTCONV*pin.

Anydataacquisitionsequencecontrolledbytheonboardsample-intervalandsamplecounterscan
beinitiatedbyanexternaltriggerappliedtotheSTARTTRIG*pin. Ifconversionsaregenerated
bytheEXTCONV*signal,STARTIRIG*doesnotaffecttheacquisitiontiming. Oncethetwo
countersareinitializedandarmed,applyingafallingedgetotheSTARTIRIG*pinstartsthe
counters,therebyinitiatingadataacquisitionsequence.

Thedataacquisitionoperationisinitiatedbythehigh-to-lowedgeoftheappliedpulse. Figure
2-25showsthetimingrequirementsfortheSTARTTRIG*signal.

vlli-~-0;;:.~-=--tw-=--~i ~ }----
V1L [ tw 50nsecminimum

FirstNDconversionstartswithin
1sampleintervalfromthispoint

Figure2-24. STARTTRIG*SignalTiming

Theminimumallowedpulsewidthis50nsec. ThefirstAIDconversionstartswithinonesample
intervalfromthehigh-to-lowedge. ThesampleintervaliscontrolledbyCounter3. Thisclock
periodistheclockperiodofthetimebaseorsourcesignalusedbythesample-intervalcounter.
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Thereisnomaximumpulsewidthlimitation;however,STARTIRIG*shouldbehighforatleast
50nsecbeforegoinglow. TheSTARTIRIG*signalisoneLSTTLloadandispulledupto+5V
througha4.7kOresistor.

TheSTOPTRIGpinisusedduringNB-MI0-16Xpretriggereddataacquisitionoperations. In
pretriggeredmode,thedataacquisitionoperationisstartedbutnosamplecountingoccursuntila
risingedgeisappliedtotheSTOPTRIGpin. Theacquisitionthencompleteswhenthesample
counterdecrementsto0. Thismodeacquiresdatabothbeforeandafterahardwaretriggeris
received. Figure2-25showsthetimingrequirementsfortheSTOPTRIGsignal.

Figure2-25. STOPTRIGSignalTiming

TheSTOPTRIGsignalispulledupto+5Vthrougha4.7kQresistor.

General-Purpose Timing Signal Connections

Thegeneral-purposetimingsignalsincludetheGATE,SOURCE,andOUTsignalsforthe
Arn9513ACounters1,2,and5,andtheFOUTsignalgeneratedbytheArn9513A. Counters1,2,
and5oftheArn9513ACounterffimercanbeusedforgeneral-purposeapplicationssuchaspulse
andsquarewavegeneration,eventcounting,andpulse-width,time-lapse,andfrequency
measurements. Fortheseapplications,SOURCEandGATEsignalscanbedirectlyappliedtothe
countersfrom theI/0connector,andthecountersareprogrammedforvariousoperations.

TheArn9513ACounterffimerisdescribedbrieflyinChapter3,TheoryofOperation. Fordetailed
programminginformation,consulttheArn9513AdatasheetinAppendixC,AMDDataSheet. For
detailedapplicationsinformation,consultthetechnicalmanualTheAm9513A/Am9513System
TimingControllerpublishedbyAdvancedMicroDevices,Inc.

PulsesandsquarewavescanbeproducedbyprogrammingCounter1,2,or5togenerateapulse
signalatitsOUToutputpinortotoggletheOUTsignaleachtimethecounterreachestheterminal
count.

Foreventcounting,oneofthecountersisprogrammedtocountrisingorfallingedgesappliedto
anyoftheArn9513ASOURCEinputs. Thecountervaluecanthenbereadtodeterminethe
numberofedgesthathaveoccurred. Counteroperationcanbegatedonandoffduringevent
counting. Figure2-26showsconnectionsforatypicalevent-countingoperationwhereaswitchis
usedtogatethecounteronandoff.
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Figure2-26. Event-CountingApplicationwithExternalSwitchGating

Toperformpulse-widthmeasurement,acounterisprogrammedtobelevelgated. Thepulsetobe
measuredisappliedtothecounterGATEinput. Thecounterisprogrammedtocountwhilethe
signalattheGATEinputiseitherhighorlow. Ifthecounterisprogrammedtocountaninternal
timebase,thenthepulsewidthisequaltothecountervaluemultipliedbythetimebaseperiod.

Fortime-lapsemeasurement,acounterisprogrammedtobeedgegated. Anedgeisappliedtothe
counterGATEinputtostartthecounter. Thecountercanbeprogrammedtostartcountingafter
receivingeitherahigh-to-lowedgeoralow-to-highedge. Ifthecounterisprogrammedtocount
aninternaltimebase,thenthetimelapsesincereceivingtheedgeisequaltothecountervalue
multipliedbythetimebaseperiod.

Tomeasurefrequency,acounterisprogrammedtobelevelgatedandtherisingorfallingedgesare
countedinasignalappliedtoaSOURCEinput. ThegatesignalappliedtothecounterGATEinput
isofsomeknownduration. Inthiscase,thecounterisprogrammedtocounteitherrisingor
fallingedgesattheSOURCEinputwhilethegateisapplied. Thefrequencyoftheinputsignalis
thenthecountvaluedividedbytheknowngateperiod. Figure2-27showstheconnectionsfora
frequencymeasurementapplication. Asecondcountercouldalsobeusedtogeneratethegate
signalinthisapplication.
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I/0Connector
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33 DIGGND

NB-MI0-16XBoard

Figure2-27. FrequencyMeasurementApplication

Chapter2

TwoormorecounterscanbeconcatenatedbytyingtheOUTsignalfromonecountertothe
SOURCEsignalofanothercounter. Thecounterscanthenbetreatedasone32-bitor48-bit
counterformostcountingapplications.

TheGATE,SOURCE,andOUTsignalsforCounters1,2,and5,andtheFOUToutputsignalare
tieddirectlyfromtheAm9513AinputandoutputpinstotheI/0connector. Inaddition,theGATE
andSOURCEpinsarepulledupto+5Vthrougha4.7illresistor.

Thefollowingspecificationsandratingsapplyto theAm9513AI/0signals:

Absolutemaximumvoltage
inputrating: -0.5Vto+7.0VwithrespecttoDIGGND

Am9513ADigitalInputSpecifications(referencedtoDIGGND):

Vrn:inputlogichighvoltage: 2.2Vminimum

VILinputlogiclowvoltage: 0.8Vmaximum

Inputloadcurrent: ±10µAmaximum

Am9513ADigitalOutputSpecifications(referencedtoDIGGND):

VOHoutputlogichighvoltage: 2.4Vminimum
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VOLoutputlogiclowvoltage:

loHoutputsourcecurrent,
atVoH:

IoHoutputsinkcurrent,
atVoL:

Outputcurrent,high-impedance
state:

ConfigurationandInstallation

0.4Vmaximum

200µAmaximum

3.2mAmaximum

±25µAmaximum

Figure2-28showsthetimingrequirementsfortheGATEandSOURCEinputsignalsandthe
timingspecificationsfortheOUToutputsignalsoftheAm9513A.

V
SOURCE IB

Vn.,

GATE

our

lgw

lout

lsc 145nsecminimum

tsp 70nsecminimum
lgsu 100nsecminimum
lgh 10nsecminimum
lgw 145nsecminimum

tout 300nsecmaximum

Figure2-28. General-PurposeTimingSignals

TheGATEandOUTsignaltransitionsinFigure2-28arereferencedtotherisingedgeofthe
SOURCEsignal. Thistimingdiagramassumesthatthecountersareprogrammedtocountrising
edges. Thesametimingdiagram,withthesourcesignalinvertedandreferencedtothefallingedge
ofthesourcesignal,appliestothecaseinwhichthecounterisprogrammedtocountfallingedges.

ThesignalappliedataSOURCEinputcanbeusedasaclocksourcebyanyoftheAm9513A
counter/timersandbytheAm9513AfrequencydivisionoutputFOUT. Thesignalappliedtoa
SOURCEinputmustnotexceedafrequencyof6MHzforproperoperationoftheAm9513A. The
Am9513Acounterscanbeindividuallyprogrammedtocountrisingorfallingedgesofsignals
appliedatanyoftheAm9513ASOURCEorGATEinputpins.
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InadditiontothesignalsappliedtotheSOURCEandGATEinputs,theAm9513Ageneratesfive
internaltimebaseclocksfromtheclocksignalsuppliedbytheNB-MI0-16X. Theseclockscanbe
usedascountingsources,andtheyhaveamaximumskewof75nsecbetweenthem. The
SOURCEsignalshowninFigure2-28representsanyofthesignalsappliedattheSOURCE
inputs,GATEinputs,orinternaltimebaseclocks. SeetheAm9513AdatasheetinAppendixC,
AMDDataSheet,forfurtherdetails.

SpecificationsforsignalsattheGATEinputarereferencedtothesignalattheSOURCEinputor
oneoftheAm9513Ainternallygeneratedsignals. Figure2-28showstheGATEsignalreferenced
totherisingedgeofasourcesignal. Thegatemustbevalid(eitherhighorlow)atleast100nsec
beforetherisingorfallingedgeofasourcesignalforthegatetotakeeffectatthatsourceedge(as
shownbytgsuand!izhinFigure2-28). Similarly,thegatesignalmustbeheldforatleast10nsec
aftertherismgorfallingedgeofasourcesignalforthegatetotakeeffectatthatsourceedge. The
gatehighorlowperiodmustbeatleast145nsecinduration. Ifaninternaltimebaseclockisused,
thegatesignalcannotbesynchronizedwiththeclock. Inthiscase,gatesappliedclosetoasource
edgetakeeffecteitheronthatsourceedgeoronthenextone. Thisarrangementprovidesan
uncertaintyofonesourceclockperiodwithrespecttounsynchronizedgatingsources.

SignalsgeneratedattheOUToutputarereferencedtothesignalattheSOURCEinputortooneof
theAm9513Ainternallygeneratedclocksignals. Figure2-28showstheOUTsignalreferencedto
therisingedgeofasourcesignal. AnyOUTsignalstatechangesoccurwithin300nsecafterthe
sourcesignalrisingorfallingedge.

Cabling andFieldWiring
ThissectiondiscussescablingandfieldwiringguidelinesfortheNB-MI0-16Xboard.

Field Wiring Considerations

AccuracyofmeasurementsmadewiththeNB-MI0-16Xcanbeseriouslyaffectedby
environmentalnoiseifproperconsiderationsarenottakenintoaccountwhenrunningsignalwires
betweensignalsourcesandtheNB-MI0-16Xboard. Thefollowingrecommendationsapply
mainlytoanaloginputsignal-routingtotheNB-MI0-16Xboard,thoughtheyareapplicablefor
signalroutingingeneral.

Noisepickupcanbeminimizedandmeasurementaccuracymaximizedbydoingthefollowing:

• Useindividuallyshielded,twisted-pairwirestoconnectanaloginputsignalstothe
NB-MI0-16X. Withthistypeofwire,thesignalsattachedtotheCH+andCH- inputsare
twistedtogetherandthencoveredwithashield. Thisshieldisthenconnectedatonlyonepoint
tothesignalsourceground. Thiskindofconnectionisrequiredforsignalstravelingthrough
areaswithlargemagneticfieldsorhighelectromagneticinterference.

• Usedifferentialanaloginputconnectionstorejectcommonmodenoise.

ThefollowingrecommendationsapplyforallsignalconnectionstotheNB-MI0-16X:

• PhysicallyseparateNB-MI0-16Xsignallinesfromhigh-currentorhigh-voltagelines. These
linesarecapableofinducingcurrentsinorvoltagesontheNB-MI0-16Xsignallinesifthey
runinparallelpathsataclosedistance. Reducethemagneticcouplingbetweenlinesby
separatingthembyareasonabledistanceiftheyruninparallel,orbyrunningthelinesatright
anglestoeachother.
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• DonotrunNB-MI0-16Xsignallinesthroughconduitsthatalsocontainpowerlines.

• ProtectNB-MI0-16Xsignallinesfrommagneticfieldscausedbyelectricmotors,welding
equipment,breakers,ortransformersbyrunningtheNB-MI0-16Xsignallinesthroughspecial
metalconduits.

Cabling Considerations

NationalInstrumentshasacableterminationaccessory,theCB-50,forusewiththeNB-MI0-16X
board. Thiskitincludesaterminated50-conductorflatribboncableandaconnectorblock. Signal
I/0leadscanbeattachedtoscrewterminalsontheconnectorblockandtherebyconnectedtothe
NB-MI0-16XI/0connector.

TheCB-50isusefulforprototypinganapplicationorinsituationswhereNB-MI0-16X
interconnectionsarefrequentlychanged. Onceafinalfieldwiringschemehasbeendeveloped,
however,youmaywishtodevelopyourowncable. Thissectioncontainsinformationand
guidelinesfordesignofsuchacable.

TheNB-MI0-16XI/0connectorisa50-pinmaleribboncableheader. Recommended
manufacturerpartnumbersforthisheaderareasfollows:

3MScotchflex
T&BCorporation/AnsleyElectronicsDivision

partnumber3596-5002
partnumber609-5007

ThematingconnectorfortheNB-MI0-16Xisa50-position,ribbonsocketconnector,polarized,
withstrainrelief. NationalInstrumentsusesapolarized(keyed)connectortopreventinadvertent
upsidedownconnectiontotheNB-MI0-16X. Recommendedmanufacturerpartnumbersforthis
matingconnectorareasfollows:

3MScotchflex
T&BCorporation/AnsleyElectronicsDivision

partnumber3425-7650
partnumber609-5041CE

Astandardribboncable(50-conductor,28AWG,stranded)canbeusedwiththeseconnectors.
Recommendedmanufacturerpartnumbersforthisribboncableareasfollows:

3MScotchflex
T&BCorporation/AnsleyElectronicsDivision

partnumber3365/50
partnumber171-50

Inmakingyourowncabling,youmaywanttoshieldyourcables. Thefollowingguidelinesmay
help:

Fortheanaloginputsignals,shieldedtwisted-pairwiresforeachanaloginputpairyieldthe
bestresults,assumingthatdifferentialinputsareused. Tietheshieldforeachsignalpairtothe
groundreferenceatthesource.

Theanaloglines,pins1through23,shouldberoutedseparatelyfromthedigitallines,pins24
through50.

Whenusingacableshield,useseparateshieldsfortheanaloganddigitalhalvesofthecable.
Failuretodosowillresultinnoisefromswitchingdigitalsignalscouplingintotheanalog
signals.
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Chapter 3
Theory of Operation

ThischaptercontainsafunctionaloverviewoftheNB-MI0-16Xandexplainstheoperationof
eachfunctionalunitmakinguptheNB-MI0-16X.

Functional Overview
TheblockdiagraminFigure3-1isafunctionaloverviewoftheNB-MI0-16Xboard.
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£
C:-<n
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DataBus

~ Internal
i ControlBus

RTSIBus

RI'SIBusInterface

Data
Acquisition
Tlffiing

Figure3-1. NB-MI0-16XBlockDiagram
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ThefollowingarethemajorconstituentsoftheNB-MI0-16Xboard:

• NuBusinterfacecircuitry

0 Analoginputanddataacquisitioncircuitry

• Analogoutputcircuitry

• DigitalI/0circuitry

• Timing1/0circuitry

• RTSIbusinterfacecircuitry

Chapter3

Theinternaldataandcontrolbusesinterconnectthecomponents. Thetheoryofoperationofeach
ofthesecomponentsisexplainedintheremainderofthischapter.

NuBus Interface Circuitry
TheNB-MI0-16Xisafull-sized16-bitNuBusslaveboard. TheNuBusisa32-bitaddressand
databuswitha10MHzclock. Inaddition,theNuBusprovidesinterfacesignalsforreadand
writeoperations,andaninterruptlinethatmaybedrivenbyboardsinNuBusslots. The
componentsmakinguptheNB-MI0-16XNuBusinterfacecircuitryareshowninFigure3-2.

/CLOCK(10:MHz) -

l
NuBus

NuBusTrrninl? Interface
Tuning-

"' 32 Data=_ /AD<31:0>= \= . Transceiversz

Address
IHli"" Latches

- NMR-
l..jll!lo, Slot

/ID<3:0> - Decoder-

Onboard
Clock
Generation

- 1~.
'

l..jll!lo, Configuration

r-1111=' ROM

•
i..a,.. Address

Decoder

•

- 10:MHzClock

1:MHzClock

ReadandWrite
Signals

Internal
DataBus

Internal
Address
Bus

Register
Selects

NB-1v1I0-16X
Interrupt

Figure3-2. NuBusInterfaceCircuitryBlockDiagram
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TheNuBusinterfacecircuitryconsistsofslot-decodingcircuitry,addresslatches,data
transceivers,interfacetimingsignals,addressdecodingcircuitry,EPROM,NMRinterrupt
circuitry,andcircuitrytogenerateonboard10MHzand1MHzclocks. Thisinterfacecircuitry
generatesthesignalsnecessarytocontrolandmonitortheoperationoftheNB-MI0-16Xmultiple
functioncircuitry.

Theslot-decodingcircuitryontheNB-MI0-16XmatchesNuBusaddresslines24through27to
slotIDlinesprovidedbytheslotinwhichtheboardresides. Thismatchingisusedbytheboardto
determinewhentheslotthatitoccupiesisbeingaddressed. EachslotintheMacintoshNuBushas
auniqueslotaddress. TheNuBusaddresslinesOthrough19arelatchedbytheonboardaddress
latches. TheseaddresslinesaredecodedbytheNB-MI0-16Xaddress-decodingcircuitryinorder
togenerateselectsignalsfortheonboardconfigurationROMandotherregisters. Addresslines20
through23areleftundecodedbytheNB-MI0-16XboardsothattheNB-MI0-16Xiscompatible
withboththe24-bitand32-bitbusmodesusedbytheMacintoshNuBus.

TheNB-MI0-16Xisa16-bitinterfaceboardandthereforeusesonly16ofthe32datalinesonthe
NuBus. TheNuBusinterfacetimingsignalsaredecodedbytheNB-MI0-16XNuBusinterface
timingcircuitry,whichgeneratestheproperreadandwritesignalsfortheremainingNB-MI0-16X
circuitry. TheNuBus10MHzclockisusedtoclocktheNuBusinterfacetimingcircuitry. This
clockisalsobufferedonboard,andgeneratesa1MHzclockforthecounter/timerand2,5,and10
MHzclocksforrunningtheADC.

TheconfigurationROMisan8kilobyteEPROMthatcontainsinformationpertinenttothe
NB-MI0-16Xboard. ThisROMisreadbytheMacintoshSlotManageratsystemstartup. Itis
requiredbytheNuBusandisusedbytheMacintoshoperatingsystemandothersoftwareto
identifytheboard.

TheNB-MI0-16XisabletocauseinterruptsintheMacintoshNuBusbydrivingtheNuBusNMR
interruptline.

Analog Input andDataAcquisition Circuitry
TheNB-MI0-16Xhandles16channelsofanaloginputwithsoftware-programmablegainand
16-bitAIDconversion. Inaddition,theNB-MI0-16Xcontainsdataacquisitioncircuitryfor
automatictimingofmultipleAIDconversionsandincludesadvancedoptionssuchasexternal
triggering,gating,andclocking. Figure3-3showsablockdiagramoftheanaloginputanddata
acquisitioncircuitry.
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Analog Input Circuitry

Theanaloginputcircuitryconsistsofaninputmultiplexer,multiplexermodeselectionjumpers,a
software-programmablegaininstrumentationamplifier,a16-bitADC,anda16-bitFIFO.

TheinputmultiplexerconsistsoftwoCMOSanaloginputmultiplexersandhas16analoginput
channels. MultiplexerMUXOisconnectedtoanaloginputchannelsOthrough7. Multiplexer
MUXlisconnectedtoanaloginputchannels8through15. Theinputmultiplexersprovideinput
overvoltageprotectionof±35Vpoweredonand±20Vpoweredoff.

Themultiplexermodeselectionjumpersconfiguretheanaloginputchannelsas 16single-ended
inputsor8differentialinputs. Whensingle-endedmodeisselected,theoutputsofthetwo
multiplexersaretiedtogetherandroutedtothepositive(+)inputoftheinstrumentationamplifier.
Thenegative(-)inputoftheinstrumentationamplifieristiedtotheNB-MI0-16XgroundforRSE
inputortotheanalogreturnoftheinputsignalsviatheAISENSEinputontheI/0connectorfor
NRSEinput. WhenDIFFmodeisselected,theoutputofMUXOisroutedtothepositive(+)input
oftheinstrumentationamplifier,andtheoutputofMUXlisroutedtothenegative(-)inputofthe
instrumentationamplifier.

Theinstrumentationamplifierfulfills twopurposesontheNB-MI0-16Xboard Itconvertsa
differentialinputsignalintoasingle-endedsignalwithrespecttotheNB-MI0-16Xgroundfora
minimuminputcommonmoderejectionratioof75dB. Thisconversionallowstheinputanalog
signaltobeextractedfromanycommonmodevoltageornoisebeforebeingsampledand
converted Theinstrumentationamplifieralsoappliesgaintotheinputsignal,allowinganinput
analogsignaltobeamplifiedbeforebeingsampledandconverted,andthusincreasing
measurementresolutionandaccuracy. Thegainoftheinstrumentationamplifierisselectedunder
softwarecontrol. TheNB-MI0-16XL(Lstandsforlow-levelsignals)providesgainsof1,10,
100,and500. TheNB-MI0-16XH(Hstandsforhigh-levelsignals)providesgainsof1,2,4,
and8.

Selectionoftheanaloginputchannelandthegainsettingsiscontrolledbythemux-gainmemory.
Themux-gainmemoryprovidestwogaincontrolbitstotheinstrumentationamplifierandfour
multiplexeraddressbitstotheinputmultiplexersandmultiplexermodeselectioncircuitrythat
selecttheanaloginputchannels. Operationofthemux-gainmemoryisexplainedinmoredetail
underDataAcquisitionTimingCircuitrylaterinthischapter.

TheADCisa16-bitsuccessiveapproximationsamplingADC. The16-bitresolutionofthe
converterallowstheADCtoresolveitsinputrangeinto65536differentsteps. Thisresolutionalso
providesa16-bitdigitalwordthatrepresentsthevalueoftheinputvoltagelevelwithrespecttothe
converterinputrange. TheADCsupportsfourinputrangesthatcanbeselectedbysettingjumpers
ontheboardandsettingasoftwarebit: -10to+10V,-5 to+5V,0to+10V,andOto+5V. The
NB-MI0-16XADCisavailableintwodifferentmaximumconversiontimes: 42or18µsec.

WhenanAIDconversioniscomplete,theADCclockstheresultintotheAIDFIFO. TheND
FIFOis16bitswideand16wordsdeep. ThisFIFOservesasabuffertotheADCandprovides
twobenefits. AnytimeanAIDconversioniscomplete,thevalueissavedintheAIDFIFOforlater
reading,andtheADCisfreetostartanewconversion. Secondly,theAIDFIFOcancollectupto
16AIDconversionvaluesbeforeanyinformationislost,thusallowingsoftwareorDMAextra
time(16timesthesampleinterval)tocatchupwiththehardware. Ifmorethan16valuesare
storedintheAIDFIFOandtheNDFIFOisnotread,anerrorconditioncalledAIDFIFOoverflow
occursandAIDconversioninformationislost.
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TheAIDFIFOgeneratesasignalthatindicateswhenitcontainsAIDconversiondata. Thestateof
thissignalcanbereadfromtheNB-MI0-16XStatusRegister. Thissignalcanbeusedtogenerate
aDMArequestsignalortogenerateaninterrupt

TheNB-MI0-16Xcanbeprogrammedtogenerateeitherstraightbinarynumbersortwo's
complementnumbers. StraightbinarynumbersrangefromOto65535;two'scomplement
numbersrangefrom-32768to+32767. Two'scomplementnumbersaregeneratedontheboard
fromstraightbinarynumbersbyinvertingthemostsignificantbit.

Data Acquisition Timing Circuitry

AdataacquisitionoperationreferstotheprocessoftakingasequenceofAIDconversionswiththe
sampleinterval(thetimebetweensuccessiveAIDconversions)carefullytimed. Thedata
acquisitiontimingcircuitryconsistsofvariousclocksandtimingsignals. Threetypesofdata
acquisitionaresupportedbytheNB-MI0-16Xboard: single-channeldataacquisition,multiple-
channeldataacquisitionwithcontinuousscanning,andmultiple-channeldataacquisitionwith
intervalscanning.

Scanneddataacquisitionusesthemuxcounterandthemux-gainmemorytoautomaticallyswitch
betweenanaloginputchannelsduringdataacquisition. Continuousscanningcyclesthroughthe
mux-gainmemorywithoutanydelaysbetweencycles. Intervalscanningassignsatimeinterval
calledthescanintervaltoeachcyclethroughthemux-gainmemory. Thescanintervalisbasically
thetimebetweenstartsforeachcyclethroughthemux-gainmemory.

Dataacquisitiontimingconsistsofsignalsthatinitiateadataacquisitionoperation,initiate
individualAIDconversions,gatethedataacquisitionoperation,andgeneratescanningclocks. The
sourcesforthesesignalscanbesuppliedbytimersontheNB-MI0-16Xboard,bysignals
connectedtotheNB-MI0-16XI/0connector,orbysignalsfromotherNBSeriesboards
connectedtotheRTSIbus.

SingleAIDconversionscanbeinitiatedbyapplyinganactivelowpulsetotheEXTCONV*input
ontheI/0connectororwritingtotheStartConvertRegisterontheNB-MI0-16Xboard. During
dataacquisition,theonboardsample-intervalcounter(Counter3oftheAm9513ACounter/Timer)
generatespulsesthatinitiateAIDconversions. Thesampleintervalcanbecontrolledexternallyby
applyingastreamofpulsesattheEXTCONV*input Inthiscase,youhavecompleteexternal
controloverthesampleintervalandthenumberofAIDconversionsperformed.

Thesample-intervaltimerisa16-bitdowncounterthatcanbeusedwiththefiveinternaltimebases
oftheAm9513Atogeneratesampleintervalsfrom2µsecto6sec(seeTimi.ng110Circuitrylaterin
thischapter). Thesample-intervaltimercanalsouseanyoftheexternalclockinputstothe
Am9513Aasatimebase. Duringdataacquisition,thesampleintervalcountsdownattherate
givenbytheinternaltimebaseorexternalclock. Eachtimethesample-intervaltimerreaches0,it
generatesapulseandreloadswiththeprogrammedsample-intervalcount Thisoperation
continuesuntildataacquisitionhalts.

Dataacquisitioncanbecontrolledbytheonboardsamplecounter. Thiscounterisloadedwiththe
numberofsamplestobetakenduringadataacquisitionoperation. Thesamplecountercanbe
16-bitforcountsupto65535or32-bitforcountsupto(232- 1). Ifa16-bitcounterisneeded,
Counter4oftheAm9513ACounter/Timerisused. Ifmorethan16bitsareneeded,Counter4is
concatenatedwithCounter5oftheAm9513Atoforma32-bitcounter. Thesamplecounter
decrementsitscounteachtimethesample-intervalcountergeneratesanAIDconversionpulse,and
thesamplecounterstopsthedataacquisitionprocesswhenitcountsdownto0.
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ThesamplecountercanbetriggeredexternallywiththeSTOPTRIGinputontheNB-MI0-16XI/0
connector. ThecounterdoesnotbegincountingtheNDconversionpulsesuntilarisingedge
signaloccursonSTOPTRIG. Withthismethod,NDconversionsamplescanbecollectedboth
beforeandafterahardwaretriggerisreceived.

ThedataacquisitionprocesscanbeinitiatedbywritingtotheStartDAQRegisteronthe
NB-MI0-16Xboardorbyapplyinganactivelowpulseto theSTARTIRIG*inputonthe
NB-MI0-16XI/0connector. Thesetriggersstartthesample-intervalandsamplecounters. The
sample-intervalcounterthenmanagesthedataacquisitionprocessuntilthesamplecounter
reaches0.

Single°Channel Data Acquisition

Duringsingle-channeldataacquisition,themux-gainmemoryissetuptoselectthegainandanalog
inputchannelbeforedataacquisitionisinitiated. Thesegainandmultiplexersettingsremain
constantduringtheentiredataacquisitionprocess;therefore,allNDconversiondataisreadfroma
singlechannel.

Multiple°Channel (Scanned) Data Acquisition

Multiple-channeldataacquisitionisperformedbyenablingscanningduringdataacquisition.
Multiple-channelscanning-iscontrolledbythemuxcounterandthemux-gainmemory.

Themux-gainmemoryconsistsof16wordsofmemory. Eachwordofmemorycontainsa
multiplexeraddress(4bits)forinputanalogchannelselection,againsetting(2bits),andabit
indicatingiftheentryisthelastinthescansequence. Themux-gainmemoryaddressiscontrolled
bythemuxcounter. Wheneveramux-gainmemoryaddresslocationisselected,themultiplexer
andgaincontrolbitscontainedinthatmemorylocationareappliedtotheanaloginputcircuitry.
Forscanningoperations,themuxcounterstepsthroughsuccessivelocationsinthemux-gain
memoryataratedeterminedbythescanclock. Themux-gainmemory,therefore,allowsan
arbitrarysequenceofchannels(16maximum),withaseparategainsettingforeachchanneltobe
clockedthroughduringascanningoperation.

Boththemuxcounterandthemux-gainmemorycanbedirectlywrittentothroughNB-MI0-16X
registers. Forwritingpurposes,themuxcounterservesasapointertothemux-gainmemory.
Thecountercanbeloadedwithany4-bitvaluetopointtoanymux-gainmemorylocation. This
counteralsoallowsscanningtostartatanylocationinthemux-gainmemory.

TheSCANCLKsignalisgeneratedfromthesample-intervalcounter. Thissignalpulsesonceat
thebeginningofeachNDconversion. TheSCANCLKsignalissuppliedattheI/0connector.
Duringmultiple-channelscanning,themuxcounterisincrementedrepeatedly,therebysequencing
throughthemux-gainmemoryandautomaticallyselectingnewchannelandgainsettingsduring
dataacquisition. TheMUXCTRCLKsignalisgeneratedfromtheSCANCLKandprovidesthe
pulsesthatincrementthemuxcounter. MUXCTRCLKcanbeidenticaltoSCANCLK,
incrementingthemuxcounteronceaftereveryNDconversion. MUXCTRCLKcanalsobe
generatedbydividingSCANCLKbyCounter1oftheAm9513ACounter/Timer. Thismethod
allowsthemuxcountertobeincrementedonceeveryNNDconversionssuchthatNconversions
canbeperformedonasinglechannelandgainselectionbeforeswitchingtothenextchanneland
gainselection.
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Analog OutputCircuitry
TheNB-MIQ..16Xprovidestwochannelsof12-bitDIAoutput Eachanalogoutputchannel
providesoptionssuchasunipolarorbipolaroutputandinternalorexternalreferencevoltage
selection. Figure3-4showsablockdiagramoftheanalogoutputcircuitry.
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Figure3-4. AnalogOutputCircuitryBlockDiagram

Eachanalogoutputchannelcontainsa12-bitDAC,outputoperationalamplifiers(opamps),
referenceselectionjumpers,andunipolar/bipolaroutputselectionjumpers.

TheDACineachanalogoutputchannelgeneratesacurrentproportionaltotheinputvoltage
reference(Vref)multipliedbythedigitalcodeloadedintotheDAC. EachDACcanbeloadedwith
a12-bitdigitalcodebywritingtoregistersontheNB-MI0-16Xboard. Theoutputopamps
converttheDACcurrentoutputtoavoltageoutputprovidedattheNB-MIQ..16XI/0connector
DACOOUTandDAClOUTpins. TheanalogoutputoftheDACsisupdatedtoreflecttheloaded
12-bitdigitalcodeinanyoffourways-immediatelywhenthe12-bitcodeiswrittentotheDACs,
whenanactivelowpulseoccursontheAm9513AOUT2pin,whenanexternalactivelowpulse
drivestheOUT2signalonthebackconnector,orwhenanactivelowpulseisreceivedfromthe
RTSIbus. TheupdatemethodusedisselectedbytheRTSIWGENandTMRWGENbitsin
CommandRegister1.
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TheDACoutputopampscanbejumperconfiguredtoprovideeitheraunipolarorbipolarvoltage
outputrange. AunipolaroutputhasanoutputvoltagerangeofOto+Vref- 1LSBV. Abipolar
outputprovidesanoutputvoltagerangeof-Vrefto+Vref-1LSBV. Forunipolaroutput,0V
outputcorrespondstoadigitalcodewordof0. Forbipolaroutput, theformofthedigitalcode
inputisjumperselectable. Ifstraightbinaryformisselected,0Voutputcorrespondstoadigital
codewordof2,048. Iftwo'scomplementformisselected,0Voutputcorrespondstoadigital
codewordof0. OneLSBisthevoltageincrementcorrespondingtoanLSBchangeinthedigital
codeword.

Forunipolaroutput,usethefollowingformula:

1LSB= Vref
4,096

Forbipolaroutput,usethefollowingformula:

1LSB= Vref
2,048

ThevoltagereferencesourceforeachDACisjumperselectableandcanbesuppliedeither
externallyattheEXTREFinputorinternally. TheexternalreferencecanbeeitheraDCoranAC
signal. IfanACreferenceisapplied,theanalogoutputchannelactsasasignalattenuator,andthe
ACsignalappearsattheoutputattenuatedbythedigitalcodedividedby4,096forunipolaroutput

BipolaroutputwithanACreferenceprovidesfour-quadrantmultiplication,whichmeansthatthe
signalisinvertedfordigitalcodes-2,048through-1,andnotinvertedfordigitalcodes1through
2,047. Intwo'scomplementmode,adigitalcodewordofOattenuatestheinputsignaltoOV.
Thisattenuationisequivalenttomultiplyingthesignalby(digitalcodeword)I2,048.

Theinternalvoltagereferenceisabufferedversionofthe5VreferencesuppliedbytheADC. This
buffereitherproduces5Vormultipliesitsinputby2togive10V. Usingtheinternalreference
suppliesanoutputvoltagerangeofOto4.9988Vinstepsof1.22mVorOto9.9976Vinstepsof
2.44mVforunipolaroutputandanoutputvoltagerangeof-5V to+4.9976Vinstepsof2.44mV
or-10Vto+9.9951Vinstepsof4.88mVforbipolaroutput.

Digital I/0Circuitry
TheNB-MI0-16XprovideseightdigitalI/0lines. Theselinesaredividedintotwoportsoffour
lineseachandarelocatedatpinsADI0<3..0>andBDI0<3..0>ontheI/0connector. Figure3-5
showsablockdiagramofthedigitalI/0circuitry.
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Figure3-5. DigitalI/0CircuitryBlockDiagram

ThedigitalI/0linesarecontrolledbytheDigitalOutputRegisterandmonitoredbytheDigitalInput
Register. TheDigitalOutputRegisterisan8-bitregisterthatcontainsthedigitaloutputvaluesfor
bothportsAandB.WhenportAisenabled,bits<3..0>intheDigitalOutputRegisteraredriven
ontodigitaloutputlinesADI0<3..0>. WhenportBisenabled,bits<7..4>intheDigitalOutput
RegisteraredrivenontodigitaloutputlinesBDI0<3..0>.

ReadingtheDigitalInputRegisterreturnsthestateofthedigitalI/0lines. DigitalI/0lines
ADI0<3..0>areconnectedtobits<3..0>oftheDigitalInputRegister. DigitalI/0lines
BDI0<3..0>areconnectedtobits<7..4>oftheDigitalInputRegister. Whenaportisenabled,
theDigitalInputRegisterservesasaread-backregister,returningthedigitaloutputvalueofthe
port. Whenaportisnotenabled,readingtheDigitalInputRegisterreturnsthestateofthedigital
I/0linesasdrivenbyanexternaldevice.

BoththedigitalinputandoutputregistersareTILcompatible. Thedigitaloutputports,when
enabled,arecapableofsinking24mAofcurrentandsourcing2.6mAofcurrentoneachdigital
I/0line. Whentheportsarenotenabled,thedigitalI/0linesactashigh-impedanceinputs.

TheexternalstrobesignalEXTSTROBE*,showninFigure3-5,isageneral-purposestrobe
signal. WritingtoanaddresslocationontheNB-MI0-16Xboardgeneratesanactivelow90nsec
pulseonthisoutputpin. EXTSTROBE*isnotnecessarilypartofthedigitalI/0circuitrybutis
shownherebecauseitcanbeusedtolatchdigitaloutputfromtheNB-MI0-16Xintoanexternal
device.
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Chapter3 TheoryofOperation

Timing I/0Circuitry
TheNB-MI0-16XusesanAm9513ACounter/Timerfordataacquisitiontimingandforgeneral-
purposetimingJ/0functions. Figure3-6showsablockdiagramofthetimingJ/0circuitry.
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Figure3-6. TimingJ/0CircuitryBlockDiagram

TheAm9513Acontainsfiveindependent16-bitcounter/timers,a4-bitfrequencyoutputchannel,
andfiveinternallygeneratedtimebases. Thefivecounter/timerscanbeprogrammedtooperatein
severaltimingmodes. TheprogrammingandoperationoftheAm9513Aarepresentedindetailin
AppendixC,AMDDataSheet.

TheAm9513Aclockinputisa1MHzclockgeneratedfromtheNuBus10MHzclock. The
Am9513Ausesthisclockinputtogeneratefiveinternaltimebases. Thesetimebasescanbeusedas
clocksbythecounter/timersandbythefrequencyoutputchannel. Thefiveinternaltimebases
normallyusedforNB-MI0-16Xtimingfunctionsare1MHz,100kHz,10kHz,1kHz,and
100Hz.

The16-bitcountersintheAm9513Aarediagrammedas showninFigure3-7.

©NationalInstrumentsCorporation 3-11 NB-MI0-16XUserManual



TheoryofOperation Chapter3
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Figure3-7. CounterBlockDiagram

EachcounterhasaSOURCEinputpin,aGATEinputpin,andanoutputpinlabeledOUT. The
Am9513Acountersarenumbered1through5,andtheirGATE,SOURCE,andOUTpinsare
labeledGATEN,SOURCEN,andOUTN,whereNisthecounternumber.

Forcountingoperations,thecounterscanbeprogrammedtouseanyofthefiveinternaltimebases,
anyofthefiveGATEandfiveSOURCEinputstotheAm9513A,andtheoutputoftheprevious
counter(Counter4usesCounter3output,andsoon). Acountercanbeconfiguredtocounteither
fallingorrisingedgesoftheselectedinput.

ThecounterGATEinputallowscounteroperationtobegated. Onceacounterisconfiguredforan
operationthroughsoftware,asignalattheGATEinputcanbeusedtostartandstopcounter
operation. TherearefivegatingmodessupportedbytheAm9513A: nogating,levelgatingactive
high,levelgatingactivelow,low-to-highedgegating,andhigh-to-lowedgegating. Acountercan
alsobeactivehighlevelgatedbyasignalatGATEN+1andGATEN-1,whereNisthecounter
number.

ThecountergeneratestimingsignalsatitsOUToutputpin. TheOUToutputpincanalsobesetto
ahigh-impedancestateoragroundedoutputstate. Thecountersgeneratetwotypesofoutput
signalsduringcounteroperation: terminalcount(fC)pulseoutput,andTCtoggleoutput A
counterreachesTCwhenitcountsupordownandrollsover. Inmanycounterapplications,the
counterreloadsfromaninternalregisterwhenitreachesTC. InTCpulseoutputmode,the
countergeneratesapulseduringthecyclethatitreachesTCandreloads. InTCtoggleoutput
mode,thecounteroutputchangesstateafteritreachesTCandreloads. Inaddition,thecounters
canbeconfiguredforpositivelogicoutputornegative(inverted)logicoutputforatotaloffour
possibleoutputsignalsgeneratedforonetimingmode.

TheSOURCE,GATE,andOUTpinsforCounters 1,2,and5oftheonboardAm9513Aare
locatedontheNB-MI0-16XI/0connector. ArisingedgesignalontheSTOPTRIGpinoftheI/0
connectorsetstheflip-flopoutputsignalconnectedtotheGATE4inputoftheAm9513Aandcan
beusedasanadditionalgateinput Theflip-flopoutputconnectedtoGATE4isclearedwhenthe
samplecounterreachesTC,whenanoverfloworoverrunoccurs,orwhentheNDClearRegister
iswrittento.

TheAm9513ASOURCESpinisconnectedtotheNB-MI0-16XRTSIswitch,whichmeansthata
signalfromtheRTSItriggerbuscanbeusedasacountingsourcefortheAm9513Acounters.
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TheAm9513AOUT2pincanbeusedinseveraldifferentways. IftheTMRWGENbitissetin
CommandRegister1,anactivelowpulseonOUT2updatestheanalogoutputonthetwoDACs.
OUT2canalsobeusedtotriggerinterruptrequests. Ifthisbitisset,aninterruptoccurswhena
risingedgesignalisdetectedonOUT2. ThisinterruptcanbeusedtoupdatetheDACsorto
interruptonanexternalsignalconnectedtoOUT2throughtheI/0connector.

Counters3and4oftheAm9513Aarededicatedtodataacquisitiontimingandthereforearenot
madeavailableforgeneral-purposetimingapplications. SignalsgeneratedatOUT3andOUT4are
providedtothedataacquisitiontimingcircuitry. GATE3iscontrolledbythedataacquisition
timingcircuitry.

Counter5isusedbythedataacquisitiontimingcircuitryandconcatenatedwithCounter4toform
a32-bitsamplecounterwheneverthe16*/32CNTbitinCommandRegisterI issethigh. The
SCANCLKsignalisconnectedtotheSOURCE3inputoftheAm9513A. OUTIcanbeusedto
dividetheSCANCLKsignalforgeneratingtheMUXCTRCLKsignal(seeDataAcquisition
TimingCircuitryearlierinthischapter).

Counter2issometimesusedbythedataacquisitiontimingcircuitrytoassignatimeintervalto
eachcyclethroughthescansequenceprogrammedinthemux-gainmemory. Thismodeiscalled
intervalchannelscanning. SeeMultiple-Channel(Scanned)DataAcquisitionearlierinthischapter.

TheAm9513A4-bitprogrammablefrequencyoutputchannelisprovidedattheI/0connector
FOUTpin. AnyofthefiveinternaltimebasesandanyofthecounterSOURCEorGATEinputs
canbeselectedasthefrequencyoutputsource. Thefrequencyoutputchanneldividestheselected
sourcebyits4-bitprogrammedvalueandprovidesthedivided-downsignalattheFOUTpin.

RTSIBus InterfaceCircuitry
TheNB-MI0-16XisinterfacedtotheNationalInstrumentRTSIbus. TheRTSIbushasseven
triggerlines,sevenDMArequestlines,andeightinterruptlines. AllNationalInstrumentsNB
SeriesboardswithRTSIbusconnectorscanbewiredtogetherinsidetheMacintoshandshare
thesesignals. AblockdiagramoftheRTSIbusinterfacecircuitryisshowninFigure3-8.
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Figure3-8. RTSIBusInterfaceCircuitryBlockDiagram

Figure3-8showstheDMAdrivercircuitry,theinterruptdrivercircuitry,andtheRTSIswitch.
ThesedriversandtheRTSIswitchrouteNB-MI0-16XsignalstoandfromtheRTSIbus.

ThesevenRTSIDMArequestlinesaredrivenbytheDMAdrivercircuitry. TheDMAdriver
routestheNB-MI0-16XDMArequestsignalontotheDMArequestlineselectedbythebits
DMAA<2..0>. DMAA<2..0>arecontrolledbyanNB-MI0-16Xregister.

TheeightRTSIinterruptlinesaredrivenbytheinterruptdrivercircuitry. Theinterruptdriver
routestheNB-MI0-16XinterruptsignalontotheinterruptlineselectedbythebitsID*<2..0>.
ID*<2..0>areprovidedattheNuBusconnectorandareuniquetoeachNuBusslot; thereforethe
RTSIinterruptlineselectedisdeterminedbytheslotcontainingtheNB-MI0-16Xboard.

TheRTSIswitchisaNationalInstrumentscustomintegratedcircuitthatactsasasevenbyseven
crossbarswitch. PinsB<6..0>areconnectedtothesevenRTSIbustriggerlines. PinsA<6..0>
areconnectedtosevensignalsontheboard. TheRTSIswitchcandriveanyofthesignalsatpins
A<6..0>ontoanyoneormoreofthesevenRTSIbustriggerlinesandcandriveanyoftheseven
triggerlinesignalsontoanyoneormoreofthepinsA<6..0>. Thiscapabilityprovidesa
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completelyflexiblesignalinterconnectionschemeforanyNBSeriesboardsharingtheRTSIbus.
TheRTSIswitchisprogrammedviaitsselectanddatainputs.

OntheNB-MI0-16Xboard,ninesignalsareconnectedtopinsA<6..0>oftheRTSIswitchwith
theaidofadditionaldrivers. ThesignalsGATEl,OUTl,OUT2,OUTS,andSTOPTRIGare
sharedwiththeNB-MI0-16XI/0connectorandAm9S13ACounter/fimer. TheSOURCES
signalisconnectedtotheAm9Sl3ASOURCESpin. TheEXTCONV*andSTARTTRIG*signals
aresharedwiththeI/0connectorandthedataacquisitiontimingcircuitry. TheRTSIWGsignalis
connectedtotheDIAcircuitrytopermituseoftimingsignalsfromtheRTSIforwaveform
generation. TheseonboardinterconnectionsallowNB-MI0-16Xgeneral-purposeanddata
acquisitiontimingtobecontrolledovertheRTSIbusaswellasexternallyandallowthe
NB-MI0-16XandtheI/0connectortoprovidetimingsignalstootherNBSeriesboardsconnected
totheRTSIbus.
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Chapter 4
Programming

ThischapterdescribesindetailtheaddressandfunctionofeachoftheNB-MI0-16Xregisters.
ThischapteralsoincludesimportantinfonnationaboutprogrammingtheNB-MI0-16X.

Register Access
TheMacintoshusesmemorymappingtoaccessboardsinthesystem. Thefollowingsections
discusshowtoaccessthevariousregistersontheNB-MI0-16X.

Slot Address Space

EachslotintheMacintoshisallocatedablockofMacintoshmemoryaddressesknownastheslot
addressspace. AllI/0boardspluggedintoMacintoshNuBusslotsarethereforememorymapped.
WhenanI/0boardispluggedintoagivenslot,theboard'sregisterscanbeaccessedwithinthat
slotaddressspace. Theblockofmemoryaddressesallocatedtoeachslotdependsontheslot
numberandwhethertheMacintoshmemocymanagerisin24-bitor32-bitaddressingmode.
ConsultyourMacintoshmanualtodetenninetheslotnumbersusedinyourcomputer. Table4-1
showstheslotaddressspaceforeachslot,bothfor24-bitmodeandfor32-bitmode.
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Table4-1. MacintoshSlotAddresses

Slot Number Starting Address (Hex) Ending Address (Hex)

24-BitMode

9 0090 0000 009F FFFF
A OOAO 0000 OOAF FFFF
B OOBO 0000 OOBF FFFF
C ooco 0000 OOCF FFFF
D OODO 0000 OODF FFFF
E OOEO 0000 OOEF FFFF

32-BitMode

0 FOOO 0000 POFF FFFF
1 FlOO 0000 FlFF FFFF
2 F200 0000 F2FF FFFF
3 F300 0000 F3FF FFFF
4 F400 0000 F4FF FFFF
5 F500 0000 F5FF FFFF
6 F600 0000 F6FF FFFF
7 F700 0000 F7FF FFFF
8 F800 0000 F8FF FFFF
9 F900 0000 F9FF FFFF
A FAOO 0000 FAFF FFFF
B FBOO 0000 FBFF FFFF
C FCOO 0000 FCFF FFFF
D FDOO 0000 FDFF FFFF
E FEOO 0000 FEFF FFFF

Register Map

TheregistermapfortheNB-MI0-16XisshowninTable4-2. Thistableliststheregistername,
theregisteraddressoffsetfromtheslotstartingaddress,thetypeoftheregister(readonly,write
only,orreadandwrite),andthesizeoftheregisterinbits.

EachregisteraddressinTable4-2istheoffsetaddressfromtheslotstartingaddress. Tocalculate
theabsoluteaddressoftheregister,addtheregisteroffsetgiveninTable4-2totheslotstarting
addressgiveninTable4-1. Forexample,iftheNB-MI0-16XispluggedintoslotBandthe
memorymanagerisin24-bitmode,theAIDClearRegisterisataddress000018+BO0000,that
is,addressBO0018(hex). IftheNB-MI0-16XispluggedintoslotBandthememorymanageris
in32-bitmode,theRTSISwitchStrobeRegisterisataddressC0004+FBOO0000,thatis,
addressFBOC0004.

TheaddressdecodingcircuitryontheNB-MI0-16Xissuchthatusingaslotstartingaddressof
FssO0000(wherethesisreplacedbytheslotnumber)properlyaccessesallregistersinboth
memorymodes.
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Table4-2. NB-MI0-16XRegisterMap

Register Name Address (Hex) Type Size

ConfigurationandStatusRegisterGroup:
StatusRegister Baseaddress+0 Read-only 16-bit
CommandRegister1 Baseaddress+0 Write-only 16-bit
CommandRegister2 Baseaddress+4 Write-only 16-bit

EventStrobeRegisterGroup:
StartConvertRegister Baseaddress+10 Write-only 16-bit
StartDAQRegister Baseaddress+14 Write-only 16-bit
NDClearRegister Baseaddress+18 Write-only 16-bit
ExternalMultiplexerStrobeRegister Baseaddress+1C Write-only 16-bit
InternalCalibrationRegister Baseaddress+20000 Write-only 16-bit

AnalogOutputRegisterGroup:
DACORegister Baseaddress+20 Write-only 16-bit
DAClRegister Baseaddress+24 Write-only 16-bit

TMRINTCLRegister Baseaddress+40000 Write-only 16-bit

AnalogInputRegisterGroup:
Mux-CounterRegister Baseaddress+8 Write-only 16-bit
Mux-GainRegister Baseaddress+C Write-only 16-bit
NDFIFORegister Baseaddress+2C Read-only 16-bit

Am9513ACounter/TimerRegisterGroup:
Am9513ADataRegister Baseaddress+30 Read-and-write 16-bit
Am9513ACommandRegister Baseaddress+34 Write-only 16-bit
Am9513AStatusRegister Baseaddress+34 Read-only 16-bit

DigitalI/0RegisterGroup:
DigitalInputRegister Baseaddress+38 Read-only 16-bit
DigitalOutputRegister Baseaddress+38 Write-only 16-bit

RTSISwitchRegisterGroup:
RTSISwitchShiftRegister Baseaddress+C0000 Write-only 8-bit
RTSISwitchStrobeRegister Baseaddress+C0004 Write-only 8-bit

Register Sizes

TheMacintoshsupportsthreedifferentmemorywordsizesformemoryreadandwriteoperations:
byte(8-bit),half-word(16-bit),andword(32-bit). Table4-2showsthewordsizesofthe
NB-MI0-16Xregisters. Forexample,readingtheNDFIFOMemoryRegisterrequiresa
16-bit(half-word)readoperationatthespecifiedaddress,whereaswritingtotheRTSISwitch
StrobeRegisterrequiresan8-bit(byte)writeoperationatthespecifiedaddress.

Register Description

Table4-2dividestheNB-MI0-16Xregistersintosevendifferentregistergroups.Abitdescription
ofeachoftheregistersmakingupthesegroupsisincludedlaterinthischapter.
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TheConfigurationandStatusRegisterGroupcontrolstheoveralloperationoftheNB-MI0-16X
hardware. TheEventStrobeGroupisagroupofregistersthat,whenwrittento,generatesome
eventsontheNB-MI0-16Xboard. TheregistersintheAnalogOutputGroupaccessthe
NB-MI0-16XDACs. TheAnalogInputGroupallowstheADCoutputtoberead. The
Counter/fimerGroupconsistsofthethreeregistersoftheonboardAm9513ACounter/fimerchip.
TheregistersintheDigitalJ/0Groupaccesstheonboarddigitalinputandoutputlines. The
registersintheRTSISwitchGroupcontroltheonboardRTSIswitch. Finally,theconfiguration
EPROMisnotasetofregistersbutratheronboardread-onlymemorythatcontainsinformation
requiredbytheMacintoshoperatingsystem.

Register Description Format

TheremainderofthisregisterdescriptionsectiondiscusseseachoftheNB-MI0-16Xregistersin
theordershowninTable4-2. Eachregistergroupisintroduced,followedbyadetailedbit
descriptionofeachregister. Theindividualregisterdescriptiongivestheaddress,type,wordsize,
andbitmapoftheregister,followedbyadescriptionofeachbit.

Theregisterbitmapshowsadiagramoftheregisterwiththemostsignificantbit(bit15fora
16-bitregister,bit7foran8-bitregister)shownontheleft,andtheleastsignificantbit(bit0)
shownontheright Arectangleisusedtorepresenteachbit. Eachbitislabeledwithaname
insideitsrectangle. Anasterisk(*)afterthebitnameindicatesthatthebitisinverted(negative
logic).

Inmanyoftheregisters,severalbitsarelabeledwithanX,indicatingthatthesebitsaredon'tcare
bits. Whenaregisterisread,thesebitsmayappearsetorclearedbutshouldbeignoredbecause
theyarenotused. Whenaregisteriswrittento,settingorclearingthesebitlocationshasnoeffect
ontheNB-MI0-16Xhardware.

Thebitmapfieldforsomewrite-onlyregistersmaycontainthemessagenotapplicable,nobits
used. WritingtotheseregistersgeneratesastrobeintheNB-MI0-16X. Thesestrobesareusedto
causesomeonboardeventstooccur. Forexample,theycanbeusedtocleartheanaloginput
circuitryortostartadataacquisitionoperation. Thedataitselfisactuallyignoredwhenwritingto
theseregisters;therefore,anybitpatternwillsuffice.
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Configuration and Status Register Group

ThethreeregistersmakinguptheConfigurationandStatusRegisterGroupallowgeneralcontrol
andmonitoringoftheNB-MI0-16Xhardware. CommandRegisters1and2containbitsthat
controloperationofseveraldifferentpiecesoftheNB-MI0-16Xhardware. TheStatusRegister
canbeusedtoreadthestateofdifferentpartsoftheNB-MI0-16Xhardware.

BitdescriptionsofthethreeregistersmakinguptheConfigurationandStatusGrouparegivenon
thefollowingpages.
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Status Register

TheStatusRegistercontains14bitsofNB-MI0-16Xhardwarestatusinformation,including
interruptandanaloginputstatus.

Address: Baseaddress+0(hex)

Type: Read-only

WordSize: 16-bit

BitMap:

15 14 13 12 11 10 9 8
INT* CMPLINT ICONVAVAIL! X IDAQPROG! X IOVERFLOW!OVERRUN
7 6 5 4 3 2 1 0

GAIN"l GAINO ITIMERUP IMUXlEN IMUXOEN I MA2 MAl MAO

Bit Name Description

15 INT* Thisbitreflectstheoverallstateofinterruptsgeneratedbythe
NB-MI0-16Xboard. IfINT*iscleared,theNB-MI0-16Xis
assertinganinterruptrequestthathasnotyetbeenserviced. IfINT*
isset,nointerruptispending. Thisbitisnormallyset.

14 CMPLINT ThisbitreflectsthestatusoftheCMPLINTinterrupt IfCMPLINT
isset,thecurrentinterruptisduetothecompletionofadata
acquisitionoperation. CMPLINTisclearedbywritingtotheND
ClearRegister. CMPLINTinterruptsareenabledbythe
CMPLINTENbitinCommandRegister1.

13 CONVAVAIL ThisbitreflectsthestateoftheNDFIFO. IfCONVAVAILisset,
oneormoreNDconversionresultsareavailabletobereadfromthe
NDFIFO. Ifconversioninterruptsareenabled(CONVINTENset)
andCONVAVAILisset,thecurrentinterruptindicatesthatND
conversiondataisavailableintheNDFIFO. IfCONVAVAILis
cleared,theNDFIFOisemptyandnoconversioninterruptrequest
hasbeenasserted.

12 X Don'tcarebit.

11 DAQPROG IfDAQPROGisset,adataacquisitionoperationisinprogress. If
DAQPROGiscleared,adataacquisitionoperationisnotin
progress. Thisbitismeaningfulonlyfordataacquisitionoperations
thataretimedinternally. Forinstance,ifEXTCONV*isbeingused
totimedataacquisition,thenDAQPROGdoesnotindicateanything.

10 X Don'tcarebit.
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Bit Name

9 OVERFLOW

8 OVERRUN

7-6 GAIN<l..0>

5 TIMERUP

4 MUXlEN

3 MUXOEN

2-0 MA<2..0>

Progranuning

Description (continued)

ThisbitindicateswhethertheNDFIFOhasoverflowedduringa
samplerun. OVERFLOWisanerrorconditionthatoccursifthe
FIFOfillsupwithNDconversiondataandNDconversions
continue. IfOVERFLOWisset,NDconversiondatahasbeenlost
becauseofFIFOoverflow. IfOVERFLOWiscleared,nooverflow
hasoccurred. ThisbitcanberesetbywritingtotheNDClear
Register.

ThisbitindicateswhetheranNDconversionwasinitiatedbeforethe
previousNDconversionwascomplete. OVERRUNisanerror
conditionthatmayoccurifthedataacquisitionsampleintervalistoo
small(samplerateistoohigh). IfOVERRUNisset,oneormore
conversionswereskipped. IfOVERRUNiscleared,nooverrun
conditionhasoccurred. ThisbitcanberesetbywritingtotheND
ClearRegister.

Thesetwobitsshowthecurrentgainsettingfortheprogrammable
gainamplifier(seeMux-GainRegister).

ThisbitreflectsthestatusoftheTMRINTinterrupt. Ifitissetand
TMRINTENhasbeenset,thecurrentinterruptisduetoarising
edgeontheOUT2signal. TIMERUPisclearedbywritingtothe
TMRINTCLRegister,orbywritingtoeitherDACOorDACl.
TIMERUPissetwheneverarisingedgeonOUT2isdetected;this
conditiongeneratesaninterruptrequestonlyiftheTMRINTENbit
inCommandRegister1isset Ifthatbitisnotset,TIMERUPstill
indicatesthattherebeenarisingedgeedgeonOUT2,butan
interruptisnotgenerated.

ThisbitindicatesthestateofMultiplexer1,whichselectsanalog
inputchannels8through15. Ifthisbitisset,thenthismultiplexer
isenabled;otherwise,itisdisabled. Insingle-endedmode,thisbit
issetifanyofchannels8through15areselected. InDIFFmode,
thisbitisalwaysset.

ThisbitindicatesthestateofMultiplexer0,whichselectsanalog
inputchannelsOthrough7. Ifthisbitisset,thenthismultiplexeris
enabled;otherwise,itisdisabled. Insingle-endedmode,thisbitis
setifanyofchannelsOthrough7areselected. InDIFFmode,this
bitisalwaysset.

Thesethreebitsgivethelow-orderthreebitsoftheanaloginput
channeladdress. MAstandsformultiplexeraddress. Thesethree
bits,inconjunctionwiththeMUXlENandMUXOENbits,indicate
whichanaloginputchanneliscurrentlyselected. Insingle-ended
mode,theanaloginputchannelselectedisdeterminedbythevalue
ofMA<2..0>ifMUXOENisset,andbythevalueofMA<2..0>
pluseightifMUXlENisset. InDIFFmode,twoanaloginput
channelsareselectedsimultaneously. Thetwochannelsare
MA<2..0>andMA<2..0>pluseight.
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Command Register 1

CommandRegister1contains16bitsthatcontrolNB-MI0-16Xinterrupts,DMA,andsome
analoginputandoutputmodes.

Address: Baseaddress+0(hex)

Type: Write-only

WordSize: 16-bit

BitMap:

15 14 13 12 11 10 9 8
!RTSIWGEN !TMRWGEN!TMRINTEN! SCN2 BP*/UP CLK2 CLKl CLKO

7 6 5 4 3 2 1 0
!CMPLINTEN!CONVINTENIDMAEN DAQEN ISCANEN SCANDIV!16*/32CNT!2SCADC*

Bit Name

15 RTSIWGEN

14 TMRWGEN

13 TMRINTEN

12 SCN2

11 BP*/UP

NB-MI0-16XUserManual

Description

Thisbitenablesordisablescontrolofoutputwaveformgeneration
(usingtheDACs)bysignalsontheRTSIbus.

Thisbitenablesordisablescontrolofoutputwaveformgeneration
bytheOUT2signalfromtheAm9513A.

ThisbitenablesordisablesthegeneratingofinterruptsbyCounter2
ontheAm9513A. Ifenabled,aninterruptisgeneratedontherising
edgeofOUT2. Thisbitcanbeusedinconjunctionwith
TMRWGENsothataninterruptserviceroutineupdatestheDACs
automaticallyoritmaybeusedbyitself. Interruptsgeneratedfrom
OUT2areclearedbytheTMRINTCLregister,tobediscussedlater.

Thisbitselectsthedataacquisitionscanningmodeusedwhen
scanningmultipleAIDchannels. IfSCN2iscleared,continuous
channelscanningisused. Inthismode,scansequencesarerepeated
withnodelaysbetweencycles. IfSCN2isset,intervalchannel
scanningisused. Inthismode,scansequencesoccurduringa
programmedtimeinterval,calledascaninter-val. Onecycleofthe
scansequenceoccursduringeachscaninterval.

Thisbitsets,inpart,theinputrangeoftheADC.Ifthisbitisset,
theAIDissetinunipolarmode(0to10VorOto5V). Ifitis
cleared,theAIDissetinbipolarmode(-10to+10Vor-5to+5V).
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Bit Name

10-8 CLK<2..0>

7 CMPLINTEN

6 CONVINTEN

5 OMA.EN

4 DAQEN

3 SCANEN

2 SCANDIV

Programming

Description (continued)

ThesethreebitsselecttheinternalclockratefortheADC.
CLK<2..0>shouldbesettoOO1fortheNB-MI0-16X-42and
010fortheNB-MI0-16X-18. Settingthemto0.0.0generatesa
slowinternalclockrate,whichproducesunreliableconversions,and
sothiscombinationshouldnotbeused. SettingthemtoO11
resultsinaveryhighinternalclockrate. Thissettingpermitsthe
ADContheNB-MI0-16X-18tosampleasfastasabout10µsec,
butatreducedandunspecifiedaccuracy.

Thisbitenablesordisablesgenerationofaninterruptatthe
completionofadataacquisitionoperation. Adataacquisition
operationisamultipleNDconversionsequencethatistimedand
controlledbytheNB-MI0-16Xonboardcounter/timers. The
onboardsamplecountergeneratesthisinterruptwhenitcounts
downtoOandtheAIDconversionscansequenceiscomplete. If
externalconversiontimingisused,thisinterruptdoesnotoccur. If
thisbitisset,aninterruptisgeneratedwheneveradataacquisition
operationcompletes. Ifthisbitiscleared,nointerruptisgenerated.
NoticethattheCMPLINTinterruptisassertedwhenthelast
conversionofadataacquisitionoperationisstarted,notwhenthe
lastconversionisfinished.

Thisbitenablesanddisablesthegenerationofaninterruptwhen
AIDconversionresultsareavailable. IfCONVINIBNisset,an
interruptisgeneratedwheneveranAIDconversionisavailabletobe
readfromtheAIDFIFO. IfCONVINTENiscleared,nointerruptis
generated.

ThisbitenablesanddisablesthegenerationofDMArequests. If
DMAENisset,aDMArequestisgeneratedwheneveranAID
conversionresultisavailabletobereadfromtheNDFIFO. If
DMAENiscleared,noDMArequestisgenerated.

Thisbitenablesanddisablesadataacquisitionoperationthatis
controlledbytheonboardsample-intervalandsamplecounters. If
DAQENisset,asoftwareorstarttriggerstartsthecounters
(assumingthatthecountersareprogrammedandenabled),thereby
startingadataacquisitionoperation. IfDAQENiscleared,software
andstarttriggersareignored.

Thisbitenablesanddisablesmultiple-channelscanningduringdata
acquisition. IfSCANENisset,alternateanaloginputchannelsare
sampledduringdataacquisitionundercontrolofthemux-gain
memory. IfSCANENiscleared,asingleanaloginputchannelis
sampledduringtheentiredataacquisitionoperation.

Thisbitenablesanddisablesdivisionofthemux-counterclock
duringdataacquisition. Themux-counterclockcontrolssequencing
ofthemux-gainmemory. IfSCANDIVisset,themux-counter
clockiscontrolledbyCounter1oftheAm9513ACounter/fimer. If
SCANDIViscleared,themux-counterclockgeneratesonepulseper
conversion.
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Bit Name

1 16*/32CNT

0 2SCADC*

NB-MI0-16XUserManual

Chapter4

Description (continued)

ThisbitselectsthecountresolutionforthenumberofAID
conversionstobeperformedinadataacquisitionoperation. If
16*/32CNTiscleared,a16-bitcountmodeisselectedandCounter
4oftheAm9513ACounterffimercontrolsconversioncounting. If
16*/32CNTisset,a32-bitcountmodeisselectedandCounter4is
concatenatedwithCounter5tocontrolconversioncounting.
A16-bitcountmodecanbeusedifthenumberofAIDsample
conversionstobeperformedislessthanorequalto65,536.
A32-bitcountmodeshouldbeusedifthenumberofAIDsample
conversionstobeperformedisgreaterthanorequalto65,536.

Thisbitselectsthebinaryformatforthe16-bitdatawordreadfrom
theAIDFIFO. If2SCADC*isset,astraightbinaryformatisused
andthedatareadfromtheAIDFIFOrangesfromOto+65,535
decimal(0toFFFFhex). Thismodeisusefulifaunipolarinput
rangeisused. If2SCADC*iscleared,a16-bittwo'scomplement
modeisusedandthedatareadfromtheADCrangesfrom-32,768
to+32,767decimal(8000to7FFFhex). Thismodeisusefulifa
bipolarinputrangeisused.
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Command Register 2

CommandRegister2contains10bitsthatcontrolNB-MI0-16Xdigitaloutputdriversandscan
modesusedbythedataacquisitioncircuitry.

Address: Baseaddress+4(hex)

Type: Write-only

WordSiz.e: 16-bit

BitMap:

15 14
X X

7 6
INBINIDIS DMAA2

Bit Name

15-10 X

9 DOUTBEN

8 DOUTAEN

7 NBINTDIS

6-4 DMAA<2..0>

13 12 11 10 9 8
X X X X IDOUfBENIDOlITAEN I
5 4 3 2 1 0

DMMl DMMO A4RCV A4DRV A2RCV A2DRV

Description

Don'tcarebits.

Thisbitenablesanddisablesdrivingofthe4-bitdigitaloutputPort
BbytheDigitalOutputRegister. IfDOUTBENisset,theDigital
OutputRegisterdrivesthedigitallines. IfDOUTBENiscleared,
theDigitalOutputRegisterdriversaresettoahigh-impedancestate,
therebyallowinganexternaldevicetodrivethedigitallines.

Thisbitenablesanddisablesdrivingofthe4-bitdigitaloutputPort
AbytheDigitalOutputRegister. IfDOUTAENisset,theDigital
OutputRegisterdrivesthedigitallines. IfDOUTAENiscleared,
theDigitalOutputRegisterdriversaresettoahigh-impedancestate,
therebyallowinganexternaldevicetodrivethedigitallines.

ThisbitdisablesorenablesdrivingoftheNuBusNMRinterrupt
linebytheNB-MI0-16Xinterruptline. Ifthisbitiscleared,the
NuBusNMRlineisdrivenbytheNB-MI0-16Xinterruptline. If
thisbitisset,nointerruptsareeverassertedontotheNuBusbythe
NB-MI0-16X.

Note:Thisbitisnormallycleared,whichmeansthatinterruptsare
normallygatedontotheNuBus.

ThesethreebitsspecifywhichRTSIbusDMAchannelistobe
used,andspecifytheRTSIDMArequestlineforroutingDMA
requests. Forexample,toselectDMAchannel2,setbits6through
4toO10(binary),respectively. DMArequestsgeneratedbythe
NB-MI0-16XarethengatedontoDMArequestline2oftheRTSI
bus. DMAoperationisenabledbysettingtheDMAENbitin
CommandRegister1.
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Bit Name

3 A4RCV

2 A4DRV

1 A2RCV

0 A2DRV

NB-MI0-16XUserManual

Chapter4

Description (continued)

ThisbitcontrolsadriverthatallowstheSTOPTRIGsignaltobe
drivenfrompinA4oftheRTSIswitch. Thisbitallowsasignalto
bereceivedfromoneoftheRTSIbustriggerlinesanddrivenonto
theSTOPTRIGline. IfA4RCVisset,pinA4oftheRTSIswitch
drivestheSTOPTRIGsignal. IfA4RCViscleared,theSTOPTRIG
signalisnotdrivenbytheRTSIswitch.

ThisbitcontrolsadriverthatallowstheOUTSsignaltodrivepin
A4oftheRTSIswitch. ThisdriverallowstheOUTSsignaltobe
drivenontooneoftheRTSIbustriggerlines. IfA4DRVisset,pin
A4oftheRTSIswitchisdrivenbyOUTS. IfA4DRViscleared,
thepinA4isnotdriven.

ThisbitcontrolsadriverthatallowstheGATElsignaltobedriven
frompinA2oftheRTSIswitch. Thisdriverallowsasignaltobe
receivedfromoneoftheRTSIbustriggerlinesanddrivenontothe
GATElline. IfA2RCVisset,pinA2oftheRTSIswitchdrivesthe
GATElsignal. IfA2RCViscleared,theGATElsignalisnot
drivenbytheRTSIswitch.

ThisbitcontrolsadriverthatallowstheOUT2signaltodrivepin
A2oftheRTSIswitch. ThisdriverallowstheOUT2signaltobe
drivenontooneoftheRTSIbustriggerlines. IfA2DRVisset,pin
A2oftheRTSIswitchisdrivenbyOUT2. IfA2DRViscleared,
pinA2isnotdriven.
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The Event Strobe Register Group

TheEventStrobeRegisterGroupconsistsoffiveregistersthat,whenwrittento,causecertain
eventstooccurontheNB-MI0-16Xboard,suchasclearingflagsandstartingAIDconversions.
TheyaretheStartConvert,StartDAQ,AIDClear,InternalCalibration,andExternalMultiplexer
StrobeRegisters.

Descriptionsofthetheseregistersaregivenonthefollowingpages.
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Start Convert Register

WritingtotheStartConvertRegisterlocationinitiatesanNDconversion.

Address: Baseaddress+10(hex)

Type: Write-only

WordSize: 16-bit

BitMap: Notapplicable,nobitsused

Note:NDconversionsareinitiatedinoneoftwoways: whentheStartConvertRegisteris
writtento,orwhenanactivelowsignalisdetectedontheEXTCONV*signal. The
EXTCONV*signalisconnectedtopin40ontheI/0connector,toOUT3ofthe
Am9513A,andtopinAOoftheRTSIbusswitch. IfEXTCONV*isdrivenlowbyany
oneofthesesources,itpreventstheStartConvertRegisterfrominitiatinganND
conversion. IftheStartConvertRegisteristoinitiateNDconversions,theOUT3signal
shouldbeinitializedtoahigh-impedancestate,anysignalconnectedtopin40oftheI/0
connectorshouldbeinahigh-impedanceorhighstate,andtheAOpinoftheRTSIbus
switchshouldbeconfiguredasaninputpin.
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StartDAQ Register

WritingtotheStartDAQRegisterlocationinitiatesamultipleNDconversiondataacquisition
operation.

Note: SeveralotherpiecesofNB-MI0-16Xcircuitrymustbesetupbeforeadataacquisitionrun
canoccur. SeeProgrammingMultipleAIDConversionsonaSingleInputChannellaterin
thischapter.

Address: Baseaddress+14(hex)

Type: Write-only

WordSize: 16-bit

BitMap: Notapplicable,nobitsused

Note:MultipleNDconversiondataacquisitionoperationsareinitiatedinoneoftwoways: when
theStartDAQRegisteriswrittento,orwhenanactivelowsignalisdetectedonthe
STARTTRIG*signal. TheSTARTTRIG*signalisconnectedtopin38ontheI/0
connectorandtopinA6oftheRTSIbusswitch. IfSTARTTRIG*isdrivenlowbyeither
ofthesesources,itpreventstheStartDAQRegisterfrominitiatingamultipleND
conversiondataacquisitionoperation. IftheStartDAQRegisteristoinitiatemultipleND
conversions,anysignalconnectedtopin38oftheI/0connectorshouldbeinahigh-
impedanceorhighstateandtheA6pinoftheRTSIbusswitchshouldbeconfiguredasan
inputpin.
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AID Clear Register

WritingtotheAIDClearRegisterlocationclearsthedataacquisitioncircuitry. Thefollowing
specificeventsoccur:

• Anydataacquisitionoperationinprogressiscanceled.

• TheAIDFIFOisemptied.

• Theoverrunflagiscleared.

• Theoverflowflagiscleared.

• AnypendingCONVinterruptiscleared.

• AnypendingCMPLinterruptiscleared.

• AnypendingDMArequestiscleared.

Address: Baseaddress+18(hex)

Type: Write-only

WordSize: 16-bit

BitMap: Notapplicable,nobitsused
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External Multiplexer Strobe Register

WritingtotheExternalMultiplexerStrobeRegisterlocationgeneratesanactivelow,approximately
100nsecstrobepulseattheEXTSTROBE*outputattheJ/0connector. Thispulsemaybeuseful
forseveralapplications,includinggeneratingexternalgeneral-purposetriggersandlatchingdata
intoexternaldevices(fromthedigitaloutputport,forexample).

Address: Baseaddress+lC(hex)

Type: Write-only

WordSize: 16-bit

BitMap: Notapplicable,nobitsused
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Internal Calibration Register

WritingtotheInternalCalibrationRegisterlocationinitiatesacalibrationsequenceintheADCon
theNB-MI0-16X. Calibrationisnecessaryfortheboardtooperatewithinspecificationbecause
theADCmustmanipulatesomeinternalbit-weightstoachievehighlinearity. BeforetheInternal
CalibrationRegisteriswrittento,theCLK<2..0>bitsshouldbesettoOO1. Afterwardstheymay
besetasdesired,preferablyasindicatedintheirdescription(underCommandRegister1).

Address: Baseaddress+20000(hex)

Type: Write-only

WordSize: 16-bit

BitMap: Notapplicable,nobitsused
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Analog Output Register Group

TwoofthethreeregistersmakinguptheAnalogOutputRegisterGrouploadthetwoanalogoutput
channels. DACOcontrolsanalogoutputChannel0. DAClcontrolsanalogoutputChannel1.
TheseDACsarewrittentoindividually,andtheanalogoutputcanbeupdatedimmediatelyoreach
timeanactivelowpulseisdetectedontheOUT2bitoftheAm9513ACounter/fimer. Theupdate
methodisselectedwiththeTMRWGENandRTSIWGENbitsinCommandRegister1.

ThethirdregisterintheAnalogOutputRegisterGroupistheTMRINTCLRegister. The
NB-MI0-16XcanbeprogrammedtointerruptwhenitdetectsarisingedgesignalontheOUT2
pinoftheAm9513ACounter/fimer. ThisinterruptcanbeclearedbywritingtoDACO,DACl,or
theTMRINTCLRegister.

ThefollowingpagescontaindescriptionsoftheregistersmakinguptheAnalogOutputRegister
Group.
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DACO, DACl Registers

WritingtoDACOorDAClloadsthecorrespondinganalogoutputchannelDAC. Thevoltages
generatedbytheanalogoutputchannelsareupdatedeitherimmediatelyorwhenanactivelow
pulseoccursonOUT2oronpinAloftheRTSIswitch.Theupdatemethodisselectedbythe
TMRWGENandRTSIWGENbitsinCommandRegister1. WritingtoDACOorDAClalso
clearsinterruptsenabledbyTMRINTEN.

Address: Baseaddress+20(hex)loadsDACO
Baseaddress+24(hex)loadsDACl

Type: Write-only

WordSize: 16-bit

BitMap:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
X X IX X !Dll !D10 !D9 ! D8 D7 D6 D5 D4 !D3 !D2 !Dl !DO l

MSB

Bit Name

15-12 X

11-0 D<l1..0>

NB-MI0-16XUserManual

LSB

Description

Don'tcarebits.

ThesetwelvebitsareloadedintotheDACandupdatethevoltage
generatedbytheanalogoutputchannelinoneoftwoways-
immediately,oruponanOUT2pulse. SeeProgrammi.ngthe
AnalogOutputCircuitrylaterinthischapterforatablemapping
digitalvaluestooutputvoltage.
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TMRINTCL Register

WritingtoTMRINTCLclearstheinterruptrequestassertedwhenanOUT2pulseisdetected.

Address: Baseaddress+40000(hex)

Type: Write-only

WordSize: 16-bit

BitMap: Notapplicable,nobitsused
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Analog Input Register Group

ThethreeregistersmakinguptheAnalogInputRegisterGroupcontroltheanaloginputcircuitry
andallowtheAIDFIFOtobereadfrom. TheMux-CounterRegistergeneratesaddressesforthe
mux-gainmemory. TheMux-GainRegistercontrolsthecurrentmultiplexerandgainsettingsand
allowsthemux-gainmemorytobewrittento. ReadingtheAIDFIFORegisterreturnsstoredAID
conversionresults.

ThefollowingpagescontainbitdescriptionsfortheregistersmakinguptheAnalogInputRegister
Group.
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Mux-Counter Register

TheMux-CounterRegisterloadsthecounterthatsequencesthroughthemux-gainmemory.

Address: Baseaddress+8(hex)

Type: Write-only

WordSize: 16-bit

BitMap:

15 14 13
X X X

7 6 5
X X X

Bit Name

15-4 X

3-0 MC<3..0>

12 11 10 9 8
X X X X X

4 3 2 1 0
X MC3 MC2 MCl MCO

Description

Don'tcarebits.

Thesefourbitsareloadedintothemuxcounterbywritingtothe
Mux-CounterRegister. Themuxcountergeneratesaddressesfor
themux-gainmemory;therefore,writingtotheMux-Counter
Registerallowsaspecificlocationinthemux-gainmemorytobe
addressed. Themux-gainmemorycontainsasequenceof
multiplexeraddressesandgainsettings. Forexample,writing
0.0.0.4hextotheMux-CounterRegisterloadsthemuxcounter
withthevalue4,andthusaddressesmux-gainmemorylocation4.
Theanalogcircuitryisthencontrolledbythemultiplexeraddress
andgainsettingsinmux-gainmemorylocation4(seetheMux-Gain
Registerdescriptionlaterinthischapter).
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Mux-Gain Register

TheMux-GainRegistercontrolsthemultiplexerandgainsettings,and,whenusedinconjunction
withtheMux-CounterRegister,allowsascansequencetoloadintothemux-gainmemory.

Address: Baseaddress+C(hex)

Type: Write-only

WordSize: 16-bit

BitMap:

15
X

7
GAIN!

Bit

15-8

7-6

5

4

14
X

6
GAINO

Name

X

GAIN<l..0>

X

LASTONE

NB-MI0-16XUserManual

13
X

5
X

12 11 10 9 8
X X X X X

4 3 2 1 0
!LASTONEI MA3 MA2 MAI MAO

Description

Don'tcarebits.

This2-bitfieldcontrolsthegainsettingoftheinputinstrumentation
amplifier. Theactualamplifiergainsdependonthetypeof
NB-MI0-16Xboard. Thefollowinggainscanbeselectedonthe
NB-MI0-16XHboard:

GAIN<l..0> Actual Gain

00 1
01 2
10 4
11 8

ThefollowinggainscanbeselectedontheNB-MI0-16XLboard:

GAIN<l..0> Actual Gain

00 1
01 10
10 100
11 500

Don'tcarebit.

Thisbitshouldbeleftclearnormallyandsetonlyinthelastentryof
thescansequenceloadedintothemux-gainmemory. Settingthisbit
tellstheNB-MI0-16Xthatthisentryisthelastinthesequence.
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Bit Name

3-0 MA<3..0>

Progranuning

Description {continued)

This4-bitfieldcontrolsthemultiplexeraddresssettingoftheinput
multiplexers,therebyallowingtheanaloginputchanneltobe
selected. Insingle-endedmode(NRSEorRSE),onlyoneanalog
inputchannelisselected. InDIFFmode,twoanaloginputchannels
areselected. Theanaloginputchannelselectedforeithermodeis
shownhere:

MA<3..0> Selected Analog Input Channels

Single 0 Ended DIFF
(+) (-)

0000 0 0&8
0001 1 1&9
0010 2 2&10
0011 3 3&11
0100 4 4&12
0101 5 5&13
0110 6 6&14
0111 7 7&15
1000 8 0&8
1001 9 1&9
1010 10 2&10
1011 11 3&11
1100 12 4&12
1101 13 5&13
1110 14 6&14
1111 15 7&15

WritingtotheMux.-GainRegisterupdatesthecurrentanaloginputchannelselectionandthecurrent
gainsetting. Themux-gainmemoryisalsoloadedbywritingtotheMux-GainRegister. Themux.
counteriswrittentoinordertoaddressaspecificlocationinthemux-gainmemory. Any
subsequentvaluewrittento theMux-GainRegisteristhenstoredinthatmemorylocationaswell
asappliedtotheanaloginputmultiplexerandgaincircuitry.
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AID FIFO Register

ReadingtheNDFIFORegisterreturnstheoldestNDconversionvaluestoredintheNDFIFO.
WhenevertheNDFIFOisread,thevaluereadisremovedfromtheNDFIFO,therebyleaving
spaceforanotherNDconversionvaluetobestored. ValuesarestoredintotheNDFIFObythe
ADCwheneveranNDconversioniscomplete.

TheNDFIFOisemptiedwhenallvaluesitcontainsareread. TheStatusRegistershouldberead
beforetheNDFIFORegisterisread. IftheNDFIFOcontainsoneormoreNDconversion
values,theCONVAVAILbitissetintheStatusRegisterandtheNDFIFORegistercanbereadto
retrieveavalue. IftheCONVAVAILbitiscleared,theNDFIFOisempty,inwhichcasereading
theAIDFIFORegisterreturnsmeaninglessinformation.

ThevaluesreturnedbyreadingtheNDFIFORegisterareavailableintwodifferentbinaryformats:
straightbinary,whichgeneratesonlypositivenumbers,ortwo'scomplementbinary,which
generatesbothpositiveandnegativenumbers. Thebinaryformatusedisselectedbythe
2SCADC*bitinCommandRegister1. Thebitpatternreturnedforeitherformatisasfollows.

Address: Baseaddress+2C(hex)

Type: Read-only

WordSize: 16-bit

BitMap: Straightbinarymode

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
!D15 !D14 !D13 !D12 !Dll !DlO !I)<) !D8 !D7 !D6 !DS !D4 !D3 !D2 !Dl !DO !
M~ L~

Bit Name

15-0 0<15..0>

Description

Thesebitsarethestraightbinaryresultofa16-bitNDconversion.
Valuesread,therefore,rangefromOto65,535decimal(0000to
FFFFhex). Straightbinarymodeisusefulforunipolaranaloginput
readingsbecauseallvaluesthatarereadreflectapositivepolarity
inputsignal.

BitMap: Two'scomplementbinarymode

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
!D15* !D14 !D13 !D12 !Dll !DlO !I)<) !D8 !D7 !D6 !DS !D4 ID3 !D2 !Dl !DO !
MSB LSB

Bit Name

15-0 0<15..0>

NB-MI0-16XUserManual

Description

Thesebitsarethetwo'scomplementresultofa16-bitND
conversion. Thedifferencebetweenthisencodingandstraight
binaryisthatbit015isinverted. Valuesread,therefore,rangefrom
-32,768to+32,767decimal(8000to7FFFhex). Two's
complementmodeisusefulforbipolaranaloginputreadings
becausethevaluesreadreflectthepolarityoftheinputsignal.
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Am9513A Counter/Timer Register Group

ThethreeregistersmakinguptheAm9513ACounter/TimerRegisterGroupaccesstheonboard
Am9513ACounter/Timer. TheAm9513Acontrolsonboarddataacquisitiontimingaswellas
general-purposetimingfortheuser.

TheAm9513AregistersdescribedherearetheAm9513ADataRegister,theAm9513ACommand
Register,andtheAm9513AStatusRegister. TheAm9513Acontains18additionalinternal
registers. TheseinternalregistersareaccessedthroughtheAm9513ADataRegister. Adetailed
registerdescriptionofallAm9513AregistersisincludedinAppendixC,AMDDataSheet.

BitdescriptionsfortheAm9513ACounter/TimerRegisterGroupregistersaregiveninthe
followingpages.
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Am9513A Data Register

TheArn9513ADataRegisterallowsanyofthe18internalregistersoftheArn9513Atobewritten
toorreadfrom. TheAm9513ACommandRegistermustbewrittentoinordertoselectthe
registertobeaccessedbytheAm9513ADataRegister. Theinternalregistersaccessedbythe
Am9513ADataRegisterareasfollows:

• CounterModeRegistersforCounters1,2,3,4,and5

• CounterLoadRegistersforCounters1,2,3,4,and5

• CounterHoldRegistersforCounters1,2,3,4,and5

• TheMasterModeRegister

• TheCompareRegistersforCounters1and2

Alltheseregistersare16-bitregisters. Bitdescriptionsforeachoftheseregistersareincludedin
AppendixC,AMDDataSheet.

Address: Baseaddress+30(hex)

Type: Read-or-write

WordSize: 16-bit

BitMap:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
!D15 !D14 lD13 !D12 !Dll !D10 lD9 !D8 lD7 !D6 !D5 !D4 !D3 !D2 !Dl lDO

Bit Name

15-0 D<15..0>
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Description

These16bitsareloadedintotheArn9513AInternalRegister
currentlyselected. SeeAppendixC,AMDDataSheet,forthe
detailedbitdescriptionsofthe18registersaccessedthroughthe
Arn9513ADataRegister.
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Am9513A Command Register

TheAm9513ACommandRegistercontrolstheoveralloperationoftheAm9513ACounter/fimer
andcontrolsselectionoftheinternalregistersaccessedthroughtheAm9513ADataRegister.

Address: Baseaddress+34(hex)

Type: Write-only

WordSize: 16-bit

BitMap:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 I1 1 1 1 1 !C7 !C6 !cs lC4 !C3 !C2 f Cl Ico

Bit Name

15-8

7-0 C<7..0>

Description

ThesebitsmustalwaysbesetwhenwritingtotheAm9513A
CommandRegister.

TheseeightbitsareloadedintotheAm9513ACommandRegister.
SeeAppendixC,AMDDataSheet,forthedetailedbitdescriptionof
theAm9513ACommandRegister.
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Am9513A Status Register

TheAm9513AStatusRegisterprovidesinformationabouttheoutputpinstatusofeachcounterin
theAm9513A

Address: Baseaddress+34(hex)

Type: Read-only

WordSize: 16-bit

BitMap:

15 14
X X

7 6
X X

Bit Name

15-6 X

5-1 OUT<5..1>

0 BYTEPTR

NB-MI0-16XUserManual

13 12 11 10 9 8
X X X X X X

5 4 3 2 1 0
ours 0Uf4 OUT3 OlIT2 OUfl IBYTEPTR I

Description

Don'tcarebits.

Eachofthesefivebitsreturnsthelogicstateoftheassociated
counteroutputpin. Forexample,ifOUT4isset,thentheoutputpin
ofCounter4isatalogichighstate.

ThisbitrepresentsthestateoftheAm9513ABytePointerFlip-Flop.
ThisbithasnosignificanceforNB-MI0-16Xoperationbecausethe
Am9513Ashouldalwaysbeusedin16-bitmodeonthe
NB-MI0-16X.
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Digital I/0 Register Group

ThetworegistersmakinguptheDigitalI/0RegisterGroupmonitorandcontroltheNB-MI0-16X
digitalI/0lines. TheDigitalInputRegisterreturnsthedigitalstateoftheeightdigitalI/0lines. A
patternwrittentotheDigitalOutputRegisterisdrivenontothedigitalI/0lineswhenthedigital
outputdriversareenabled(seethedescriptionforCommandRegister2).

BitdescriptionsfortheregistersmakinguptheDigitalI/0RegisterGrouparegivenonthe
followingpages.
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Digital Input Register

TheDigitalInputRegister,whenread,returnsthelogicstateoftheeightNB-MI0-16XdigitalI/0
lines.

Address: Baseaddress+38(hex)

Type: Read-only

WordSize: 16-bit

BitMap:

15
X

7
BDI3

Bit

15-8

7-4

3-0

14
X

6
BDI2

Name

X

BDI<3..0>

ADI<3..0>

NB-MI0-16XUserManual

13 12 11 10 9 8
X X X X X X

5 4 3 2 1 0
BDI1 BDIO ADI3 ADI2 ADil ADIO

Description

·Don'tcarebits.

Thesefourbitsrepresentthelogicstateofthedigitallines
BDI0<3..0>.

Thesefourbitsrepresentthelogicstateofthedigitallines
ADI0<3..0>.
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Digital Output Register

WritingtotheDigitalOutputRegistercontrolstheeightNB-MI0-16XdigitalI/0lines. TheDigital
OutputRegistercontrolsbothPortsAandB.Wheneitherdigitalportisenabled,thepattern
containedintheDigitalOutputRegisterisdrivenontothelinesofthedigitalport.

Address: Baseaddress+38(hex)

Type: Write-only

WordSize: 16-bit

BitMap:

15
X

7
BD03

Bit

15-8

7-4

3-0

14
X

6
BD02

Name

X

BD0<3..0>

AD0<3..0>

13 12 11 10 9 8
X X X X X X

5 4 3 2 1 0
BD01 BOO) AD03 AD02 ADOl ADOO

Description

Don'tcarebits.

ThesefourbitscontrolthedigitallinesBDI0<3..0>. Thebit
DOUTBENinCommandRegister2mustbesetforBD0<3..0>to
bedrivenontothedigitallinesBDI0<3..0>.

ThesefourbitscontrolthedigitallinesADI0<3..0>. Thebit
DOUTAENinCommandRegister2mustbesetforAD0<3..0>to
bedrivenontothedigitallinesADI0<3..0>.
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The RTSI Switch Register Group

ThetworegistersmakinguptheRTSISwitchRegisterGroupallowtheNB-MI0-16XRTSI
switchtobeprogrammedforroutingofsignalsontheRTSIbustriggerlinestoandfromseveral
NB-MI0-16Xsignallines. TheRTSIswitchisprogrammedbyshiftinga56-bitroutingpattern
intotheRTSIswitchandthenloadingtheinternalRTSISwitchControlRegister. Therouting
patternisshiftedintotheRTSIswitchbywritingonebitatatimetotheRTSISwitchShift
Register. TheRTSISwitchControlRegisteristhenloadedbywritingtotheRTSISwitchStrobe
Register.

BitdescriptionsfortheregistersmakinguptheRTSISwitchRegisterGrouparegivenonthe
followingpages.
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RTSI Switch Shift Register

TheRTSISwitchShiftRegisteriswrittentoinordertoloadtheRTSIswitchinternal56-bit
controlregisterwithroutinginformationforswitchingsignalstoandfromtheRTSIbustrigger
lines. TheRTSISwitchShiftRegisterisa1-bitregisterandmustbewrittento56timestoshift
the56bitsintotheinternalregister.

Address: Baseaddress+C0000(hex)

Type: Write-only

WordSize: 8-bit

BitMap:

Bit

7-1

0

7
X

6
X

Name

X

RSI

5
X

4 3 2 1 0
X X X X RSI

Description

Don'tcarebits.

ThenameofthisbitstandsforRTSIswitchserialinput Thisbitis
theserialinputtotheRTSIswitch. EachtimetheRTSISwitch
ShiftRegisteriswrittento,thevalueofthisbitisshiftedintothe
RTSIswitch. SeeProgrammingtheRTSISwitchlaterinthis
chapterformoreinformation.
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RTSI Switch Strobe Register

TheRTSISwitchStrobeRegisteriswrittentoinordertoloadthecontentsoftheRTSISwitch
ShiftRegisterintotheRTSISwitchControlRegister,therebyupdatingtheRTSIswitchrouting
pattern. TheRTSISwitchStrobeRegisteriswrittentoaftershiftingthe56-bitroutingpatterninto
theRTSISwitchShiftRegister.

Address: Baseaddress+C0004(hex)

Type: Write-only

WordSize: 8-bit

BitMap: Notapplicable,nobitsused
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TheConfigurationEPROM
TheConfigurationEPROMontheNB-MI0-16Xcontainsinformationpertinenttothe
NB-MI0-16XboardandisrequiredbytheMacintosh. TheMacintoshsystemSlotManagerreads
theConfigurationEPROMuponsystemstartup.

TheConfigurationEPROMismappedtoaddressoffsetlocationsF8000throughFFFFC(hex).
TheEPROMis8bits(onebyte)wideand8kilobytesinlength. EachbyteoftheEPROMis
mappedtoeveryfourthaddresslocationontheNB-MI0-16Xboard-thefirstbyteisreadfromslot
address+F8000; thesecondbyteisreadfromslotaddress+F8004; thethirdbyteisreadfrom
slotaddress+F8008,andsoon.
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Programming Considerations
ThissectioncontainsprogramminginstructionsforoperatingthecircuitryontheNB-MI0-16X
board ProgrammingtheNB-MI0-16Xinvolveswritingtoandreadingfromthevariousregisters
ontheboard Theprogramminginstructionsarelanguage-independent;thatis,theyinstructyouto
writeavaluetoagivenregister,tosetorclearabitinagivenregister,ortodetectwhetheragiven
bitissetorclearedwithoutpresentingtheactualcode.

Register Programming Considerations

Severalwrite-onlyregistersontheNB-MI0-16Xcontainbitsthatcontrolindependentpiecesofthe
onboardcircuitry. Intheinstructionsforsettingorclearingbits,specificregisterbitsshouldbeset
orclearedwithoutchangingthecurrentstateoftheremainingbitsintheregister. However,
writingtotheseregistersaffectsallregisterbitssimultaneously. Youcannotreadtheseregistersto
determinewhichbitshavebeensetorclearedinthepast;therefore,youshouldmaintainasoftware
copyofthewrite-onlyregisters. Thissoftwarecopycanthenbereadtodeterminethestatusofthe
write-onlyregisters. Tochangethestateofasinglebitwithoutdisturbingtheremainingbits,set
orclearthebitinthesoftwarecopyandwritethesoftwarecopytotheregister.

Initializing the NBaMlOal6X Board

TheNB-MI0-16XhardwaremustbeinitializedfortheNB-:MI0-16Xcircuitrytooperateproperly.
UsethefollowingproceduretoinitializetheNB-MI0-16Xhardware.

1. Write0100(hex)toCommandRegister1(16-bitwrite)foranNB-MI0-16X-42. Thisstep
selectsthe2MHzinternalclockratefortheADC.

2. Write0080(hex)toCommandRegister2(16-bitwrite). Thisstepdisablesallinterruptsfrom
theNB-MI0-16X.

3. WriteOtotheMux-GainRegister(16-bitwrite).

4. InitializetheRTSIbusswitch(describedinthefollowing.pages).

5. InitializetheAm9513A(describedinthefollowingpages).

6. PerformaninternalAIDcalibration(describedinthefollowingpages).

7. WriteOtotheTMRINTCLRegister(16-bitwrite).

8. Initializetheanalogoutputcircuitry(des~bedinthefollowingpages).

9. WriteOtotheDigitalOutputRegister(16-bitwrite).
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ThissequenceleavestheNB-MI0-16Xcircuitryinthefollowingstate:

• DMAdisabled.

" Allinterruptsdisabled.

• Outputsofcounter/timersinhigh-impedancestate.

• Analoginputcircuitryinitialized.

• Analogoutputcircuitryinitialized.

" ADCcalibrated.

" AIDFIFOcleared.

0 AnaloginputchannelOselected.

• Gainof1selected.

• AllpinsontheRTSIswitchconfiguredasinputpins.

0 Digitaloutputcircuitryinitialized.

Initializing the RTSI Bus Switch

Programming

ThisprocedureconfiguresallsignalstotheRTSIbusswitchasreadsignals. Thisconfiguration
guaranteesthattheRTSIbusswitchisnotdrivingthesignalsconnectedtoit,whichmaycause
undesirableresults. Allwritesare8-bitoperations. Usethefollowingproceduretoinitializethe
RTSIbusswitch.

1. Fori=0to55(decimal),writeOtotheRTSIShiftRegister(baseaddress+C0000hex)to
loadtheRTSIswitchwiththeprogramdatapattern.

2. WriteOtotheRTSISwitchStrobeRegister(baseaddress+C0004hex)toloadthepattern
intotheRTSIswitch.

Initializing the Arn9513A

Usethefollowingproceduretoinitializ.etheAm9513ACounter/fimer. Allwritesare16-bit
operations.

1. IssueamasterresetbywritingFFFF(hex)totheAm9513ACommandRegister.

2. SetupAm9513A16-bitmodebywritingFFEF(hex)totheAm9513ACommandRegister.

3. PointtotheAm9513AMasterModeRegisterbywritingFF17(hex)totheAm9513A
CommandRegister.

4. LoadthemastermodevalueintotheAm9513AMasterModeRegisterbywritingFOOO(hex)to
theAm9513ADataRegister.
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5. Initializeallfivecounters. Forctr=1through5,followthesesteps:

a. WriteFFOO(hex)+ctrtotheAm9513ACommandRegistertoselecttheCounterMode
Register.

b. Write0004(hex)totheAm9513ADataRegistertostorethecountermodevalue.

c. WriteFF08(hex)+ctrtotheAm9513ACommandRegistertoselecttheCounterLoad
Register.

d. Write3totheAm9513ADataRegistertostoreaninactivecountvalueintheCounterLoad
Register.

6. LoadallcounterswiththeirCounterLoadRegistervaluesbywritingFF5F(hex)tothe
Am9513ACommandRegister.

7. Waitatleast50µsec,incaseanAIDconversionisinadvertentlyinitiatedbywritingtothe
Am9513Aregisters.

8. WriteOtotheAIDClearRegistertoresettheboard ThisensuresthattheAIDFIFOiscleared
incaseaconversionwasinitiatedinadvertently.

Afterthissequenceofwrites,theAm9513ACounter/fimerisinthefollowingstate:

• 16-bitmodeisenabled.

• BCDscalardivisionisselected.

" TheFOUTsignalisturnedoff.

• AllcounterOUToutputpinsaresettohigh-impedanceoutputstate.

• Allcountersareloadedwithanon-terminalcountvalue.

ForadditionaldetailsconcerningtheAm9513ACounter/fimer,seeAppendixC,AMDDataSheet.

Note: IfadataacquisitionoperationisexecutedandCounter4ofAm9513Aisnotused,then
write0000(hex)totheAm9513ADataRegister(insteadof0004hex)whenctr=4.
Writing0000(hex)totheAm9513ADataRegistercausestheoutputofCounter4tobelow
andthereforepreventsimproperterminationofthedataacquisitionoperation.

Performing an Internal ADC Calibration

UsethefollowingproceduretointernallycalibratetheADC. Thistakesroughly0.75sec. No
otheractivityshouldbetakingplaceontheboardotherthanreadingtheStatusRegistertoverifyif
thecalibrationisfinished.

1. WriteOtotheInternalCalibrationRegister.

2. RepeatedlyreadtheStatusRegister(16-bitread)untiltheCONVAVAILbitisset

3. WriteOtotheAIDClearRegister.
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Initializing the Analog Output Circuitry

TheNB-MI0-16Xstartsupwiththeanalogoutputcircuitryatanunknownvoltage. Formost
applications,theanalogoutputcircuitryshouldbeinitializedtoOV.

Iftheanalogoutputchannelisconfiguredforunipolaroperation,writeOtotheDACRegister
(16-bitwrite)forthatchannel.

Iftheanalogoutputchannelisconfiguredfortwo'scomplementbipolaroutput,writeOtotheDAC
Register(16-bitwrite)forthatchannel.

Iftheanalogoutputchannelisconfiguredforstraightbinarybipolaroutput,write2,048
(07FFhex)totheDACRegister(16-bitwrite)forthatchannel.

Programming the Analog Input Circuitry

ToprogramtheanaloginputcircuitrytoobtainasingleNDconversion,followthesesteps:

1. Selectanaloginputchannelandgain.

2. InitiateanNDconversion.

3. ReadtheNDconversion·result.

Inaddition,thebinaryformatoftheNDconversionresultcanbeprogrammedandtheanalog
inputcircuitrycanbereset.

1. Select analog input channel and gain.

TheanaloginputchannelandgainareselectedbywritingtotheMux-GainRegister. Bits7and6
controlthegain,andbits3throughOselecttheanaloginputchannel. SeetheMux-GainRegister
bitdescriptionearlierinthischapterforgainandanaloginputchannelbitpatterns. Setupthebits
asgivenintheMux-GainRegisterbitdescriptionandwritetotheMux-GainRegister.

OncetheMux-GainRegisterissetup,itneedstobewrittentoonlywhentheanaloginputchannel
orgainsettingneedstobechanged.

2. Initiate an AID conversion.

AnNDconversioncanbeinitiatedinoneoftwoways-asoftware-generatedpulse,orahardware
pulse.

e ToinitiateanNDconversionthroughsoftware,writeOtotheNDStartConvertRegister.

e ToinitiateanNDconversionthroughhardware,applyanactivelowpulsetotheEXTCONV*
pinontheNB-MI0-16XI/0connector. SeeDataAcquisitionTimi.ngConnectionsin
Chapter2,ConfigurationandInstallation,forEXTCONV*signalspecifications.

OnceanNDconversionisinitiated,theADCautomaticallystorestheresultintheNDFIFOatthe
endofitsconversioncycle.
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3. Read the AID conversion result.

NDconversionresultsareobtainedbyreadingtheNDFIFORegister. BeforereadingtheND
FIFO,however,theStatusRegistershouldbereadtodeterminewhethertheAIDFIFOcontains
anyresults.

ToreadtheNDconversionresult,followthesesteps:

a. ReadtheStatusRegister(16-bitread).

b. IftheCONYAVAILbitisset,thenreadtheAIDFIFORegistertoobtaintheresult

ReadingtheNDFIFORegisterremovestheAIDconversionresultfromtheAIDFIFO. The
binarymodesoftheAIDFIFOoutputareexplainedlaterinthischapter.

TheCONYAVAILbitindicateswhetheroneormoreNDconversionresultsarestoredintheAID
FIFO. IftheCONYAVAILbitisnotset,theAIDFIFOisemptyandreadingtheNDFIFO
Registerreturnsmeaninglessdata. OnceanAIDconversionisinitiated,theCONYAVAILbitisset
within100µsec, indicatingthatthedataconversionresultcanbereadfromtheFIFO.

AnAIDFIFOoverflowconditionoccursifmorethan16conversionsareinitiatedandstoredinthe
NDFIFObeforetheNDFIFORegisterisread. Ifthisconditionoccurs,theOVERFLOWbitis
setintheStatusRegistertoalertyouthatoneormoreNDconversionresultshavebeenlost
becauseofFIFOoverflow. Writingto theAIDClearRegisterclearsthiserrorflagandemptiesthe
NDFIFO.

AmFIFOOutputBinary Formats

TheAIDconversionresultcanbereturnedfromtheAIDFIFOasatwo'scomplementorstraight
binaryvaluebysettingorclearingthe2SCADC*bitinCommandRegister1. Iftheanaloginput
circuitryisconfiguredforeitheroftheunipolarinputranges(0to+5VorOto+10V),straight
binaryformatisrecommended(setthe2SCADC*bit). Straightbinaryformatreturnsnumbers
betweenOand65,535(decimal)whentheAIDFIFORegisterisread. Iftheanaloginputcircuitry
isconfiguredforeitherofthebipolarinputranges(-5to+5Vor-10to+10V),two'scomplement
formatisrecommended(clearthe2SCADC*bit). Two'scomplementformatreturnsnumbers
between-32,768and+32,767(decimal)whentheNDFIFORegisterisread.

Table4-3showsinputvoltageversusNDconversionvalueforstraightbinaryformatforOto
+5VandOto+10Vinputranges. Table4-4showsinputvoltageversusNDconversionvaluefor
two'scomplementformatfor-5to+5Vand-10to+10Vinputranges. Thefactorydefaultinput
rangeis-10to+10V.
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Table4-3. StraightBinaryModeNDConversionValues

Input Voltage AID Conversion Result
(Gain=1) Range: 0 to +5 V Range: 0 to +10 V

Decimal Hex Decimal Hex

0 0 0000 0 0000
2.5 32,768 8000 16,384 4000
4.999924 65,535 FFFF - -
5.0 - - 32,768 8000
7.5 - - 49,152 cooo
9.999847 - - 65,535 FFFF

Instraightbinarymode,thedatafromtheADCFIFOcanbeconvertedtotheinputvoltage
measuredusingthefollowingformulas:

Oto+5VRange=AIDCount* 5V
65,536 Gain

AIDCount... IOVOto+lOVRange = .,.__
65,536 Gain

Table4-4. Two'sComplementModeNDConversionValues

Input Voltage AID Conversion Result
(Gain=1) Range: -5 to +5 V Range: alO to +10 V

Decimal Hex Decimal Hex
10.0 - - -32,768 8000
-5.0 -32,768 8000 -16,384 cooo
-2.5 -16,384 cooo -8,192 EOOO
0 0 0000 0 0000
2.5 16,384 4000 8,192 2000
4.999847 32,767 7FFF - -
5.0 - - 16,384 4000
9.999695 - - 32,767 FFFF

Intwo'scomplementmode,thedatafromtheNDFIFOcanbeconvertedto theinputvoltage
measuredusingthefollowingformulas:

+5VRange =AIDCount* 5V
32,768 Gain

+lOVRange = AlDCount*10V
32,768 Gain
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Clearing theAnalog InputCircuitry

TheanaloginputcircuitrycanbeclearedbywritingOtotheNDClearRegister. Thisoperation
leavestheanaloginputcircuitryinthefollowingstate:

0 AnaloginputerrorflagsOVERFLOWandOVERRUNarecleared.

0 Pendinginterruptrequestsarecleared.

• NDFIFOisemptied.

TheNDFIFOshouldbeemptiedbeforeanyNDconversionsarestarted. Thisactionguarantees
thattheNDconversionresultsreadfromtheNDFIFOaretheresultsfromtheinitiated
conversions,notresultsremainingfrompreviousconversions.

Programming Multiple AID Conversions on a Single Input Channel

TheNB-MI0-16XboardcanbeprogrammedtoexecuteamultipleNDconversionsequencewith
thefollowingoptions:

0 NDconversionscanbeinitiatedeitherbypulsesgeneratedbytheonboardsample-interval
counterorbypulsesappliedtotheEXTCONV*input Thesepulsescontroltheconversion
rate. ·

0 Theentireconversionsequencecanbestartedbyasoftwarewriteoperationtotheboardorby
asignalappliedtotheSTARTIRIG*input

0 Youcanselecteitherposttriggerorpretriggeroperation. Inposttriggeroperation,thesample
counterbeginsdecrementingwitheachconversionpulseoncetheconversionsequenceis
started. Whenthesamplecounterreaches0,theconversionsequenceterminates. Thus,all
acquireddataisreceivedafterthetriggerorsoftwarestart Inpretriggeroperation,thesample
counterdoesnotdecrementuntilatriggersignalisappliedtotheSTOPTRIGinput Whenthe
conversionsequenceterminates,someoftheacquireddataisreceivedbeforethetriggersignal
andsomeisreceivedafterthissignal.

Themostcommonlyusedconfigurationisfortheonboardsample-intervalandsamplecountersto
controltheentiredataacquisitionoperation. Programmingthisconfigurationisexplainedhere.
TheothertimingconfigurationsareexplainedunderExternalTimingConsiderationsforMultiple
AIDConversionslaterinthischapter. Multiple-channelscanningisdiscussedunderProgrammi.ng
MultipleAIDConversionswithChannelScanninglaterinthischapter.

Thefollowingprogrammingsequencesforsamplecountslessthan65,537allowthedata
acquisitioncircuitrytoberetriggered. Thesample-intervalandsamplecountersarereloadedatthe
endofthedataacquisitiontoprepareforanotherdataacquisitionoperation. Thecountersdonot
needreprogramming,andthenextdataacquisitionoperationstartswhenatriggerisreceived.

ProgrammingmultipleNDconversionsonasinglechannelrequiresthefollowingprogramming
steps:

1. Selectanaloginputchannelandgain.

2. Programthesample-intervalcounter.
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3. Programthesamplecounter.

4. CleartheNDcircuitry.

5. Enablethedataacquisitionoperation.

6. Applyatrigger.

7. Servicethedataacquisitionoperation.

Eachoftheseprogrammingstepsisdescribedindetailonthefollowingpages.

1. Select analog input channel and gain.

TheanaloginputchannelandgainareselectedbywritingtotheMux-GainRegister. Bits7and6
controlthegain,andbits3throughOselecttheanaloginputchannel. SeetheMux-GainRegister
bitdescriptionearlierinthischapterforgainandanaloginputchannelbitpatterns. Setupthebits
asgivenintheMux-GainRegisterbitdescription,andwritetotheMux-GainRegister.

TheMux-GainRegisterneedstobewrittentoonlywhentheanaloginputchannelorgainsetting
needstobechanged.

2. Program the sample-interval counter.

Counter3oftheAm9513ACounter/Timerisusedasthesample-intervalcounter. Counter3can
beprogrammedtogenerateapulseonceeveryNcounts. Nisreferredtoasthesampleinterval,
thatis,thetimebetweensuccessiveNDconversions. Ncanbebetween2and65,536. Onecount
isequaltotheperiodofthetimebaseclockusedbythecounter. Thefollowingclocksareavailable
internaltotheAm9513A: 1MHz, 100kHz,10kHz,1kHz,and100Hz. Inaddition,thesample-
intervaltimercanusesignalsconnectedtoanyoftheAm9513ASOURCEinputpins.

Toprogramthesample-intervalcounter,usethefollowingprogrammingsequence. Allwritesare
16-bitoperations.

a. WriteFF03(hex)totheAm9513ACommandRegistertoselecttheCounter3ModeRegister.

b. WritethemodevaluetotheAm9513ADataRegistertostoretheCounter3modevalue. Use
oneofthefollowinghexmodevalues:

8B25 - Selects I-MHzclock
8C25 - Selects100-kHzclock
8D25 - Selects10-kHzclock
8E25 - Selects I-kHzclock
8F25 - Selects100-Hzclock
8525 - SelectssignalatSOURCESinputasclock(countstherisingedgeofthesignal,

6MHzmaximum)

c. WriteFFOB (hex)totheAm9513ACommandRegistertoselecttheCounter3LoadRegister.

d. Write2totheAm9513ADataRegistertostoretheCounter3loadvalue.

e. WriteFF44(hex)totheAm9513ACommandRegistertoloadCounter3.
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f. WriteFFF3(hex)totheAm9513ACommandRegistertostepCounter3downto1.

g. WritethedesiredsampleintervaltotheAm9513ADataRegistertostoretheCounter3load
value:

• Ifthesampleintervalisbetween2andFFFF(hex)(65,535decimal),writethesample
intervaltotheAm9513ADataRegister.

• Ifthesampleintervalis10000(hex)(65,536decimal),writeOtotheAm9513AData
Register.

h. WriteFFF3(hex)totheAm9513ACommandRegistertwicetostepCounter3twice.

i. WriteFF24(hex)totheAm9513ACommandRegistertoarmCounter3.

Afteryoucompletethisprogrammingsequence,Counter3isconfiguredtogenerateND
conversionpulsesassoonasapplicationofatriggercausesittobeenabled.

3. Program the sample counter.

Counters4and5oftheAm9513ACounterffimerareusedasthesamplecounter. Thesample
countertalliesthenumberofNDconversionsinitiatedbyCounter3andstopsCounter3whenthe
desiredsamplecountisreached. Ifthedesiredsamplecountis65,536orless,onlyCounter4
needstobeused,makingCounter5availableforgeneral-purposetimingapplications. Ifthe
desiredsamplecountisgreaterthan65,536,bothCounters4and5mustbeused.

SampleCounts2throu~h65,536

Usethisproceduretoprogramthesamplecounterforsamplecountsupto65,536. Theminimum
permittedsamplecountis2. Allwritesare16-bitoperations.

a. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

b. Write1025(hex)totheAm9513ADataRegistertostoretheCounter4modevalue.

c. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

d. WritethesamplecountvaluetotheAm9513ADataRegistertostoretheCounter4loadvalue:

• Ifthesamplecountisbetween2andFFFF(hex)(65,535decimal),writethesamplecount
totheAm9513ADataRegister.

• Ifthesamplecountis10000(hex) (65,536decimal),writeOtotheAm9513AData
Register.

e. WriteFF48(hex)totheAm9513ACommandRegistertoloadCounter4.

f. WriteFFF4(hex)totheAm9513ACommandRegistertodecrementCounter4.

g. WriteFF28(hex)totheAm9513ACommandRegistertoarmCounter4.
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h. Clearthe16*/32CNTbitinCommandRegister1tonotifythehardwarethatonlyCounter4
willbeusedasthesamplecounter.

Afteryoucompletethisprogrammingsequence,Counter4isconfiguredtocountNDconversion
pulsesgeneratedbyCounter3andturnsoffthedataacquisitionoperationwhenCounter4
decrementsto0.

SampleCountsGreaterthan65,536

Usethisproceduretoprogramthesamplecounterforsamplecountsgreaterthan65,536. The
lower16bitsofthesamplecountarestoredinCounter4,andtheupper16bitsofthesample
countarestoredinCounter5. Allwritesare16-bitoperations.

a. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

b. Write1025(hex)totheAm9513ADataRegistertostoretheCounter4modevalue.

c. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

d. Writetheleastsignificant16bitsofthesamplecountvalueminus1totheAm9513AData
RegistertostoretheCounter4loadvalue.

• Iftheleastsignificant16bitsareall0,writeFFFF(hex).

e. WriteFF48(hex)totheAm9513ACommandRegistertoloadCounter4.

f. WriteOtotheAm9513ADataRegistertostoreOintotheLoadRegisterforCounter4
reloading.

g. WriteFF28(hex)totheAm9513ACommandRegistertoarmCounter4.

h. WriteFF05(hex)totheAm9513ACommandRegistertoselecttheCounter5ModeRegister.

1. Write25(hex)to theAm9513ADataRegistertostoretheCounter5modevalue.

J. WriteFFOD(hex)totheAm9513ACommandRegistertoselecttheCounter5LoadRegister.

k. Takethemostsignificant16bitsofthesamplecountanddothefollowing:

• Iftheleastsignificant16bitsofthesamplecountareallOorallOexceptfora1intheleast
significantbit,writethemostsignificant16bitstotheAm9513ADataRegistertostorethe
Counter5loadvalue.

• Otherwise,add1tothemostsignificant16bitsofthesamplecountandwritethatvalueto
theAm9513ADataRegistertostoretheCounter5loadvalue.

1. WriteFF70(hex)totheAm9513ACommandRegistertoloadandarmCounter5.

m. Setthe16*/32CNTbitinCommandRegister1tonotifythehardwarethatbothCounters4
and5willbeusedasthesamplecounter.
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Afteryoucompletethisprogrammingsequence,Counter4isconfiguredtocountNDconversion
pulsesgeneratedbyCounter3,andCounter5decrementseverytimeCounter4reaches0. The
dataacquisitionoperationisterminatedwhenbothCounters4and5reach0.

4. Clear the AID circuitry.

Beforeyoustartthedataacquisitionoperation,theNDFIFOmustbeemptiedtoclearoutanyold
NDconversionresults. Thisemptyingmustbedoneafterthecountersareprogrammedincase
anyspuriousedgeswerecausedwhileprogrammingthecounters. WriteOtotheNDClear
RegistertoemptytheFIFO.

5. Enable the data acquisition operation.

ToenablethedataacquisitionoperationsothatAIDconversionsbeginwhenatriggerisreceived,
settheDAQENbitinCommandRegister1.

6. Apply a trigger.

Oncesetupbytheprecedingsteps,thedataacquisitionoperationisinitiatedwhenatriggeris
received. Atriggercanbeprovidedinoneoftwoways: throughsoftwareorthroughhardware.

Toinitiatethedataacquisitionoperationthroughsoftware,writeOtotheStartDAQRegister
(16-bitwrite).

Toinitiatethedataacquisitionoperationthroughhardware,applyanactivelowpulsetothe
STARTTRIG*pinontheNB-MI0-16XI/0connector. SeeDataAcquisitionTimingConnections
inChapter2,ConfigurationandInstallation,forSTARTTRIG*signalspecifications.

Oncethetriggerisapplied,Counter3generatespulsesinitiatii;igNDconversionsonceevery
sampleintervaluntilthesamplecounterreaches0.

7. Service the data acquisition operation.

Oncethedataacquisitionoperationisstartedbyapplicationofatrigger,theoperationmustbe
servicedbyreadingtheNDFIFORegistereverytimeanNDconversionresultbecomesavailable.
Todothis,performthefollowingsequenceuntilthedesirednumberofconversionresultshave
beenread:

a. ReadtheStatusRegister(16-bitread).

b. IftheCONYAVAILbitisset,readtheNDFIFORegistertoobtaintheresult

InterruptsorDMAcanalsobeusedtoservicethedataacquisitionoperation. Thesetopicsare
discussedlaterinthischapter.

Twoerrorconditionsmayoccurduringadataacquisitionoperation-anoverflowerror,oran
overrunerror. TheseerrorconditionsarereportedthroughtheStatusRegisterandshouldbe
checkedeverytimetheStatusRegisterisreadtochecktheCONYAVAILbit Ifeitherofthese
errorconditionsoccurs,thedataacquisitionoperationstops.
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Anoverflowconditionoccursifmorethan16AIDconversionshavebeenstoredintheAIDFIFO
withouttheAIDFIFObeingread; thatis,theAIDFIFOisfullandcannotacceptanymoredata.
ThisconditionoccursifthesoftwareloopreadingtheAIDFIFORegisterisnotfastenoughto
keepupwiththeAIDconversionrate. Whenanoverflowoccurs,atleastoneAIDconversion
resultislost. AnoverflowconditionhasoccurrediftheOVERFLOWbitintheStatusRegisteris
set.

AnoverrunconditionoccursifanAIDconversionisimtiatedbeforethepreviousconversionis
finished. ThisconditionmayresultinoneormoremissingAIDconversions. Thiscondition
occursifthesampleintervalistoosmall(samplerateistoohigh). Anoverrunconditionhas
occurrediftheOVERRUNbitintheStatusRegisterisset SeeTable4-5forNB-MI0-16X
maximumrecommendedsingle-channeldataacquisitionrates.

Table4-5. Single-ChannelDataAcquisitionRates

Board Acquisition Rate

NB-MI0-16X(H/L)-42 23.8ksamples/sec
NB-MI0-16X(H/L)-18 55.6ksamples/sec

BoththeOVERFLOWandOVERRUNbitsintheStatusRegisterareclearedbywritingtotheAID
ClearRegister.

External Timing Considerations for Multiple AID Conversions

TherearetwowaysyoucanuseexternaltimingformultipleAIDconversions-usingthe
STOPTRIGinputtocontrolthesamplecounter,andapplyingpulsestotheEXTCONV*input. In
addition,STARTTRIGprovidesexternalsynchronizationofthestartofamultipleAIDconversion
sequence.

Pretriggeringwith the STOPTRIG Signal

Inthiscase,thesample-intervalcounterstartscountingwhenarisingedgesignalisappliedtothe
STOPTRIGinputontheNB-MI0-16XI/0connector. Thesamplecountershouldbeprogrammed
foractivehighlevelgatingonGate4. Thedataacquisitionoperationisinitiatedbywritingtothe
StartDAQRegisterorbyapulseontheSTARTTRIG*input Thesamplecountregisterdoesnot
begincountingsamplesuntilarisingedgeisappliedtoSTOPTRIG.

Toperformthisoperation,completethesesteps:

1. Selectanaloginputchannelandgain.

2. Programthesample-intervalcounter.

3. Programthesamplecounter.

4. CleartheAIDcircuitry.

5. Applyatrigger.

6. Servicethedataacquisitionoperation.
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1, Selectanaloginputchanneland~ain.

TheanaloginputchannelandgainareselectedbywritingtotheMux-GainRegister. Bits7and6
controlthegain,andbits3throughOselecttheanaloginputchannel. SeetheMux-GainRegister
bitdescriptionearlierinthischapterforgainandanaloginputchannelbitpatterns. Setupthebits
asgivenintheMux-GainRegisterbitdescription,andwritetotheMux-GainRegister.

Oncesetupwithaninitialvalue,theMux-GainRegisterneedstobewrittentoonlywhenthe
analoginputchannelorgainsettingneedstobechanged.

2. Programthesample-intervalcounter.

Counter3oftheAm9513ACounterffimerisusedasthesample-intervalcounter. Counter3can
beprogrammedtogenerateapulseonceeveryNcounts. Nisreferredtoasthesampleinterval,
thatis,thetimebetweensuccessiveNDconversions. Ncanbebetween2and65,536. Onecount
isequaltotheperiodofthetimebaseclockusedbythecounter. Thefollowingclocksareavailable
internaltotheAm9513A: 1MHz,100kHz,10kHz,1kHz,and100Hz. Inaddition,thesample-
intervaltimercanusesignalsconnectedtoanyoftheAm9513ASOURCEinputpins.

Toprogramthesample-intervalcounter,usethefollowingprogrammingsequence. Allwritesare
16-bitoperations.

a. WriteFF03(hex)totheAm9513ACommandRegistertoselecttheCounter3ModeRegister.

b. WritethemodevaluetotheAm9513ADataRegistertostoretheCounter3modevalue. Use
oneofthefollowinghexmodevalues:

8B25 - Selects1-MHzclock
8C25 - Selects100-kHzclock
8D25 - Selects10-kHzclock
8E25 - Selects1-kHzclock
8F25 - Selects100-Hzclock
8525 - SelectssignalatSOURCESinputasclock(countstherisingedgeofthesignal,

6MHzmaximum)

c. WriteFFOB (hex)totheAm9513ACommandRegistertoselecttheCounter3LoadRegister.

d. Write2totheAm9513ADataRegistertostoretheCounter3loadvalue.

e. WriteFF44(hex)totheAm9513ACommandRegistertoloadCounter3.

f. WriteFFF3(hex)totheAm9513ACommandRegistertostepCounter3downto1.

g. WritethedesiredsampleintervaltotheAm9513ADataRegistertostoretheCounter3load
value:

" Ifthesampleintervalisbetween2andFFFF(hex)(65,535decimal)inclusive,writethe
sampleintervaltotheAm9513ADataRegister.

" Ifthesampleintervalis10000(hex)(65,536decimal),writeOtotheAm9513AData
Register.

h. WriteFF24(hex)totheAm9513ACommandRegistertoarmCounter3.
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Afteryoucompletethisprogrammingsequence,Counter3isconfiguredtogenerateND
conversionpulsesassoonasapplicationofatriggercausesittobeenabled.

3, Programthesamplecounter,

Counters4and5oftheAm9513ACounterffimerareusedasthesamplecounter. Thesample
countertalliesthenumberofNDconversionsinitiatedbyCounter3andstopsCounter3whenthe
desiredsamplecountisreached. Ifthedesiredsamplecountis65,536orless,onlyCounter4
needstobeused,makingCounter5availableforgeneral-purposetimingapplications. Ifthe
desiredsamplecountisgreaterthan65,536,bothCounters4and5mustbeused.

SampleCounts2through65,536 Usethisproceduretoprogramthesamplecounterforsample
countsupto65,536. Theminimumpermittedsamplecountis2. Allwritesare16-bitoperations.

a. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

b. Write9025(hex)totheAm9513ADataRegistertostoretheCounter4modevalue.

c. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

d. WritethesamplecountvaluetotheAm9513ADataRegistertostoretheCounter4loadvalue:

• Ifthesamplecountisbetween2andFFFF(hex)(65,535decimal),writethesamplecount
totheAm9513ADataRegister.

• Ifthesamplecountis1(X)()()(hex)(65,536decimal),writeOtotheAm9513AData
Register.

e. WriteFF48(hex)totheAm9513ACommandRegistertoloadCounter4.

f. WriteFFF4(hex)totheAm9513ACommandRegistertodecrementCounter4.

g. WriteFF28(hex)totheAm9513ACommandRegistertoarmCounter4.

h. Clearthe16*/32CNTbitinCommandRegister1tonotifythehardwarethatonlyCounter4
willbeusedasthesamplecounter.

Afteryoucompletethisprogrammingsequence,Counter4isconfiguredtocountNDconversion
pulsesgeneratedbyCounter3andtotumoffthedataacquisitionoperationwhenCounter4
decrementsto0. Counter4beginscountingNDconversionpulseswhenarisingedgesignalis
receivedontheSTOPTRIGinputNDconversiondatastoredbeforereceiptoftheSTOPIRIG
signalarepretriggersamples.

SampleCountsGreaterthan65,536 Usethisproceduretoprogramthesamplecounterforsample
countsgreaterthan65,536. Thelower16bitsofthesamplecountarestoredinCounter4,andthe
upper16bitsofthesamplecountarestoredinCounter5. Allwritesare16-bitoperations.

a. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

b. Write9025(hex)totheAm9513ADataRegistertostoretheCounter4modevalue.
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c. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

d. Writetheleastsignificant16bitsofthesamplecountvalueminus1totheAm9513AData
RegistertostoretheCounter4loadvalue.

" Iftheleastsignificant16bitsareall0,writeFFFF(hex).

e. WriteFF48(hex)totheAm9513ACommandRegistertoloadCounter4.

f. WriteO(hex)totheAm9513ADataRegistertostoreOintotheLoadRegisterforCounter4
reloading.

g. WriteFF28(hex)totheAm9513ACommandRegistertoarmCounter4.

h. WriteFF05(hex)totheAm9513ACommandRegistertoselecttheCounter5ModeRegister.

1. Write25(hex)totheAm9513ADataRegistertostoretheCounter5modevalue.

J. WriteFFOD(hex)totheAm9513ACommandRegistertoselecttheCounter5LoadRegister.

k. Takethemostsignificant16bitsofthesamplecountanddothefollowing:

" Iftheleastsignificant16bitsofthesamplecountareallOorallOexceptfora1intheleast
significantbit,writethemostsignificant16bitstotheAm9513ADataRegistertostorethe
Counter5loadvalue.

" Otherwise,add1tothemostsignificant16bitsofthesamplecountandwritethatvalueto
theAm9513ADataRegistertostoretheCounter5loadvalue.

I. WriteFF70(hex)totheAm9513ACommandRegistertoloadandarmCounter5.

m. Setthe16*/32CNTbitinCommandRegister1tonotifythehardwarethatbothCounters4
and5willbeusedasthesamplecounter.

Afteryoucompletethisprogrammingsequence,Counter4isconfiguredtocountNDconversion
pulsesgeneratedbyCounter3,andCounter5decrementseverytimeCounter4reaches0. The
dataacquisitionoperationistenninatedwhenbothCounters4and5reach0. Counters4and5
begincountingNDconversionpulseswhenarisingedgesignalisreceivedontheSTOPTRIG
input. NDconversiondatastoredbeforereceiptoftheSTOPTRIGsignalarepretriggersamples.

4, CleartheAIDcircuitty,

Beforeyoustartthedataacquisitionoperation,theNDFIFOmustbeemptiedtoclearoutanyold
NDconversionresults. Thisemptyingmustbedoneafterthecountersareprogrammedincase
anyspuriousedgeswerecausedwhileprogrammingthecounters. WriteOtotheNDClear
RegistertoemptytheFIFO(16-bitwrite).

5. Applyatrigger,

Oncesetupbytheprecedingsteps,thedataacquisitionoperationisinitiatedwhenatriggeris
received. Atriggercanbeprovidedinoneoftwoways-throughsoftware,orthroughhardware.
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• Toinitiatethedataacquisitionoperationthroughsoftware,writeOtotheStartDAQRegister
(16-bitwrite).

• Toinitiatethedataacquisitionoperationthroughhardware,applyanactivelowpulsetothe
STARTTRIG*pinontheNB-MI0-16XI/0connector. SeeDataAcquisitionTiming
Connectionsin'Chapter2,ConfigurationandInstallation,forSTARTTRIG*signal
specifications.

Oncethetriggerisapplied,Counter3generatespulsesinitiatingAIDconversionsonceevery
sampleintervaluntilthesamplecounterreaches0.

6. Servicethedataacqyisitionoperation,

Oncethedataacquisitionoperationis startedbyapplicationofatrigger,theoperationmustbe
servicedbyreadingtheAIDFIFORegistereverytimeanAIDconversionresultbecomesavailable.
Todothis,performthefollowingsequenceuntilthedesirednumberofconversionresultshave
beenread:

a. ReadtheStatusRegister(16-bitread).

b. IftheCO_NVAVAILbitisset,readtheAIDFIFORegistertoobtaintheresult

InterruptsorDMAcanalsobeusedtoservicethedataacquisitionoperation. Thesetopicsare
discussedlaterinthischapter.

Twoerrorconditionsmayoccurduringadataacquisitionoperation-anoverflowerror,oran
overrunerror. TheseerrorconditionsarereportedthroughtheStatusRegisterandshouldbe
checkedeverytimetheStatusRegisterisreadtochecktheCONYAVA1Lbit Ifeitherofthese
errorconditionsoccurs,thedataacquisitionoperationstops.

Anoverflowconditionoccursifmorethan16AIDconversionshavebeenstoredintheAIDFIFO
withouttheAIDFIFObeingread;thatis,theAIDFIFOisfullandcannotacceptanymoredata.
ThisconditionoccursifthesoftwareloopreadingtheAIDFIFORegisterisnotfastenoughto
keepupwiththeAIDconversionrate. Whenanoverflowoccurs,atleastoneAIDconversion
resultislost. AnoverflowconditionhasoccurrediftheOVERFLOWbitintheStatusRegisteris
set.

AnoverrunconditionoccursifanAIDconversionisinitiatedbeforethepreviousconversionis
finished. ThisconditionmayresultinoneormoremissingAIDconversions. Thiscondition
occursifthesampleintervalistoosmall(samplerateistoohigh). Anoverrunconditionhas
occurrediftheOVERRUNbitintheStatusRegisterisset SeeTable4-5forNB-MI0-16X
maximumdataacquisitionrates.

BoththeOVERFLOWandOVERRUNbitsintheStatusRegisterareclearedbywritingtotheAID
ClearRegister.

Whensteps 1through5Qfthissequencearecompleted,Counter3isarmedandbeginsgenerating
pulses. Thesamplecounterdoesnotbegincountinguntilarisingedgesignalisdetectedonthe
STOP'IRIGinput. Whenthesamplecountdecrements to0,thedataacquisitionoperationhalts.
Chapter2,ConfigurationandInstallation,containstheSTOPTRIGsignalspecifications.
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Controlling Multiple AID Conversions with the EXTCONV* Signal

WhenyouuseEXTCONV*tocontrolmultipleNDconversions,noneoftheonboardcounters
needtobeused,butthesamplecounterscanstillbeusedtostopthedataacquisitionoperation
whentheterminalcountisreached. PulsesappliedtotheEXTCONV*inputinitiatetheND
conversions. Toperformthisoperation,completethesesteps:

1. Selectanaloginputchannelandgain.

2. (Optional)Programthesamplecounter(seeProgrammingMultipleAIDConversionsona
SingleInputChannelearlierinthischapter).

3. CleartheNDcircuitry.

4. Servicethedataacquisitionoperation.

First,makecertainthatCounter3isresetasdescribedunderResettingtheHardwareafteraData
AcquisitionOperationlaterinthischapter. IfCounter3isnotreset,itmaybedrivingthe
EXTCONV*lineandthereforepreventanothersignalfromsuccessfullydrivingthelinehighor
low.

1. Selectanaloginputchannelandgain.

TheanaloginputchannelandgainareselectedbywritingtotheMux-GainRegister. Bits7and6
controlthegain,andbits3throughOselecttheanaloginputchannel. SeetheMux-GainRegister
bitdescriptionearlierinthischapterforgainandanaloginputchannelbitpatterns. Setupthebits
asgivenintheMux-GainRegisterbitdescription,andwritetotheMux-GainRegister.

TheMux-GainRegisterneedstobewrittentoonlywhentheanaloginputchannelorgainsetting
needstobechanged.

2. CleartheAIDcircuitry.

Beforestartingthedataacquisitionoperation,theNDFIFOmustbeemptiedtoclearoutanyold
NDconversionresults. WriteOtotheNDClearRegistertoemptytheFIFO.

3. Servicethedataacquisitionoperation.

Onceanexternaltriggerstartsthedataacquisitionoperation,theoperationisservicedbyreading
theNDFIFORegistereverytimeanNDconversionresultbecomesavailable. Todothis,
performthefollowingsequenceuntilthedesirednumberofconversionresultshavebeenread:

a. ReadtheStatusRegister(16-bitread).

b. IftheCONYAVAILbitisset,readtheNDFIFORegistertoobtaintheresult

InterruptsorDMAcanalsobeusedtoservicethedataacquisitionoperation. Thesetopicsare
discussedlaterinthischapter.

Twoerrorconditionsmayoccurduringadataacquisitionoperation: anoverflowerrororan
overrunerror. TheseerrorconditionsarereportedthroughtheStatusRegisterandshouldbe
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checkedeverytimetheStatusRegisterisreadtochecktheCONVAVAILbit Ifeitherofthese
errorconditionsoccurs,thedataacquisitionoperationstops.

Anoverflowconditionoccursifmorethan16AIDconversionshavebeenstoredintheAIDFIFO
withouttheAIDFIFObeingread; thatis,theAIDFIFOisfullandcannotacceptanymoredata.
ThisconditionoccursifthesoftwareloopreadingtheAIDFIFORegisterisnotfastenoughto
keepupwiththeAIDconversionrate. Whenanoverflowoccurs,atleastoneAIDconversion
resultislost. AnoverflowconditionhasoccurrediftheOVERFLOWbitintheStatusRegisteris
set.

AnoverrunconditionoccursifanAIDconversionisinitiatedbeforethepreviousconversionis
finished. ThisconditionmayresultinoneormoremissingAIDconversions. Thiscondition
occursifthesampleintervalistoosmall(samplerateistoohigh). Anoverrunconditionhas
occurrediftheOVERRUNbitintheStatusRegisterisset SeeTable4-5forNB-MI0-16X
maximumdataacquisitionrates.

BoththeOVERFLOWandOVERRUNbitsintheStatusRegisterareclearedbywritingtotheAID
ClearRegister.

AnAIDconversionisinitiatedandstoredintheAIDFIFOeverytimealow-to-highedgeis
detectedontheEXTCONV*input SeeChapter2,ConfigurationandInstal.lation,for
EXTCONV*signalspecifications.

P.rog.ramming Multiple AID Conversions with Channel Scanning

ThedataacquisitionprogrammingsequencesdescribedearlierprogramtheNB-MI0-16Xfor
multipleAIDconversiononasingleinputchannel. TheNB-MI0-16Xcanalsobeprogrammed
forscanninganaloginputchannelsandswitchinggainsettingsduringthedataacquisition
operation. ThesequenceofAIDchannelsandgainsettings,calledthescansequence,is
programmedintothemux-gainmemory.

TherearetwotypesofmultipleAIDconversionswithchannelscanning-continuouschannel
scanning,andintervalchannelscanning. Continuouschannelscanningcyclesthroughthescan
sequenceinthemux-gainmemoryandrepeatsthescansequenceuntilthesamplecounter
terminatesthedataacquisition. Thereisnodelaybetweenthecyclesofthescansequence.
Continuouschannelscanningcanbethoughtofasarol.!,nd-:robinapproachtoscanningmultiple
channels.

Intervalchannelscanninggiveseachscansequenceaprogrammedtimeinterval,calledascan
interval. Eachcycleofthescansequencebeginsatthetimeintervalspecifiedbythescaninterval.
Ifthesample-intervalcounterisprogrammedfortheminimumtimerequiredtocompleteanAID
conversion,intervalchannelscanningcanbethoughtofasapseudo-simul.taneousscanningof
multiplechannels;thatis,allchannelsinthescansequencearereadasquicklyaspossibleatthe
beginningofeachscaninterval.
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Multiple AID Conversions with Continuous Channel Scanning (Round-Robin)

ToprogramcontinuousscanningofmultipleAIDconversions,followthesesteps:

1. Setuptheanalogchannelandgainselectionsequence.

2. Programthesample-intervalcounter.

3. Programthesamplecounter.

4. CleartheAIDcircuitryandresetthemuxcounter.

5. Enablethescanningdataacquisitionoperation.

6. Applyatrigger.

7. Servicethedataacquisitionoperation.

SettingtheSCANENbitinCommandRegister1enablesscanningduringmultipleAID
conversions. Thisbitmustbesetregardlessofthetypeofscanningused;otherwise,onlyasingle
channelisscanned. Inaddition,achannelandgainscansequencemustbestoredinthemux-gain
memory.

1. Setuptheanalogchannelandgainselectionsequence.

Duringascanningdataacquisitionoperation,aselectednumberoflocationsinthemux-gain
memoryareclockedthrough. Anewmux-gainmemorylocationisselectedaftereachAID
conversion. Thefirstconversionisperformedonthefirstchannelandgainsettinginthememory.
Thesecondconversionisperformedonthesecondchannelandgainsetting,andsoon. Thelast
entrywrittentothemux-gainmemorymusthavetheLASTONEbitset(seetheMux-GainRegister
descriptionearlierinthischapter). Thisbitmarkstheendofthescansequence. Afterthelast
conversionisperformed,thescansequencestartsover. IfthereareXentriesinthemux-gain
memory,everyXthconversioninthedatacollectedisperformedonthesamechannelandgain
setting.

Multipleconversionscanbeperformedoneachentryinthemux-gainmemorybeforeincrementing
tothenextentryinthescansequence. IftheSCANDIVbitinCommandRegister1isset,the
mux-gainmemoryincrementstothenextentrywhenanactivelowpulseisdetectedonthe
Am9513ACounter/fimerOUTlsignal. IftheSCANDIVbitiscleared,themux-gainmemoryis
incrementedtothenextentryaftereveryconversion.

Themux-gainmemorymustbeloadedwiththedesiredscansequencebeforedataacquisition
begins. Toloadthemux-gainmemory,performthefollowingwriteoperationswhereXisthe
numberofentriesinthescansequence:

Fori=0toX-1,followthesesteps:

a. WriteitotheMux-CounterRegistertoselectthemux-gainmemorylocation.

b. WritethedesiredanalogchannelselectionandgainsettingtotheMux-GainRegistertoloadthe
mux-gainmemoryatlocationi.

c. Ifi=X-1,alsosettheLASTONEbitwhenwritingtotheMux-GainRegister.
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2. Programthesample-intervalcounter.

Counter3oftheAm9513ACounter/Timerisusedasthesample-intervalcounter. Counter3can
beprogrammedtogenerateapulseonceeveryNcounts. Nisreferredtoasthesampleinterval,
thatis,thetimebetweensuccessiveNDconversions. Ncanbebetween2and65,536. Onecount
isequaltotheperiodofthetimebaseclockusedbythecounter. Thefollowingclocksareavailable
internaltotheAm9513A: 1MHz,100kHz,10kHz,1kHz,and100Hz. Inaddition,thesample-
intervaltimercanusesignalsconnectedtoanyoftheAm9513ASOURCEinputpins.

Toprogramthesample-intervalcounter,usethefollowingprogrammingsequence. Allwritesare
16-bitoperations.

a. WriteFF03(hex) totheAm9513ACommandRegistertoselecttheCounter3ModeRegister.

b. WritethemodevaluetotheAm9513ADataRegistertostoretheCounter3modevalue. Use
oneofthefollowinghexmodevalues:

8B25 - Selects1-MHzclock
8C25 - Selects100-kHzclock
8D25 - Selects10-kHzclock
8E25 - Selects1-kHzclock
8F25 - Selects100-Hzclock
8525 - SelectssignalatSOURCESinputasclock(countstherisingedgeofthesignal,

6MHzmaximum)

c. WriteFFOB (hex)totheAm9513ACommandRegistertoselecttheCounter3LoadRegister.

d. Write2totheAm9513ADataRegistertostoretheCounter3loadvalue.

e. WriteFF44(hex)totheAm9513ACommandRegistertoloadCounter3.

f. WriteFFF3(hex)totheAm9513ACommandRegistertostepCounter3downto 1.

g. WritethedesiredsampleintervaltotheAm9513ADataRegistertostoretheCounter3load
value:

• Ifthesampleintervalisbetween2andFFFF(hex)(65,535decimal),writethesample
intervaltotheAm9513ADataRegister.

• Ifthesampleintervalis10000(hex)(65,536decimal),writeOtotheAm9513AData
Register.

h. WriteFF24(hex)totheAm9513ACommandRegistertoarmCounter3.

Afteryoucompletethisprogrammingsequence,Counter3isconfiguredtogenerateAID
conversionpulsesassoonasapplicationofatriggercausesittobeenabled.
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3, Programthesamplecounter.

Counters4and5oftheAm9513ACounter/Timerareusedasthesamplecounter. Thesample
countertalliesthenumberofNDconversionsinitiatedbyCounter3andstopsCounter3whenthe
desiredsamplecountisreached. Thesamplecountshouldbeprogrammedasamultipleofthe
numberofentriesinthemux-gainmemory. Ifthedesiredsamplecountis65,536orless,only
Counter4needstobeused,makingCounter5availableforgeneral-purposetimingapplications.
Ifthedesiredsamplecountisgreaterthan65,536,bothCounters4and5mustbeused.

SampleCounts2through65,536 Usethisproceduretoprogramthesamplecounterforsample
countsupto65,536. Theminimumpermittedsamplecountis2. Allwritesare16-bitoperations.

a. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

b. Write1025(hex)totheAm9513ADataRegistertostoretheCounter4modevalue.

c. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

d. WritethesamplecountvaluetotheAm9513ADataRegistertostoretheCounter4loadvalue:

• Ifthesamplecountisbetween2andFFFF(hex)(65,535decimal),writethesamplecount
minus1totheAm9513ADataRegister.

• Ifthesamplecountis10000(hex) (65,536decimal),writeOtotheAm9513AData
Register.

e. WriteFF48(hex)totheAm9513ACommandRegistertoloadCounter4.

f. WriteFFF4(hex)totheAm9513ACommandRegistertodecrementCounter4.

g. WriteFF28(hex)totheAm9513ACommandRegistertoarmCounter4.

h. Clearthe16*/32CNTbitinCommandRegister1tonotifythehardwarethatonlyCounter4
willbeusedasthesamplecounter.

Afteryoucompletethisprogrammingsequence,Counter4isconfiguredtocountNDconversion
pulsesgeneratedbyCounter3andtoturnoffthedataacquisitionoperationwhenCounter4
reaches0.

SampleCountsGreaterthan65.536 Usethisproceduretoprogramthesamplecounterforsample
countsgreaterthan65,536. Thelower16bitsofthesamplecountarestoredinCounter4,andthe
upper16bitsofthesamplecountarestoredinCounter5. Allwritesare16-bitoperations.

a. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

b. Write1025(hex)totheAm9513ADataRegistertostoretheCounter4modevalue.

c. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

d. Writetheleastsignificant16bitsofthesamplecountvalueminus1totheAm9513AData
RegistertostoretheCounter4loadvalue.

• Iftheleastsignificant16bitsareall0,writeFFFF(hex).
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e. WriteFF48(hex)totheAm9513ACommandRegistertoloadandarmCounter4.

f. WriteOtotheAm9513ADataRegistertostoreOintotheLoadRegisterforCounter4
reloading.

g. WriteFF28(hex)totheAm9513ACommandRegistertoarmCounter4.

h. WriteFF05(hex)totheAm9513ACommandRegistertoselecttheCounter5ModeRegister.

1. Write25(hex)totheAm9513ADataRegistertostoretheCounter5modevalue.

j. WriteFFOD(hex)totheAm9513ACommandRegistertoselecttheCounter5LoadRegister.

k. Takethemostsignificant16bitsofthesamplecountanddothefollowing:

• Iftheleastsignificant16bitsofthesamplecountareallOorallOexceptfora1intheleast
significantbit,writethemostsignificant16bitstotheAm9513ADataRegistertostorethe
Counter5loadvalue.

• Otherwise,add1tothemostsignificant16bitsofthesamplecountandwritethatvalueto
theAm9513ADataRegistertostoretheCounter5loadvalue.

1. WriteFF70(hex)totheAm9513ACommandRegistertoloadandarmCounter5.

m. Setthe16*/32CNTbitinCommandRegister1tonotifythehardwarethatbothCounters4
and5willbeusedasthesamplecounter.

Afteryoucompletethisprogrammingsequence,Counter4isconfiguredtocountNDconversion
pulsesgeneratedbyCounter3,andCounter5incrementseverytimeCounter4reaches0. The
dataacquisitionoperationisterminatedwhenbothCounters4and5reachOandthelastentryin
themux-gainmemoryisserved.

4. CleartheAIDcircuitzyandresetthemuxcounter.

Beforestartingthedataacquisitionoperation,theNDFIFOmustbeemptiedtoclearoutanyold
NDconversionresults. Thisemptyingmustbedoneafterthecountersareprogrammedincase
anyspuriousedgeswerecausedwhileprogrammingthecounters. WriteOtotheNDClear
RegistertoemptytheFIFO.

WriteOtotheMux-CounterRegistertosettheanaloginputcircuitrytothefirstchannelandgain
settingofthescansequence.

5. Enablethescannin&dataacquisitionoperation.

ToenablethescanningdataacquisitionoperationsothatNDconversionsbeginwhenatriggeris
received,settheDAQENbitandtheSCANENbitinCommandRegister1.
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6, Applyatrigger.

Oncesetupbytheprecedingsteps,thedataacquisitionoperationisinitiatedwhenatriggeris
received. Atriggercanbeprovidedinoneoftwoways-throughsoftware,orthroughhardware.

.. Toinitiatethedataacquisitionoperationthroughsoftware,writeOtotheStartDAQRegister.

• Toinitiatethedataacquisitionoperationthroughhardware,applyanactivelowpulsetothe
STARTTRIG*pinontheNB-MI0-16XI/0connector. SeeDataAcquisitionTiming
ConnectionsinChapter2,ConfigurationandInsta/.lation,forSTARTTRIG*signal
specifications.

Oncethetriggerisapplied,Counter3generatespulsesinitiatingNDconversionsonceevery
sampleintervaluntilthesamplecounterreaches0.

7, Servicethedataacquisitionoperation,

Oncethedataacquisitionoperationisstartedbyapplicationofatrigger,theoperationisserviced
byreadingtheNDFJFORegistereverytimeanNDconversionresultbecomesavailable. Todo
this,performthefollowingsequenceuntilthedesirednumberofconversionresultshavebeen
read:

a. ReadtheStatusRegister(16-bitread).

b. IftheCONVAVA1Lbitisset,readtheNDFJFORegistertoobtaintheresult

InterruptsorDMAcanalsobeusedtoservicethedataacquisitionoperation. Thesetopicsare
discussedlaterinthischapter.

Twoerrorconditionsmayoccurduringadataacquisitionoperation-anoverflowerror,oran
overrunerror. TheseerrorconditionsarereportedthroughtheStatusRegisterandshouldbe
checkedeverytimetheStatusRegisterisreadtochecktheCONVAVA1Lbit Ifeitherofthese
errorconditionsoccurs,thedataacquisitionoperationstops.

Anoverflowconditionoccursifmorethan16NDconversionshavebeenstoredintheNDFJFO
withouttheNDFJFObeingread; thatis,theNDFJFOisfullandcannotacceptanymoredata.
ThisconditionoccursifthesoftwareloopreadingtheNDFJFORegisterisnotfastenoughto
keepupwiththeNDconversionrate. Whenanoverflowoccurs,atleastoneNDconversion
resultislost. AnoverflowconditionhasoccurrediftheOVERFLOWbitintheStatusRegisteris.
set.

AnoverrunconditionoccursifasecondNDconversionisinitiatedbeforethepreviousconversion
isfinished. ThisconditionmayresultinoneormoremissingNDcon"'.ersions. Thiscondition
occursifthesampleintervalistoosmall(samplerateistoohigh). Anoverrunconditionhas
occurrediftheOVERRUNbitintheStatusRegisteris set.

Scanneddataacquisitionrequiresslowerdataacquisitionratesthansingle-channeldataacquisition
becausesignalsmustsettleeachtimechannelsareswitched. SeeTable4-6forthemaximum
recommendedmultiple-channeldataacquisitionrates.

BoththeOVERFLOWandOVERRUNbitsintheStatusRegisterareclearedbywritingtotheND
ClearRegister.
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Multiple AID Conversions with Interval Channel Scanning (Pseudo-Simultaneous)

ToprogramscannedmultipleAIDconversionswithascaninterval,followthesesteps:

1. Setuptheanalogchannelandgainselectionsequence.

2. Programthesample-intervalcounter.

3. Programthesamplecounter.

4. Programthescan-intervalcounter.

5. CleartheAIDcircuitryandresetthemuxcounter.

6. Enablethescanningdataacquisitionoperation.

7. Applyatrigger.

8. Servicethedataacquisitionoperation.

SettingtheSCANENbitinCommandRegister1enablesscanningduringmultipleAID
conversions. Thisbitmustbesetregardlessofthetypeofscanningused;otherwise,onlyasingle
channelisscanned. Inaddition,achannelandgainscansequencemustbestoredinthemux-gain
memory.

SettingtheSCN2bitinCommandRegister1enablestheuseofascanintervalduringmultipleAID
conversions. Thescan-intervalcountergiveseachcyclethroughthescansequenceatimeinterval.
Thescan-intervalcounterbeginscountingatthestartofthescansequenceprogrammedintothe
mux-gainmemory. Whenthescansequencecompletes,thenextcyclethroughthescansequence
doesnotbeginuntilthescan-intervalcounterhasreacheditsterminalcount. Besurethatthescan-
intervalcounterallowsenoughtimeforallconversionsinascansequencetooccursothat
conversionsarenotmissed.

1. Setuptheanalogchannelandgainselectionseg_uence.

Duringascanningdataacquisitionoperation,aselectednumberoflocationsinthemux-gain
memoryareclockedthrough. Anewmux-gainmemorylocationisselectedaftereachAID
conversion. Thefirstconversionisperformedonthefirstchannelandgainsettinginthememory.
Thesecondconversionisperformedonthesecondchannelandgainsetting,andsoon. Thelast
entrywrittentothemux-gainmemorymusthavetheLASTONEbitset. Thisbitmarkstheendof
thescansequence. Afterthelastconversionisperformed,thescansequencestartsover. Ifthere
areXentriesfathemux-gainmemory,everyXthconversioninthedatacollectedisperformedon
thesamechannelandgainsetting.

Multipleconversionscanbeperformedoneachentryinthemux-gainmemorybeforeincrementing
tothenextentryinthescansequence. IftheSCANDIVbitinCommandRegister1isset,the
mux-gainmemoryincrementstothenextentrywhenanactivelowpulseisdetectedonthe
Am9513ACounter/fimerOUTlsignal. IftheSCANDIVbitiscleared,themux-gainmemoryis
incrementedtothenextentryaftereveryconversion.

Themux-gainmemorymustbeloadedwiththedesiredscansequencebeforedataacquisition
begins. Toloadthemux-gainmemory,performthefollowingwriteoperationswhereXisthe
numberofentriesinthescansequence.
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Fori=0toX-1,followthesesteps:
a. WriteitotheMux-CounterRegistertoselectthemux-gainmemorylocation.

b. WritethedesiredanalogchannelselectionandgainsettingtotheMux-GainRegistertoloadthe
mux-gainmemoryatlocationi.

c. Ifi=X-1,alsosettheLASTONEbitwhenwritingtotheMux-GainRegister.

2, Programthesample-intervalcounter,

Counter3oftheAm9513ACounter!fimerisusedasthesample-intervalcounter. Counter3can
beprogrammedtogenerateapulseonceeveryNcounts. Nisreferredtoasthesampleinterval,
thatis,thetimebetweensuccessiveAIDconversions. Ncanbebetween2and65,536. Onecount
isequaltotheperiodofthetimebaseclockusedbythecounter. Thefollowingclocksareavailable
internaltotheAm9513A: 1MHz,100kHz,10kHz,1kHz,and100Hz. Inaddition,thesample-
intervaltimercanusesignalsconnectedtoanyoftheAm9513ASOURCEinputpins.

Toprogramthesample-intervalcounter,usethefollowingprogrammingsequence. Allwritesare
16-bitoperations.

a. WriteFF03(hex)totheAm9513ACommandRegistertoselecttheCounter3ModeRegister.

b. WritethemodevaluetotheAm9513ADataRegistertostoretheCounter3modevalue. Use
oneofthefollowinghexmodevalues:

8B25 - Selects1-MHzclock
8C25 - Selects100-kHzclock
8D25 - Selects10-kHzclock
8E25 - Selects1-kHzclock
8F25 - Selects100-Hzclock
8525 - SelectssignalatSOURCESinputasclock(countstherisingedgeofthesignal,

6MHzmaximum)

c. WriteFFOB (hex)totheAm9513ACommandRegistertoselecttheCounter3LoadRegister.

d. Write2totheAm9513ADataRegistertostoretheCounter3loadvalue.

e. WriteFF44(hex)totheAm9513ACommandRegistertoloadCounter3.

f. WriteFFF3(hex)totheAm9513ACommandRegistertostepCounter3downto1.

g. WritethedesiredsampleintervaltotheAm9513ADataRegistertostoretheCounter3load
value:

• Ifthesampleintervalisbetween2andFFFF(hex) (65,535decimal),writethesample
intervaltotheAm9513ADataRegister.

" Ifthesampleintervalis10000(hex)(65,536decimal),writeOtotheAm9513AData
Register.
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h. WriteFF24(hex)totheAm9513ACommandRegistertoarmCounter3.

Afteryoucompletethisprogrammingsequence,Counter3isconfiguredtogenerateAID
conversionpulsesassoonasapplicationofatriggercausesittobeenabled.

3, Programthesamplecounter,

Counters4and5oftheAm9513ACounter/fimerareusedasthesamplecounter. Thesample
countertalliesthenumberofAIDconversionsinitiatedbyCounter3andstopsCounter3whenthe
desiredsamplecountisreached. Thesamplecountshouldbeprogrammedasamultipleofthe
numberofentriesinthemux-gainmemory. Ifthedesiredsamplecountis65,536orless,only
Counter4needstobeused,makingCounter5availableforgeneral-purposetimingapplications.
Ifthedesiredsamplecountisgreaterthan65,536,bothCounters4and5mustbeused.

SampleCounts2through65,536 Usethisproceduretoprogramthesamplecounterforsample
countsupto65,536. Theminimumpermittedsamplecountis2. Allwritesare16-bitoperations.

a. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

b. Write1025(hex)totheAm9513ADataRegistertostoretheCounter4modevalue.

c. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

d. WritethesamplecountvaluetotheAm9513ADataRegistertostoretheCounter4loadvalue:

" Ifthesamplecountisbetween2andFFFF(hex)(65,535decimal),writethesamplecount
minus1totheAm9513ADataRegister.

• Ifthesamplecountis10000(hex)(65,536decimal),writeOtotheAm9513AData
Register.

e. WriteFF48(hex)totheAm9513ACommandRegistertoloadCounter4.

f. WriteFFF4(hex)totheAm9513ACommandRegistertodecrementCounter4.

g. WriteFF28(hex)totheAm9513ACommandRegistertoarmCounter4.

h. Clearthe16*/32CNTbitinCommandRegister1tonotifythehardwarethatonlyCounter4
willbeusedasthesamplecounter.

Whenthisprocedureiscompleted,Counter4isconfiguredtocountAIDconversionpulses
generatedbyCounter3andtoturnoffthedataacquisitionoperationwhenCounter4reaches0.
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SampleCountsGreaterthan65,536 Usethisproceduretoprogramthesamplecounterforsample
countsgreaterthan65,536. Thelower16bitsofthesamplecountarestoredinCounter4,andthe
upper16bitsofthesamplecountarestoredinCounter5. Allwritesare16-bitoperations.

a. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

b. Write1025(hex)totheAm9513ADataRegistertostoretheCounter4modevalue.

c. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

d. Writetheleastsignificant16bitsofthesamplecountvalueminus1totheAm9513AData
RegistertostoretheCounter4loadvalue.

• Iftheleastsignificant16bitsareall0,writeFFFF(hex).

e. WriteFF48(hex)totheAm9513ACommandRegistertoloadCounter4.

f. WriteOtotheAm9513ADataRegistertostoreOintotheLoadRegisterforCounter4
reloading.

g. WriteFF28(hex)totheAm9513ACommandRegistertoarmCounter4.

h. WriteFF05(hex)totheAm9513ACommandRegistertoselecttheCounter5ModeRegister.

i. Write25(hex)totheAm9513ADataRegistertostoretheCounter5modevalue.

j. WriteFFOD (hex)totheAm9513ACommandRegistertoselecttheCounter5LoadRegister.

k. Takethemostsignificant16bitsofthesamplecountanddothefollowing:

• Iftheleastsignificant16bitsofthesamplecountareallOorallOexceptfora1intheleast
significantbit,writethemostsignificant16bitstotheAm9513ADataRegistertostorethe
Counter5loadvalue.

• Otherwise,add1tothemostsignificant16bitsofthesamplecountandwritethatvalueto
theAm9513ADataRegistertostoretheCounter5loadvalue.

1. WriteFf70(hex)totheAm9513ACommandRegistertoloadandarmCounter5.

m. Setthe16*/32CNTbitinCommandRegister1tonotifythehardwarethatbothCounters4
and5willbeusedasthesamplecounter.

Afteryoucompletethisprogrammingsequence,Counter4isconfiguredtocountAIDconversion
pulsesgeneratedbyCounter3,andCounter5incrementseverytimeCounter4reaches0. The
dataacquisitionoperationisterminatedwhenbothCounters4and5reachOandthelastentryin
themux-gainmemoryisserved.
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4. Programthescan-intervalcounter,

Counter2oftheAm9513ACounter/fimerisusedasthescan-intervalcounter. Counter2canbe
programmedtogenerateapulseonceeveryNcounts. Nisreferredtoasthescaninterval,thatis,
thetimebetweensuccessivescansequencesprogrammedintothemux-gainmemory. Ncanbe
between2and65,536. Onecountisequaltotheperiodofthetimebaseclockusedbythecounter.
ThefollowingclocksareavailableinternaltotheAm9513A: 1MHz,100kHz,10kHz, 1kHz,
and100Hz. Inaddition,thescan-intervaltimercanusesignalsconnectedtoanyoftheAm9513A
SOURCEinputpins.

Toprogramthescan-intervalcounter,usethefollowingprogrammingsequence. Allwritesare
16-bitoperations.

a. WriteFF02(hex)totheAm9513ACommandRegistertoselecttheCounter2ModeRegister.

b. WritethemodevaluetotheAm9513ADataRegistertostoretheCounter2modevalue. Use
oneofthefollowinghexmodevalues:

8B25 - Selects1-MHzclock
8C25 - Selects100-k:Hzclock
8D25 - Selects10-kHzclock
8E25 - Selects1-kHzclock
8F25 - Selects100-Hzclock
8525 - SelectssignalatSOURCESinputasclock(countstherisingedgeofthesignal,

6MHzmaximum)

c. WriteFFOA(hex)totheAm9513ACommandRegistertoselecttheCounter2LoadRegister.

d. Write3totheAm9513ADataRegistertostoretheCounter2loadvalue.

e. WriteFF42(hex)totheAm9513ACommandRegistertoloadCounter2.

f. WriteFFF2(hex)otheAm9513ACommandRegistertostepCounter2downto 1.

g. Entriesstoredinthemux-gainmemoryshouldbescannedonceduringascaninterval. The
followingconditionmustbesatisfied:

scaninterval ~ 2µsec+sampleinterval*x

wherexisthenumberofentriesinthescansequence.

WritethedesiredscanintervaltotheAm9513ADataRegistertostoretheCounter2loadvalue:

• Ifthescanintervalisbetween2andFFFF(hex)(65,535decimal),writethescaninterval
totheAm9513ADataRegister.

• Ifthescanintervalis10000(hex) (65,536decimal),writeOtotheAm9513AData
Register.

h. WriteFF22(hex)totheAm9513ACommandRegistertoarmCounter2.

Afteryoucompletethisprogrammingsequence,Counter2isconfiguredtoassignatimeintervalto
scansequencesoncethetriggertoenableNDconversionsisdetected.

©NaJionalInstrumentsCorporaJion 4-65 NB-MI0-16XUserManual



Programming Chapter4

5, CleartheAIDcircuitryandresetthemuxcounter,

Beforestartingthedataacquisitionoperation,theNDFIFOmustbeemptiedtoclearoutanyold
NDconversionresults. Thisemptyingmustbedoneafterthecountersareprogrammedincase
anyspuriousedgeswerecausedwhileprogrammingthecounters. WriteOtotheNDClear
RegistertoemptytheFIFO(16-bitwrite).

WriteOtotheMux-CounterRegistertosettheanaloginputcircuitrytothefirstchannelandgain
settingofthescansequence.

WriteOtotheTMRINTCLRegistertoclearanyspuriousedgecausedbyprogrammingCounter2.

6. Enablethescanningdataacquisitionweration,

ToenablethescanningdataacquisitionoperationsuchthatNDconversionsbeginwhenatrigger
isreceived,settheDAQENbitandtheSCANENbitinCommandRegister1. Toenablethescan
intervaltiming,settheSCN2bitinCommandRegister2.

7, Applyatrigger,

Oncesetupbytheprecedingsteps,thedataacquisitionoperationisinitiatedwhenatriggeris
received. Atriggercanbeprovidedinoneoftwoways-throughsoftware,orthroughhardware.

• Toinitiatethedataacquisitionoperationthroughsoftware,writeOtotheStartDAQRegister.

• Toinitiatethedataacquisitionoperationthroughhardware,applyanactivelowpulsetothe
STARTTRIG*pinontheNB-MI0-16XI/0connector. SeeDataAcquisitionTiming
ConnectionsinChapter2,ConfigurationandInstallation,forSTARTTRIG*signal
specifications.

Oncethetriggerisapplied,Counter3generatespulsesinitiatingNDconversionsonceevery
sampleintervaluntilthesamplecounterreachesOandthelastscancycleiscompleted. Counter2
generatesascanintervalforeachcyclethroughthescansequenceinthemux-gainmemory.

8, Servicethedataacquisitionoperation,

Oncethedataacquisitionoperationisstartedbyapplicationofatrigger,theoperationisserviced
byreadingtheNDFIFORegistereverytimeanNDconversionresultbecomesavailable. Todo
this,performthefollowingsequenceuntilthedesirednumberofconversionresultshavebeen
read:

a. ReadtheStatusRegister(16-bitread).

b. IftheCONYAVAILbitisset,readtheNDFIFORegistertoobtaintheresult

InterruptsorDMAcanalsobeusedtoservicethedataacquisitionoperation. Thesetopicsare
discussedlaterinthischapter.
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Twoerrorconditionsmayoccurduringadataacquisitionoperation-anoverflowerror,oran
overrunerror. TheseerrorconditionsarereportedthroughtheStatusRegisterandshouldbe
checkedeverytimetheStatusRegisterisreadtochecktheCONVAVAILbit Ifeitherofthese
errorconditionsoccurs,thedataacquisitionoperationstops.

Anoverflowconditionoccursifmorethan16AIDconversionshavebeenstoredintheAIDFIFO
withouttheAIDFIFObeingread;thatis,theAIDFIFOisfullandcannotacceptanymoredata.
ThisconditionoccursifthesoftwareloopreadingtheAIDFIFORegisterisnotfastenoughto
keepupwiththeAIDconversionrate. Whenanoverflowoccurs,atleastoneAIDconversion
resultislost. AnoverflowconditionhasoccurrediftheOVERFLOWbitintheStatusRegisteris
set.

AnoverrunconditionoccursifasecondAIDconversionisinitiatedbeforethepreviousconversion
isfinished. ThisconditionmayresultinoneormoremissingAIDconversions. Thiscondition
occursifthesampleintervalistoosmall(samplerateistoohigh). Anoverrunconditionhas
occurrediftheOVERRUNbitintheStatusRegisterisset.

Scanneddataacquisitionrequiressloweracquisitionratesthansingle-channeldataacquisition
becausesignalsmustsettleeachtimechannelsareswitched. SeeTable4-6forthemaximum
recommendedmultiple-channeldataacquisitionrates.

Table4-6. Multiple-ChannelDataAcquisitionRates

Board Gain Data Acquisition Rate

0.01% Settling 0.005% Settling l/2 LSB Settling

NB-MI0-16X(H/L)-42 1,2,4,8,10 23.8ksamples/sec 20ksamples/sec 5ksamples/sec
100 20ksamples/sec 20ksamples/sec 2ksamples/sec
500 20ksamples/sec 10ksamples/sec 2ksamples/sec

NB-MI0-16X(HIL)-18 1,2,4,8,10 33.3ksamples/sec 20ksamples/sec 5ksamples/sec
100 20ksamples/sec 20ksamples/sec 2ksamples/sec
500 20ksamples/sec 10ksamples/sec 2ksamples/sec

BoththeOVERFLOWandOVERRUNbitsintheStatusRegisterareclearedbywritingtotheAID
ClearRegister.

External Timing Considerations for Scanned Data Acquisition

AfteryoufollowtheprogramminginstructionslistedunderExternalTimingConsiderationsfor
MultipleAIDConversionsearlierinthischapter,completetheseadditionalsteps:

1. Setuptheanalogchannelandgainsequenceaspreviouslydescribed.

2. SettheSCANENbitinCommandRegister1.

3. SetthemuxcountertoObeforestartingthedataacquisitionoperation.
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Resetting the Hardware after a Data Acquisition Operation

Afteradataacquisitionoperationiscomplete,ifnoerrorsoccurredandthesamplecountwasless
thanorequalto10000hex,thentheNB-MI0-16Xisleftinthesamestateasitwasatthe
beginningofthedataacquisitionoperation. Thecountersdonotneedtobereprogrammed;another
dataacquisitionoperationbeginswhenatriggerisreceived. Ifthenextdataacquisitionoperation
requiresthecounterstobeprogrammeddifferently,theAm9513Acountersthatwereusedmustbe
disarmedandreset.

Resetting Counter 2

ToresetCounter2,usethefollowingprogrammingsequence. Allwritesare16-bitoperations.

1. WriteFFC2(hex)totheAm9513ACommandRegistertodisarmCounter2.

2. WriteFF02(hex)totheAm9513ACommandRegistertoselecttheCounter2ModeRegister.

3. Write4totheAm9513ADataRegistertostoretheCounter2modevaluesuchthatcounter
outputbecomeshigh-impedance.

4. WriteFFOA(hex)totheAm9513ACommandRegistertoselecttheCounter2LoadRegister.

5. Write3totheAm9513ADataRegistertostorethenon-terminalcountvalueintheCounter2
LoadRegister.

6. WriteFF42(hex)totheAm9513ACommandRegistertoloadCounter2.

7. WriteFF42(hex)totheAm9513ACommandRegisterasecondtimetoloadCounter2againto
guaranteethatCounter2isnotleftinaterminalcountstate.

Resetting Counter 3

ToresetCounter3,usethefollowingprogrammingsequence. Allwritesare16-bitoperations.

1. WriteFFC4(hex)totheAm9513ACommandRegistertodisarmCounter3.

2. WriteFF03(hex)totheAm9513ACommandRegistertoselecttheCounter3ModeRegister.

3. Write4totheAm9513ADataRegistertostoretheCounter3modevaluesuchthatcounter
outputbecomeshigh-impedance.

4. WriteFFOB (hex)totheAm9513ACommandRegistertoselecttheCounter3LoadRegister.

5. Write3totheAm9513ADataRegistertostorethenon-terminalcountvalueintheCounter3
LoadRegister.

6. WriteFF44(hex)totheAm9513ACommandRegistertoloadCounter3.

7. WriteFF44(hex)totheAm9513ACommandRegisterasecondtimetoloadCounter3againto
guaranteethatCounter3isnotleftinaterminalcountstate.
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Resetting Counter 4

ToresetCounter4,usethefollowingprogrammingsequence. Allwritesare16-bitoperations.

1. WriteFFC8(hex)totheAm9513ACommandRegistertodisannCounter4.

2. WriteFF04(hex)totheAm9513ACommandRegistertoselecttheCounter4ModeRegister.

3. Write4totheAm9513ADataRegistertostoretheCounter4modevaluesuchthatcounter
outputbecomeshigh-impedance. IfCounter4isnottobeusedduringthenextdataacquisition
operation,writeOtotheAm9513ADataRegistertodrivetheoutputlow.

4. WriteFFOC(hex)totheAm9513ACommandRegistertoselecttheCounter4LoadRegister.

5. Write3totheAm9513ADataRegistertostorethenon-terminalcountvalueintheCounter4
LoadRegister.

6. WriteFF48(hex) totheAm9513ACommandRegistertoloadCounter4.

7. WriteFF48(hex)totheAm9513ACommandRegisterasecondtimetoloadCounter4againto
guaranteethatCounter4isnotleftinaterminalcountstate.

Resetting Counter S

ToresetCounter5,usethefollowingprogrammingsequence. Allwritesare16-bitoperations.

1. WriteFFDO(hex)totheAm9513ACommandRegistertodisannCounter5.

2. WriteFF05(hex) totheAm9513ACommandRegistertoselecttheCounter5ModeRegister.

3. Write4totheAm9513ADataRegistertostoretheCounter5modevaluesuchthatcounter
outputbecomeshigh-impedance.

4. WriteFFOD(hex)totheAm9513ACommandRegistertoselecttheCounter5LoadRegister.

5. Write3totheAm9513ADataRegistertostorethenon-terminalcountvalueintheCounter5
LoadRegister.

6. WriteFF50(hex)totheAm9513ACommandRegistertoloadCounter5.

7. WriteFF50(hex)totheAm9513ACommandRegisterasecondtimetoloadCounter5againto
guaranteethatCounter5isnotleftinaterminalcountstate.

Afterresettingthecounters,writeOtotheAIDOearRegistertoclearallerrorconditionsandto
emptytheAIDFIFO.
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Programming the Analog Output Circuitry

Thevoltageattheanalogoutputcircuitryoutputpins(pinsDACOOUTandDAClOUTonthe
NB-MI0-16XJ/0connector)iscontrolledbyloadingtheDACintheanalogoutputchannelwitha
12-bitdigitalcode. ThisDACisloadedbywritingthedigitalcodetotheDACOandDACl
Registers. WritingtotheDACORegistercontrolsthevoltageattheDACOOUTpinonthe
NB-MI0-16XJ/0connector. WritingtotheDAClRegistercontrolsthevoltageattheDAClOUT
pin. TheanalogoutputonpinsDACOOUTandDAClOUTcanbeupdatedinoneofthreeways-
immediatelywhenDACOorDACliswrittento,whenanactivelowpulseisdetectedontheOUT2
pinoftheAm9513ACounter/Timer,orwhenanactivelowpulseisreceivedfromtheRTSIbus.
TwobitsinCommandRegister1specifywhichupdatemethodisused. IfRTSIWGENisset,
thenupdatingiscontrolledbytheRTSIbus. IfTMRWGENisset,thenupdatingiscontrolledby
theOUT2signal. Ifneitherofthesebitsisset,thenaDACisupdatedimmediatelyasitiswritten
to.

Theoutputvoltagegeneratedfromthedigitalcodedependsontheconfiguration,unipolaror
bipolar,oftheassociatedanalogoutputchannel. Thisconfigurationisdeterminedbyconfiguration
jumpersontheNB-MI0-16Xboard. Inbipolarmode,configurationjumpersalsodetermineifthe
digitalcodewrittento theDACsisinstraightbinaryformorinatwo'scomplementform. The
factorydefaultisthebipolarconfigurationintwo'scomplementmode. SeeAnalogInput
ConfigurationinChapter2,ConfigurationandInstallation,formoreinformation. Table4-7
showstheoutputvoltageversusdigitalcodeforaunipolaranalogoutputconfiguration. Table4-8
showsthevoltageversusdigitalcodeforabipolaranalogoutputconfiguration.

Theformulaforthevoltageoutputversusdigitalcodeforaunipolaranalogoutputconfigurationis
asfollows:

V _ V *(digitalcode)
out - ref 4,096

whereVrefisthereferencevoltageappliedtotheanalogoutputchannel. Thedigitalcodeinthe
precedingformulaisadecimalvaluerangingfromOto4,095.
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Table4-7. AnalogOutputVoltageVersusDigitalCode(UnipolarMode)

Digital Code Voltage Output

Decimal Hex Vref=10V Vout

0 0 0 ov
1 1 Vref 2.44mV

4,096

1,024 0400 Vref 2.5V

4

2,048 0800 Vref 5V

2

3,072 ocoo Vref *3 7.5V

4

4,095 OFFF Vref *4,095 9.9976V

4,096

Theformulaforthevoltageoutputversusdigitalcodeforabipolaranalogoutputconfigurationin
straightbinaryformisasfollows:

V _ V ... (digitalcode - 2,048)
out - ref .,.. 2,048

whereVrefisthereferencevoltageappliedtotheanalogoutputchannel. Thedigitalcodeinthe
precedingformulaisadecimalvaluerangingfromOto4,095.

Theformulaforthevoltageoutputversusdigitalcodeforabipolaranalogoutputconfigurationin
two 1scomplementformisasfollows:

V _ V *(digitalcode)
out - ref 2,048

whereVrefisthepositivereferencevoltageappliedtotheanalogoutputchannel. Thedigitalcode
intheprecedingformulaisadecimalvaluerangingfrom-2,048to+2,047.
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Table4-8. AnalogOutputVoltageVersusDigitalCode(BipolarMode)

Digital Code Voltage Output

Straight Binary Two's Complement

Decimal Hex Decimal Hex Vref=10V Vout

0 0 -2,048 F800 0 -lOV

1 1 -2,047 F801 Vref *(-2,047) -9.9951V

2,048

1,024 0400 -1,024 FCOO -Vref -5V

2

2,047 07FF -1 FFFF -Vref -4.88mV

2,048

2,048 0800 0 0 0 ov
2,049 0801 1 1 Vref 4.88mV

2,048

3,072 ocoo 1,024 0400 Vref 5V

2

4,095 OFFF 2,047 07FF Vref *2,047 9.9951V

2,048

Programming the Digital I/0 Circuitry

ThedigitalinputcircuitryiscontrolledandmonitoredusingtheDigitalInputRegister,theDigital
OutputRegister,andthetwobitsDOUTAENandDOUTBENinCommandRegister2. Seethe
registerbitdescriptionsearlierinthischapterformoreinformation.

ToenabledigitaloutputportA,settheDOUTAENbitinCommandRegister2. Toenabledigital
outputportB,settheDOUTBENbitinCommandRegister2. Whenadigitaloutputportis
enabled,thecontentsoftheDigitalOutputRegisteraredrivenontothedigitallinescorresponding
tothatport. ThedigitaloutputforbothportsOand1areupdatedbywritingthedesiredpatternto
theDigitalOutputRegister.

InorderforanexternaldevicetodrivethedigitalI/0lines,theinputportsmustbeenabled. Clear
theDOUTAENbitinCommandRegister2ifanexternaldeviceisdrivingdigitalI/0lines
ADI0<3..0>. CleartheDOUTBENbitinCommandRegister2ifanexternaldeviceisdriving
digitalI/0linesBDI0<3..0>. TheDigitalInputRegistercanthenbereadtomonitorthestateof
thedigitalI/0linesasdrivenbytheexternaldevice.

ThelogicstateofalleightdigitalI/0linescanbereadfromtheDigitalInputRegister. Ifthedigital
outputportsareenabled,theDigitalInputRegisterservesasaread-backregister;thatis,youcan
determinehowtheNB-MI0-16XisdrivingthedigitalI/0linesbyreadingtheDigitalInput
Register.
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IfanydigitalI/0lineisnotdriven,itfloatstoanindetenninatevalue. Ifmorethanonedeviceis
drivinganydigitalI/0line,thevoltageatthatlinemayalsobeindeterminate. Inthesecases,the
digitallinehasnomeaningfullogicvalue,andreadingtheDigitalInputRegistermayreturneither
1orOforthestateofthedigitalline.

P.rog.ramming the Am9513A Counte.r/Time.r

Counters1,2,and5oftheAm9513ACounter/Timerareavailableforgeneral-purposetiming
applications. TheprogrammablefrequencyoutputpinFOUTisalsoavailableasatimingsignal
source. TheseapplicationsandageneraldescriptionoftheAm9513ACounter/Timerareincluded
inDataAcquisitionTimingConnectionsinChapter2,ConfigurationandInstallation. Timing110
CircuitryinChapter3,TheoryofOperation,explainshowtheAm9513Aisusedonthe
NB-MI0-16Xboard.

InitializationoftheAm9513AasrequiredbytheNB-MI0-16Xandspecificprogramming
requirementsforthesample-intervalandsamplecountersaregivenearlierinthischapter. For
generalprogrammingdetailsforCounters1,2and5,andtheprogrammablefrequencyoutput,
refertoAppendixC,AMDDataSheet.

InprogrammingtheMasterModeRegister,keepthefollowingconsiderationsinmind:

• TheAm9513Amustbeusedin16-bitbusmode.

• ThescalarcontrolshouldbesettoBCDdivisionforcorrectoperationoftheclocksas
describedunderProgrammingMultipleAIDProgrammingConversionsonaSingleInput
Channelearlierinthischapter.

RTSI Bus T.rigge.r Line P.rog.ramming Considerations

TheRTSIswitchconnectssignalsontheNB-MI0-16Xto thesevenRTSIbustriggerlines. The
RTSIswitchhassevenpinslabeledA<6:0>connectedtoNB-MI0-16Xsignals,andsevenpins
labeledB<6:0>connectedtothesevenRTSIbustriggerlines. Table4-9showsthesignals
connectedtoeachpin.
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Table4-9. RTSISwitchSignalConnections

RTSI Switch Pin Signal Name Signal Direction

ASide:

AO EXTCONV* Bidirectional
Al RTSIWG Input
A2 OUT2 Output
A2 GATEl Input
A3 SOURCES Bidirectional
A4 OUTS Output
A4 STOPTRIG Input
AS OUTl Bidirectional
A6 STARTTRIG* Bidirectional

BSide:

BO TRIGGERO Bidirectional
Bl TRIGGERl Bidirectional
B2 TRIGGER2 Bidirectional
B3 TRIGGER3 Bidirectional
B4 TRIGGER4 Bidirectional
BS TRIGGERS Bidirectional
B6 TRIGGER6 Bidirectional

Figure3-8inChapter3,TheoryofOperation,diagramstheNB-MI0-16XRTSIswitch
connections.

NB-MI0-16X RTSI Signal Connection Considerations

Chapter4

TheNB-MI0-16XboardhasatotalofninesignalsconnectedtothesevenA-sidepinsoftheRTSI
switch. ThesesamesignalsalsoappearattheNB-MI0-16XI/0connector. Asshownin
Table4-8,twoNB-MI0-16XsignalsareconnectedtopinA2,andtwosignalsareconnectedto
pinA4. TheroutingofthesesignalsisfurthercontrolledbythebitsA4DRV,A4RCV,A2DRV,
andA2RCVinCommandRegister2.

0 TodrivetheRTSIswitchpinA2withthesignalOUT2,settheA2DRVbitinCommand
Register2. Otherwise,cleartheA2DRVbit

0 TodrivethesignalGATElfrompinA2oftheRTSIswitch,settheA2RCVbitinCommand
Register2. Otherwise,cleartheA2RCVbit.

Note: IfboththeA2DRVandA2RCVbitsareset,theGATElsignalisdrivenbythesignal
OUT2. Thisarrangementisprobablynotdesirable.

• TodrivetheRTSIswitchpinA4withthesignalOUTS,settheA4DRVbitinCommand
Register2. Otherwise,cleartheA4DRVbit

• TodrivethesignalSTOPTRIGfrompinA4oftheRTSIswitch,settheA4RCVbitin
CommandRegister2. Otherwise,cleartheA4RCVbit.

Note: IfboththeA4DRVandA4RCVbitsareset,theSTOPTRIGsignalisdrivenbythesignal
OUTS. Thisarrangementisprobablynotdesirable.
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Programming the RTSI Switch

TheRTSIswitchcanbeprogrammedtoconnectanyofthesignalsontheAsidetoanyofthe
signalsontheBsideandviceversa. Todothis,a56-bitpatternisshiftedintotheRTSIswitchby
writingonebitatatimetotheRTSISwitchShiftRegisterandthenwritingtotheRTSISwitch
StrobeRegistertoloadthepatternintotheRTSIswitch.

The56-bitpatternismadeupoftwo28-bitpatterns--0neforeachside(AandB)oftheRTSI
switch. Thelow-order28bitsselectthesignalsourcesfortheB-sidepins. Thehigh-order28bits
selectthesignalsourcesfortheA-sidepins. Eachofthe28-bitpatternsaremadeupofseven4-bit
fields,oneforeachpin. The4-bitfieldselectsthesignalsourceandtheoutputenableforthepin.
Figure4-1 showsthebitmapoftheRTSIswitch56-bitpattern.

BitNumber

55 51 47 43 39 35 31 27 23 19 15 11 7 3 0

A6 A5 A4 A3 A2 Al AO B6 BS B4 B3 B2 Bl BO

MSB

S2

BitNumber 31

AOControl

Sl SO OUT
EN

30 29 28

Figure4-1. RTSISwitchControlPattern

LSB

InFigure4-1,thefieldslabeledA6throughAOandB6throughBOarethe4-bitcontrolfieldsfor
eachRTSIswitchpinofthesamename. The4-bitcontrolfieldforpinAOisshowninFigure4-1.

ThebitslabeledS2throughSOarethesignalsourceselectionbitsforthepin. Oneofsevensource
signalscanbeselected. PinsA6throughAOcanselectanyofthepinsB6throughBOassignal
sources. PinsB6throughBOselectanyofthepinsA6throughAOassignalsources. For
example,thepattern011forS2throughSOintheAOcontrolfieldselectsthesignalconnectedto
pinB3asthesignalsourceforpinAO.

ThebitlabeledOUTENistheoutputenablebitforthatpin. IftheOUTENbitisset,thepinis
drivenbytheselectedsourcesignal(thepinactsasanoutputpin). IftheOUTENbitiscleared,
thepinisnotdrivenregardlessofthesourcesignalselected;instead,thepincanbeusedasan
inputpin.

IftheAOcontrolfieldinFigure4-1 containsthepatternO111,thesignalconnectedtopinB3
(TriggerLine3)appearsatpinAO. OntheNB-MI0-16Xboard,thisarrangementallowsthe
EXTCONV*signaltobedrivenbyTriggerLine3. Conversely,iftheB4controlfieldcontains
thepattern 1011,thesignalconnectedtopinASappearsatpinB4. Thisarrangementallows
TriggerLine4tobedrivenbytheNB-MI0-16XOUTlsignal. Inthisway,boardsconnectedvia
theRTSIbuscansendsignalstoeachotherovertheRTSIbus triggerlines.
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ToprogramtheRTSIswitch,completethesesteps:

1. Calculatethe56-bitpatternbasedonthedesiredsignalrouting.

a. CleartheOUTENbitforallinputpinsandforallunusedpins.

b. SpecifythesignalsourcepinforalloutputpinsbysettingbitsS2throughSOtothesource
pinnumber.

c. SettheOUTENbitforalloutputpins.

2. Fori=0to55,dothefollowing.

a. Copybitiofthe56-bitpatterntobitOofan8-bittemporaryvariable.

b. WritethetemporaryvariabletotheRTSISwitchShiftRegister(8-bitwrite).

3. WriteOtotheRTSISwitchStrobeRegister(8-bitwrite). Thisoperationloadsthe56-bit
patternintotheRTSIswitch. Atthispoint,thenewsignalroutingtakeseffect.

Step2abovecanbecompletedbysimplywritingthelow-order8bitsofthe56-bitpatterntothe
RTSISwitchShiftRegister,thenshiftingthe56-bitpatternrightonce,andrepeatingthistwo-step
operationatotalof56times. OnlybitOofthewordwrittentotheRTSISwitchShiftRegisteris
used. Thehigher-orderbitsareignored.

Programming DMA Operations

DMAoperationscanbeusedforservicingtheNDFIFOduringadataacquisitionoperationifa
DMAboardisusedinthesystemandifitisconnectedwiththeNB-MI0-16Xboardoverthe
RTSIbus.

TheNB-MI0-16XcanbeprogrammedsuchthattheNDFIFOgeneratesaDMArequestsignal
everytimeoneormoreNDGOnversionvaluesarestoredintheNDFIFO. Toprogramthe
NB-MI0-16XforDMAoperation,performthefollowingstepsafterthecircuitryonthe
NB-MI0-16Xissetupforadataacquisitionoperationandbeforethedataacquisitionoperation
begins:

1. ProgramtheDMAboardDMAcontrollertoserviceDMArequestsfromtheNB-MI0-16X
board.

2. SettheDMAA<2..0>bitsinCommandRegister2totheDMAchanneltobeused. DMA
channels0,1,2,3,5,6,and7areavailable. DMAchannel4 isnotavailableovertheRTSI
bus.

3. SettheDMAENbitinCommandRegister1toenableDMArequestgeneration.

Whenyouhavecompletedthesesteps,theDMAcontrollerautomaticallyreads theNDFIFO
RegisterwheneveranAIDconversionresultisavailableandstorestheresultinabufferin
memory.
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ProgramminginstructionsforaDMAboardareincludedinthemanualthatcamewithyourDMA
board. YouneedthefollowinginfonnationtoprogramtheDMAControlleronaDMAboard:

• Therequestoris theNB-MI0-16Xboard.

• TherequesterdevicetypeisanI/0device.

• Therequesterholdbitshouldbesettohold.

• TherequestoraddressistheNDFIFORegisterNuBusaddress,asshowninthefollowing
table.

Slot Number NB-MI0-16X Requestor Address (Hex)

9 F9FO002C
A FAF0002C
B FBFO002C
C FCFO002C
D FDF0002C
E FEFO002C

• Transfercyclemodeistwo-cycle(fetch-and-deposit).

• Datatransfermodeissingletransfermode.

• Therequesterbussizeis16-bit.

• Thetransfertypeiswritetransfer(writetotarget).

• Thetargetdeviceisamemorybuffer(andthereforeamemorydevice).

" Thetargetaddressistheprogramaddressofthememorybufferthatistobewrittento.

• Thetargetaddressbitshouldbesettoincrement

• Thetargetdevicebussizeshouldbesettoa32-bitbus,whichismoreefficient

• Thebytecountistwotimesthedesirednumberofsamples(samplecount)minus1.

Interrupt Programming

ThreedifferentinterruptsaregeneratedbytheNB-MI0-16Xboard:

" Aninterruptisgeneratedwheneveraconversionisavailabletobereadfrom theNDFIFO.

• Aninterruptisgeneratedwheneveradataacquisitionoperationcompletesoranacquisition
erroroccurs.

• AninterruptisgeneratedwheneverarisingedgeoccursontheOUT2pinoftheAm9513A.
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InterruptscanbeusedforservicingtheNDFIFOduringadataacquisitionoperation. Two
differentinterruptsaregeneratedbytheNB-MI0-16Xboard-aninterruptthatisgenerated
wheneveraconversionisavailabletobereadfromtheNDFIFO,andaninterruptthatisgenerated
whenevertheacquisitionprocessterminates. Thedataacquisitionprocessterminateswheneverthe
samplecounterterminatesoranerroroccurs. Thesetwointerruptsareenabledindividually.

Tousetheconversioninterrupt,settheCONVINTENbitinCommandRegister1. Aconversion
interrupthasoccurredifthefollowingthreeconditionsaremet-theCONVINTENbitisset,an
interruptoccursfromtheNB-MI0-16Xboard,andtheCONYAVAILbitintheStatusRegisteris
set. ReadingfromtheNDFIFORegisterclearsthisinterruptcondition. WritingtotheNDClear
Registeralsoclearstheconversioninterrupt.

Tousethedataacquisitioncompletioninterrupt,settheCMPLINTENbitinCommandRegister1.
Adataacquisitioncompletioninterrupthasoccurredifthefollowingthreeconditionsaremet-the
CMPLINTENbitisset,aninterruptoccursfromtheNB-MI0-16Xboard,andtheCMPLINTbit
intheStatusRegisterisset WritingtotheNDClearRegisterclearstheconversioninterruptand
alsoemptiestheNDFIFO;therefore,readallremainingNDconversionresultsfromtheND
FIFORegisterbeforewritingtotheNDClearRegister.

Note: Thisinterruptisgeneratedatthebeginningofthelastconversionofadataacquisition
sequence. Thus,aninterruptserviceroutinemaybecalledevenbeforethelastconversion
isfinished. Youshouldwaituntilthelastconversionisfinished(100µsecisasafeperiod)
beforereadingtheFIFOorterminatingtheDMAprocess,ifoneisbeingused.

InterruptscanalsobegeneratedatprogrammedintervalsusingCounter2oftheAm9513A. This
kindofinterruptisusefulfortimer-controlledDACwaveformgeneration. TousetheOUT2
interrupt,settheTMRINTENbitinCommandRegister1. Ifenabled,anOUT2interruptoccurs
ontherisingedgeofOUT2,atwhichtimetheTIMERUPbitisset. WritingtotheTMRINTCL
registerorwritingtoeitheroftheDACsclearstheinterruptandclearstheTIMERUPbit For
moreinfonnation,seeProgrammingtheAnalogOutputCircuitryearlierinthischapter.

TheNBINIDISbitinCommandRegister2mustbeclearedfortheseinterruptstobedrivenonto
theNuBus.

RefertoyourMacintoshdocumentationforinfonnationaboutinitializingandservicinginterruptsinthe
Macintosh.
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Chapter 5
Calibration Procedures

ThischapterdiscussesthecalibrationproceduresfortheNB-MI0-16Xanaloginputandanalog
outputcircuitry.

TheNB-MI0-16Xiscalibratedatthefactorybeforeshipment Tomaintainaccuracyofthe
NB-MI0-16Xanaloginputandanalogoutputcircuitry,recalibrationatsix-monthintervalsis
recommended. FactorycalibrationisperformedwiththeNB-MI0-16Xinitsdefaultfactory
configuration:

• DIFFanaloginputmode

• -10to+10Vanaloginputrange(bipolar)

• -10to+10Vanalogoutputrange(bipolarwithinternal10Vreferenceselected)

RecalibrationofyourNB-MI0-16Xboardisrecommendedanytimeyouchangeyourboard
configuration.

CalibrationEquipmentRequirements
Forbestmeasurementresults,theNB-MI0-16Xshouldbecalibratedsothatitsmeasurement
accuracyiswithin±0.01percentofitsinputrange. Accordingtostandardpractice,theequipment
usedtocalibratetheNB-MI0-16Xshouldhave±0.001percentratedaccuracy. Tocalibratethe
NB-MI0-16Xboard,youneedthefollowingequipment:

• Foranaloginputcalibration,youneedaprecisionvariableDCvoltagesource(usuallya
calibrator)withtheseattributes:

Accuracy: ±0.001%

Range: ±10Vorgreater

Resolution: 100µVin±10Vrange(51/2 digits)

~ Foranalogoutputcalibration,youneedavoltmeterwiththeseattributes:

Accuracy: ±0.001%recommended
±0.003%sufficient

Range: ±10Vorgreater

Resolution: 100µVin±10Vrange(51/2 digits)
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CalibrationTrimpots
ThereareseventrimpotsontheNB-MI0-16Xforcalibration. Thelocationsofthesetrimpotson
theNB-MI0-16XboardareshowninthepartialdiagramoftheboardinFigure5-1.
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Figure5-1. CalibrationTrimpotLocationDiagram

Thefollowingtrimpotsareusedtocalibratetheanaloginputcircuitry:

• Rl- Offsettrim,analoginput

• R2- Gaintrim,analoginput

• R3- Instrumentationamplifierinputoffsettrim

Thefollowingtrimpotsareusedtocalibratetheanalogoutputcircuitry:

• R4- Gaintrim,analogoutputChannel0

0 R5- Gaintrim,analogoutputChannel1

0 R6- Offsettrim,analogoutputChannel0

0 R7-Offsettrim,analogoutputChannel1
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Analog InputCalibration
Tonullouterrorsourcesthatcompromisethequalityofmeasurements,youshouldcalibratethe
analoginputcircuitrybyadjustingthefollowingpotentialsourcesoferror:

0 Offseterrorattheinputoftheinstrumentationamplifier

• OffseterrorattheinputoftheADC

• Gainerroroftheanaloginputcircuitry

Offsetsattheinputtotheinstrumentationamplifiercontributegain-dependenterrortotheanalog
inputsystem. Thisoffsetismultipliedbythegainoftheinstrumentationamplifier. Tocalibrate
thisoffset,youshouldgroundtheanaloginput,readitattwodifferentgainsettings,andadjusta
trimpotuntilthereadingsmatchatthetwodifferentgainsettings.

OffseterrorattheinputoftheADCisthetotalofthevoltageoffsetscontributedbythecircuitry
fromtheoutputoftheinstrumentationamplifiertotheADCinput(includingtheADC'sown
offsets). Offseterrorsappearasavoltageaddedtotheinputvoltagebeingmeasured. Tocalibrate
thisoffset,youshouldgroundtheanaloginputandadjustatrimpotuntiltheADCreturnsreadings
of0.

AllthestagesuptoandincludingtheinputoftheADCcontributetothegainerroroftheanalog
inputcircuitry. Withtheinstrumentationamplifiersettoagainof1,thegainofanaloginput
circuitryisideally1. Thegainerroristhedeviationofthegainfrom 1andappearsasa
multiplicationoftheinputvoltagebeingmeasured. Tocalibratethisoffset,youshouldapply
nearV+fs totheanaloginputcircuitryandadjustapotentiometeruntiltheADCreturnsreadings
nearthecorrespondingADCcode. WerecommendusingV+fs- 16LSB.

Sample Averaging

At16-bitresolution,calibrationbecomescomplicatedbythepresenceofevensmallamountsof
noise. TheNB-MI0-16Xitselfcontributesabout1to2LSBrmsofnoisetothesignalwhenthe
rangeis-10to+10V. Toresolvetogreaterprecisionthancanbeachievedwithsinglereadings,
youshouldtakeafewhundredsamples(withadataacquisitionsequence)andaveragethe
samples. Averagingthesamplesreducestheamountofnoisepresentineachsamplebyafactorof
approximatelythesquarerootofthenumberofsamplesaveraged. Forexample,if100samples
areaveraged,theamountofnoiseintheaverageisaboutl\10ofthenoiseinasinglesample.

Board Configuration

Calibrationprocedurediffersdependingontheinputrangesandinputconfigurationmodes
selected. Thissectiondescribestwoanaloginputcalibrationprocedures-oneforthebipolarinput
configurations(-10to+10Vand-5to+5V),andonefortheunipolarinputconfigurations(0to
+10VandOto+5V).

ThecalibrationprocedurespresentedhereassumethatyourNB-MI0-16Xboardisconfiguredfor
DIFFinput. Ifnecessary,reconfigureyourboardforDIFFinputbeforeusingthefollowing
calibrationprocedures.
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Ifyouwishtocalibrateyourboardwithanondifferentialinputsetting,theprocedureissimilarto
theproceduresoutlinedinthissectionwiththefollowingexception-theproceduresinthissection
applytheinputcalibrationvoltagesacrossthepositive(+)andnegative(-)inputsfordifferential
channel0. Forsingle-endedinput,applyyourcalibrationvoltagesbetweenthechannelOpositive
(+)inputandthegroundsystemyouareusing. RefertoChapter2,ConfigurationandInstallation,
forinstructionsonusingsingle-endedinputconnections.

Bipolar Input Calibration Procedure

Ifyourboardisconfiguredforbipolarinput(-5to+5Vor-10to+10Vrange),thencompletethe
followingprocedureinsequence. ThisprocedureassumesthatADCreadingsareintherange
-32,768 to +32,767.

1. Adjust the programmable gain amplifier input offset.

Toadjusttheamplifierinputoffset,followthesesteps:

a. ConnectbothACHO(pin3ontheI/0connector)andACH8(pin4)toAIGND(pin1or2).

b. TakeanaloginputreadingsfromChannelOatthefollowinggains:

• Both1and100fortheNB-MI0-16XL

• Both1and8fortheNB-MI0-16XH

c. AdjusttrimpotR3untilthereadingsmatchtowithinoneLSBofeachother.

2. Adjust the ADC input offset.

ToadjusttheADCinputoffset,followthesesteps:

a. ConnectbothACHO(pin3ontheI/0connector)andACH8(pin4)toAIGND(pin1or2).

b. TakeanaloginputreadingsfromChannelOatagainof1,andadjusttrimpotRluntiltheADC
readingsarewithinoneLSBof0.

3. Adjust the analog input gain.

AdjusttheanaloginputgainbyapplyinganinputvoltageacrossACHOandACH8. Thisinput
voltageshouldbeV+fs- 16LSBanddependsontheinputrangeselected:

Input Range Calibration Voltage

-10to+10V +9.995117V
- 5to+5V +4.997559V
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a. ConnectthecalibrationvoltageacrossACHO(pin3ontheI/0connector)andACH8(pin4).
ConnectthegroundpointonthecalibrationvoltagesourcetoAIGND(pin1or2).

b. TakeanaloginputreadingsfromChannelOatagainof1,andadjusttrimpotR2untiltheADC
readingsarewithinoneLSBof32752.

Unipolar Input Calibration Procedure

Ifyourboardisconfiguredforunipolarinput(0to+5VorOto+10Vrange),thencompletethe
followingprocedureinsequence. ThisprocedureassumesthatADCreadingsareintherangeOto
+65,535.

1. Adjust the amplifier input offset.

Toadjusttheamplifierinputoffset,followthesesteps:

a. ConnectbothACHO(pin3ontheI/0connector)andACH8(pin4)toAIGND(pin1or2).

b. Ifyouarecalibratingforaunipolarrange,takeanaloginputreadingsfromChannelOatagain
of1,andadjusttrimpotRluntilareadingofroughlytenLSBsisreturned. Thisstepis
necessarybecauseinunipolarmode,theADCcannotreturnreadingsbelow0.

c. TakeanaloginputreadingsfromChannelOatthefollowinggains:

• Both1and100fortheNB-MI0-16XL

• Both1and8fortheNB-MI0-16XH

d. AdjusttrimpotR3untilthereadingsateachgainsettingmatchtowithinoneLSBofeachother.

2. Adjust the ADC input offset.

AdjusttheADCinputoffsetbyapplyinganinputvoltageacrossACHOandACH8. Thisinput
voltageshouldbeOV+16LSB,anddependsontheinputrangeselected:

Input Range Calibration Voltage

Oto+lOV +0.002441V
0to+5V +0.001221V

a. ConnectthecalibrationvoltageacrossACHO(pin3ontheI/0connector)andACH8(pin4).
ConnectthegroundpointonthecalibrationvoltagesourcetoAISENSE(pin19).

b. TakeanaloginputreadingsfromChannelOatagainof1,andadjusttrimpotRluntiltheADC
readingsarewithinoneLSBof16.
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CalibrationProcedures Chapter5

3. Adjust the analog input gain.

AdjusttheanaloginputgainbyapplyinganinputvoltageacrossACHOandACH8. Thisinput
voltageshouldbeV+fs- 16LSB,anddependsontheinputrangeselected:

InputRange Calibration Voltage

Oto+lOV +9.997559V
Oto+5V +4.998779V

a. Connectthecalibrationvoltage(+9.99634V)acrossACHO(pin3ontheI/0connector)and
ACHS(pin4). ConnectthegroundpointonthecalibrationvoltagesourcetoAISENSE
(pin19).

b. TakeanaloginputreadingsfromChannelOatagainof1,andadjusttrimpotR2untiltheADC
readingsarewithinoneLSBof65,520.

AnalogOutputCalibration
Tonullouterrorsourcesthataffecttheaccuracyoftheoutputvoltagesgenerated,youshould
calibratetheanalogoutputcircuitrybyadjustingthefollowingpotentialsourcesoferror:

" Analogoutputoffseterror

" Analogoutputgainerror

Offseterrorintheanalogoutputcircuitryisthetotalofthevoltageoffsetscontributedbyeach
componentinthecircuitry. Thiserrorappearsasavoltagedifferencebetweenthedesiredvoltage
andtheactualoutputvoltagegenerated,andisindependentoftheD/Asetting. Tocorrectthis
offsetgainerror,settheD/Atonegativefull-scaleandadjustatrimpotuntiltheoutputvoltageis
thenegativefull-scalevalue±0.5LSB.

Gainerrorintheanalogoutputcircuitryistheproductofthegainscontributedbyeachcomponent
inthecircuitry. Thiserrorappearsasavoltagedifferencebetweenthedesiredvoltageandthe
actualoutputvoltagegenerated,whichdependsontheD/Asetting. Thisgainerroriscorrectedby
settingtheD/Atopositivefull-scaleminus1LSBandadjustingatrimpotuntiltheoutputvoltage
correspondstothepositivefull-scalevalueminus1LSB±0.5LSB.

Board Configuration

Thecalibrationproceduresinthissectionassumethattheinternalvoltagereference+10Vis
selectedfortheanalogoutputchanneltobecalibrated.

Ifyouwishtocalibrateyourboardtoanexternalreferenceinput(DConly),youshouldrecalculate
thedesiredoutputvoltagestocalibratetothefollowingvalues:
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• Forbipolaroutput:

1LSB= Vextref
2,048

V_fs=-Vextref

(therefore, 0.5LSB

V+fs=Vextref

• Forunipolaroutput:

1LSB= Vextref (therefore, 0.5LSB
4,096

Y-fs=OV
V+fs=Vextref .

=Yextref)
4,096

= Yextref)
8,192

CalibrationProcedures

Incalibratingtoyourownexternalreference,youshouldwriteyourownproceduresusingthe
followingproceduresasaguide. Substituteyourcalculatedvoltagesforthosegiven.

Ifyouareprogrammingtheboardyourself,thenyoushouldclearthe1MRWGENand
RTSIWGENbitsinCommandRegister1sothattheoutputsoftheDACsareupdatedimmediately
aftertheyarewrittento.

Thecalibrationprocedurediffersifyouselecteitherbipolarorunipolaroutputconfiguration. This
sectionhasaprocedureforeachconfiguration.

Bipolar Output Calibration Procedure

Ifyourboardisconfiguredforbipolaroutput(-10to+10Vrange),thencompletethefollowing
procedureinsequence.

1. Adjust the analog output offset.

AdjusttheanalogoutputoffsetbymeasuringtheoutputvoltagegeneratedwiththeDACssetat
negativefull-scale. ThisoutputvoltageshouldbeV_fs±0.5LSB. Forbipolaroutput,
V_fs=-10V,and0.5LSB=2.44mV.
• ForanalogoutputChannel0:

a. ConnectthevoltmeterbetweenDACOOUT(pin20ontheI/0connector)andAOGND
(pin23).

b. Settheanalogoutputchannelto-10Vbywriting-2,048toDACO.

c. AdjusttrimpotR6untiltheoutputvoltagereadis-10V±2.44mV,thatis,between
-10.00244Vand-9.99756V.
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CalibrationProcedures Chapter5

• ForanalogoutputChannel1:

a. ConnectthevoltmeterbetweenDAClOUT(pin21ontheI/0connector)andAOGND
(pin23).

b. Settheanalogoutputchannelto-10Vbywriting-2,048toDACl.

c. AdjusttrimpotR7untiltheoutputvoltagereadis-lOV±2.44mV,thatis,between
-10.00244Vand-9.99756V.

2. Adjust the analog output gain.

AdjusttheanalogoutputgainbymeasuringtheoutputvoltagegeneratedwiththeDACssetat
positivefull-scale. Thisoutputvoltageshouldbe(V+fs - 1LSB)±0.5LSB. Forbipolaroutput,
V+fs- 1LSB=+9.99512V,and0.5LSB=2.44mV.
• ForanalogoutputChannel0:

a. ConnectthevoltmeterbetweenDACOOUT(pin20ontheI/0connector)andAOGND
(pin23).

b. Settheanalogoutputchannelto+9.99512Vbywriting2,047toDACO.

c. AdjusttrimpotR4untiltheoutputvoltagereadis+9.99512V±2.44mV,thatis,between
9.99268Vand9.99756V.

• ForanalogoutputChannel1:

a. ConnectthevoltmeterbetweenDAClOUT(pin21 ontheI/0connector)andAOGND
(pin23).

b. Settheanalogoutputchannelto+9.99512Vbywriting2,047toDACl.

c. AdjusttrimpotR5untiltheoutputvoltagereadis+9.99512V±2.44mV,thatis,between
9.99268Vand9.99756V.

Unipolar Output Calibration Procedure

Ifyouranalogoutputchannelisconfiguredforunipolaroutput(0to+10Vrange),thencalibrate
yourboardaccordingtothefollowingprocedure.

1. Adjust the analog output offset.

AdjusttheanalogoutputoffsetbymeasuringtheoutputvoltagegeneratedwiththeDACssetat0.
ThisoutputvoltageshouldbeV_fs±0.5LSB. Forunipolaroutput,Y-fs=0V,and
0.5LSB=1.22mV.
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• ForanalogoutputChannel0:

a. ConnectthevoltmeterbetweenDACOOUT(pin20ontheI/0connector)andAOGND
(pin23).

b. SettheanalogoutputchanneltoOVbywritingOtoDACO.

c. AdjusttrimpotR6untiltheoutputvoltagereadisOV±1.22mV.

fl ForanalogoutputChannel1:

a. ConnectthevoltmeterbetweenDAClOUT(pin21 ontheI/0connector)andAOGND
(pin23).

b. SettheanalogoutputchanneltoOVbywritingOtoDACl.

c. AdjusttrimpotR7untiltheoutputvoltagereadisOV±1.22mV.

2. Adjust the analog output gain.

Adjusttheanalogoutputgain,bymeasuringtheoutputvoltagegeneratedwiththeDACssetat
positivefull-scale. Thisoutputvoltageshouldbe(V+fs - 1LSB)±0.5LSB. Forunipolaroutput,
V+fs - 1LSB=+9.99756V,and0.5LSB=1.22mV.
fl ForanalogoutputChannel0:

a. ConnectthevoltmeterbetweenDACOOUT(pin20ontheI/0connector)andAOGND
(pin23).

b. Settheanalogoutputchannelto+9.99756Vbywriting4,095toDACO.

c. AdjusttrimpotR4untiltheoutputvoltagereadis+9.99756V±1.22mV,thatis,between
9.99634Vand9.99878V.

fl ForanalogoutputChannel1:

a. ConnectthevoltmeterbetweenDAClOUT(pin21 ontheI/0connector)andAOGND
(pin23).

b. Settheanalogoutputchannelto+9.99756Vbywriting4,095toDACl.

c. AdjusttrimpotR5untiltheoutputvoltagereadis+9.99756V±1.22mV,thatis,between
9.99634Vand9.99878V.
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Appendix A
Specifications

ThisappendixliststhespecificationsoftheNB-MI0-16X. Thesespecificationsaretypicalat
25°C,unlessotherwisestated. Theoperatingtemperaturerangeis0°Cto70°C.

Analog Input
Numberofinputchannels

Analogresolution

TypeofADC

Relativeaccuracy(nonlinearityand
quantizationerror)

Integralnonlinearity
(seeExplanationofAnalogInput
Specificationslaterinthisappendix)

Differentialnonlinearity

Differentialanaloginputranges

Analoginputrange

Commonmoderange

Instrumentationamplifier
Commonmoderejectionratio

Inputbiascurrent

Inputoffsetcurrent

Inputimpedance

16single-ended,8differential

16-bit,1in65,536

successiveapproximation

±1.5LSBmaximumovertemperature

±1LSBmaximumovertemperature,
±0.5LSB,typical

±1LSBmaximum(nomissingcodesover
temperature),±0.25LSB,typical

±10V,±5V,0to+10V,orOto+5V,jumper-
selectable

±12V

±7Vfor±10VorOto+10Vdifferentialanalog
inputrange

±9.5Vfor±5VorOto+5Vdifferentialanalog
inputrange

75dBminimum,DCthrough100Hz

±25nAmaximum

±15nAmaximum

1GQinparallelwith50pF

Systemnoise 1.5LSBrmsforgains1to10
(figuresarefor20Vrange;multiply 2LSBrmsforgain100
by2for10Vrange,by4for5Vrange) 4LSBrmsforgain500
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Specifications

Gainsavailable

Gainadjustmentrange

Gainaccuracy
(forgain>1,whengainerrorhas
beenadjustedtoOatgain=1)

Instrumentationampinput
offsetvoltageadjustmentrange

NDoffsetvoltageadjustmentrange

Offsetvoltageerror:
(appliesonlywhenusingOMAat
18µsec or42µsec)

1, 2,4, and8forNB-MI0-16XH,
1,10,100,and500forNB-MI0-16XL,
software-selectable

+5.5%, -1.2%offullscale

±0.08%offullscale,adjustableto0

±50mVforgain1,adjustableto0
±25mVforgain2
±15mVforgain4
±10mVforgain8
±5mVforgain10
±2mVforgain100
±1.5mVforgain500

±4.5mV

-2LSB,maximum

Appendi.xA

ThisoffsetvoltageoccurswhensamplingsynchronouslywithOMAoperationsanddoesnotoccur
atanyotherfrequencies.

Datatransfers OMA,programmedI/0,interrupts

Explanation of Analog Input Specifications

TheintegralnonlinearityspecificationisameasureofthefidelityofthetheADC. Becauseofnoise
inthesystem,anADCreadingisreallyasampleofastatisticaldistributionwhoseidealmeanisthe
digitalcode(possiblyfractional)correspondingtothevoltageinputtotheboard. Integral
nonlinearityguaranteesthattherealmeanofthedistributionfromwhichthesamplecomesdoesnot
deviatefromtheidealbymorethanthespecifiedamount. Theidealanalog-input-to-digital-output
transferisastraightlineconnectingtheendpoints,andthusisindependentofthecalibration. Ifthe
NB-MI0-16Xwereperfectlycalibrated,however,integralnonlinearitywouldindicatetheabsolute
accuracyofthesystem.

Differentialnonlinearityisameasureofthedeviationofcodewidthsfromtheirtheoreticalvalueof
1LSB. Thewidthofagivencodeisthesireoftherangeofanalogvaluesthatcanbeinputto
producethatcode,ideally1LSB. Aspecificationof±1LSBdifferentialnonlinearityensuresthat
nocodehasawidthofOLSBs(thatis,nomissingcodes)andthatnocodewidthexceeds2LSBs.

SystemnoiseistheamountofnoisetypicallyseenbytheADCwhenthereisnosignalpresentat
theinputoftheboard. Thenoiseisadditive(withzeromean),isfairlyGaussian,andhastypically
thevariancespecified(inunitsLSB'srms).
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Analog Data Acquisition Rates

Single°Channel Acquisition Rates

ThefollowingarethemaximumdataacquisitionratesforeachversionoftheNB-MI0-16X.

Board MaximumRate

NB-MI0-16X(HIL)-42 24ksamples/sec
NB-MI0-16X(HIL)-18 55ksamples/sec

Multiple-Channel Acquisition Rates

ThefollowingarethemaximumrecommendedscanratesforeachversionoftheNB-MI0-16X:

Board Gain Data Acquisition Rate

0.01% Settling 0.005% Settling l/2 LSB Settling

NB-MI0-16X(H/L)-42 1,2,4,8,10 23.8ksamples/sec 20ksamples/sec 5ksamples/sec
100 20ksamples/sec 20ksamples/sec 2ksamples/sec
500 20ksamples/sec 10ksamples/sec 2ksamples/sec

NB-MI0-16X(HIL)-18 1,2,4,8,10 33.3ksamples/sec 20ksamples/sec 5ksamples/sec
100 20ksamples/sec 20ksamples/sec 2ksamples/sec
500 20ksamples/sec 10ksamples/sec 2ksamples/sec

Recommendedmultiple-channelscanningratesareslowerthansingle-channelacquisitionratesfor
highergains,becauseasgainisincreased,theNB-MI0-16Xcircuitrytakeslongertosettlefrom
onechannelvoltagetothenext. Also,thelargerthevoltagedifferencebetweentwoanaloginput
channels,thelongerittakesfortheNB-MI0-16Xcircuitrytosettletowithinagivenaccuracyof
thenewchannelvoltage. Afull-scaledifferencebetweeninputchannelsistheworst-case
switchingconditionforchannelscanningsettlingtime,withonechannelatthepositiveendofthe
full-scalerangeandtheotherchannelatthenegativeendofthefull-scalerange. Atagainof1,the
full-scalevoltagedifferenceis20V,andthehalffull-scalevoltagedifferenceis10V.

Thelowertheanaloginputsourceimpedance,thebetterthesettlingtimeperformance. The
measurementsintheprecedingtableweremadeusingalownoise,lowimpedancevoltagesource.
Thesettlingtimeswereinresponsetoafull-scalevoltagedifference(20Vforunitygain)between
channels.
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Specifications

AnalogOutput
Numberofoutputchannels

TypeofDAC

Integralnonlinearity

Differentialnonlinearity

Gainadjustmentrange

Offsetvoltageadjustmentrange

Internalvoltagereference
(canbemultipliedby2)

Outputvoltageranges

Currentdrivecapability

Outputsettlingtimeto0.01%

Outputslewrate

Outputnoise

Datatransfers

Outputimpedance

2

12-bit,multiplying,double-buffered

±0.5LSBmaximum,±0.25LSB typical

AppendixA

±1LSBmaximum(monotonicovertemperature),
±0.2LSB typical

±0.44%offullscale

±64mVbipolarmode
±32mVunipolarmode

5V;adjustablefrom4.725to5.060V
20ppm/°Cdrift

0to5VorOto10V,unipolarmode;±5Vor
±10V,bipolarmode,jumper-selectable

±2mA

15µsecfor20Vstep

2.5V/µsec

12mVrms,DCto20MHz

programmedI/0,interrupts

0.1Qmaximum

Explanation of Analog Output Specifications

Integral,wnlinearityinaD/Asystemistheworst-casedeviationfromtheidealdigital-input-to-
analog-outputtransfer(astraightline),exceptingnoise. IfaD/Asystemhasbeencalibrated
perfectly,thentherelativeaccuracyspecificationreflectsitsworst-caseabsoluteerror.

DifferentialnonlinearityinaD/Asystemisameasureofdeviationofcodewidthfrom1LSB. In
thiscase,codewidthisthedifferencebetweentheanalogvaluesproducedbyconsecutivedigital
codes. Aspecificationof±1LSBdifferentialnonlinearityensuresthatthecodewidthisalways
greaterthanOLSBs(guaranteeingmonotonicity)andisalwayslessthan2LSBs.

Digital 1/0
Compatibility

Outputcurrentsourcecapability

Outputcurrentsinkcapability

NB-MI0-16XUserManual

'TIL-compatible

Cansource2.6mAandmaintainVOHat2.4V

Cansink24mAandmaintainVoLat0.5V
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Timing 1/0
Numberofchannels

Resolution

Baseclockavailable

Baseclockaccuracy

Compatibility

Counterinputfrequency

Specifications

4: 3counter/timersand1frequencyoutput

16-bitfor3counter/timers,
4-bitforfrequencyoutputchannel

1MHz, 100kHz, 10kHz, 1kHz, 100Hz

±0.01%

TIL-compatibleinputsandoutputs. Counter
gateandsourceinputsarepulledupwith
onboard4.7Knresistors

6.9MHzmaximum(145nsecperiod)witha
minimumpulsewidthof70nsec

Power Requirement (fromMacintoshNuBus)
Powerconsumption

Physical
Boarddimensions

I/0connector

OperatingEnvironment
Componenttemperature

Relativehumidity

Storage Environment
Temperature

Relativehumidity

©NationalInstrumentsCorporation

1.4Aat+5VDC
30mAat+12VDC
36mAat-12VDC

12.8by4in.

50-pinmaleribboncableconnector

0°to70°C

5%to90%noncondensing

-55°to150°C

5%to90%noncondensing

A-5 NB-MI0-16XUserManual



Appendix B
1/0 Connector

FigureB-1containsthepinoutandsignalnamesfortheNB-MI0-16X50-pinI/0connector.

AIGND 1 2 AIGND

ACHO 3 4 ACH8

ACHl 5 6 ACH9

ACH2 7 8 ACHlO

ACH3 9 10 ACHll

ACH4 11 12 ACH12

ACH5 13 14 ACH13

ACH6 15 16 ACH14

ACH7 17 18 ACH15

AISENSE 19 20 DACOOUT

DAClOUT 21 22 EX1REF

AOGND 23 24 DIGGND

ADIOO 25 26 BDIOO

ADIOl 27 28 BDI01

ADI02 29 30 BDI02

ADI03 31 32 BDI03

DIGGND 33 34 +5V

+5V 35 36 SCANCLK

EXTS1ROBE* 37 38 STARTIRIG*

STOPTRIG 39 40 EXTCONV*

SOURCE! 41 42 GA1El

OUT! 43 44 SOURCE2

GA1E2 45 46 OUT2

SOURCES 47 48 GA1E5

OUTS 49 50 FOUT

FigureB-1. NB-MI0-16XI/0Connector

DetailedsignalspecificationsareincludedinChapter2,ConfigurationandInstallation.

©NationalInstrumentsCorporation B-1 NB-MI0-16XUserManual





Appendix C
AMD Data Sheet*

ThisappendixcontainsthemanufacturerdatasheetfortheAm9513AfAm'Zi,073ASystem
Controller(AdvancedMicroDevices,Inc.)integratedcircuit. Thiscircuitisusedonthe
NB-MI0-16X.

*Copyright©AdvancedMicroDevices,Inc.1985. Reprintedwithpermissionofcopyrightowner.
Allrightsreserved.
AdvancedMicroDevices,Inc.1985DataBookMOSMicroprocessorsandPeripherals.
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Am9513A/AmZ8073A
System Timing Controller

DISTINCTIVE CHARACTERISTICS

• Five independent 16-bit counters • Complex duty cycle outputs
• High speed counting rates • One-shot or continuous outputs
• Up/down and binary/BCD counting • Programmable counVgate source selection
• Internal oscillator frequency source • Programmable input and output polarities
• Tapped frequency scaler • Programmable gating functions
e Programmable frequency output • Retriggering capability
• 8-bit or 16-blt bus interlace • +5 volt power supply
• Time-of-day option • Standard 40-pin package
• Alarm comparators on counters 1 and 2

GENERAL DESCRIPTION

The Am9513ASystemTiming Controller is an LSI circuit
designed to service many types of counting, sequencing
and timing applications. Itprovides the capability for pro-
grammable frequency synthesis, high resolution program-
mable duty cycle waveforms, retriggerable digital one-.
shots, time-of-dayclocking, coincidence alarms, complex
pulse generation, high resolution baud rate generation,
frequency shift keying, stop-watching timing, event count
accumulation,waveformanalysis,etc.Avarietyofprogram-
mable operating modes and control features allow the
Am9513Atobepersonalizedforparticularapplicationsas
well as dynamically reconfigured under program control.

TheSTCincludes five general-purpose 16-bitcounters. A
varietyofinternalfrequencysourcesandexternalpinsmay

be selectedasinputs forindividualcounterswithsoftware
selectable active-high or active-low input polarity. Both
hardwareandsoftwaregatingofeachcounterIsavailable.
Three-state outputs for each counter provide pulses or
levels andcanbe active-high oractive-low. Thecounters
canbeprogrammedtocountupordownineitherbinaryor
BCD.Thehostprocessormayreadanaccumulatedcount
atanytimewithoutdisturbingthecountingprocess.Arrtof
the countersmaybe internallyconcatenated to form any
effective counter length up to BO bits.

TheAmZB073A• isfunctionallyequivalenttotheAm9513A
with timingenhancementswhichallow ittobefullyspeed
compatiblewiththeAmZ8001 andAmZB002microproces-
sors.
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CONNECTIQN DIAGRAM
Top View

(+SV)VCC Ol1T3

Ol1T2 GATE2

Ol1T1 Ol1T'
GATE1 OUTS

Xt GATE3
X2 GATE4

FOUT

CID
'im
cs
lie
OBO
061

062
083

064
DBS

OB&

067

GATES

SOURCE1

SOURCE2

S0URCE3
S0URCE4

SOURCES

0915
0914

GATE1A/OBS

0913
0612/GATESA
0611/GATE4A

0610/GATE3A
OB9/GATE2A

VSS(GNO)

CD005210

Note: Pin 1 is marked for orientation

ORDERING INFORMATION
AMOproductsareavailableinseveralpackagesandoperatingranges.Theordernumberisformedbyacombinationofthefollowing:
Device number, speed option ('If applicable), package type, operating range and screening option ('If desired).

Am9513A/

~T~Tr
Package_J

D• C<ITTf,p 24-pin
p• Plastie
L• LeadlessChip
earner

J• Plastie Leaded
ChipCarrier

B

Screening Op~on
B•BumIn
Blank• Std. Processing

Temperature
C• Commercial o•c to 70°C
I• Industrial -40°Ctoes•c

2-363

Valid Combinations
ex;, DCB, DI,

Am9513A/ DIB, PC, PCB,

AmZ8073A Pl, PIB, LC,
LCB. LI, LIB,
/BOA

Valid Combinations
·Consult the local AMO sales office to con-
firm availability of specific valid combinations,
check for newly released valid combinations
and/or obtain additional data on AMO's stan-
dard military grade product

017310
Rlrlet' to page 7·1 for E$SOOtial lnfomU'ltx:in on Miitary OeYlces
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Pin No. Name
1 Vee

21 Vss

5, 6 X1. X2

7 FOUT

4, 39, GATE1 -GATES
36-34

33-29 SRC1 -SACS

3, 2, 40, OUT1 -OUTS
36, 37

12-19, 20, DBO-DB7,
22-28 DB8-DB15

:.:-.,":'.-

10 cS

.';!'.

11 ffl5-.
9 ~ 

·.::,,

e C/15

.
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PIN DESCRIPTION

Description
+5V Power Supply.
Ground.

(CrystaQ. X1 andX2are the connactions foran external crystalused to determineIha frequencyofthe
internalOSCtllator.Thecrystalshouldbeaparallel-resonant.fundamental-modetype.AnRCorLCorother
reactivenetwori<maybeusedinsleadofacrystal.Fordrivingfromanexternalfrequencysource,X1 should
be left open and X2 should be connected to a TTL source and a pull-up rasistor.

(FrequencyOut).TheFOUToutputisderivedfrom a4-bltcounterthatmaybeprogrammed todMdeIts
inpUIbyanyIntegervaluefrom1through16ineluslve.TheinpUItothecounterisselectedfromanyof15
sources,inciucfmgIhainternalsealedoscillatorfrequencies.FOUTmaybegatedonandoHundersoftware
controlandwhenoHwinexhibitalowimpedancetoground.ControloverIhavariousFOUToptionsresides
intheMasterModeregister.Afterpower-up,FOUTprovidesafrequencythatis1/16lhatofIhaOSCt11ator.
The input source on power-up is Fl.

(Gate).TheGaleinpu1smaybeusedtocontroltheoperationsofindMdualcounternbydetarmlningwhen
countingmayproceed.The sameGate Inputmay controlup to three counters. Gatepinsmayalsobe
selected as count sources for anyof Iha counters and for IhaFOUT cfrvider. The activepolarity for a
selectedGateinputisprogrammedateachcounter.Gatingfunctionoptionsallowlevel-sensitivegatingor
edge-initiatedgating.Othergatingmodesareaveilableineludingone thatallowsIhaGateinpUItoselect
betweentwocounteroutputfrequencies.Angatingfunctionsmayalsobedisabled.TheactiveGateinputIs
conditionedbyanauxiflaryInputwhen Ihaunit isoperatingwithanexternal8-bltdatabus.SeeDataBus
destription. Schmitt-trigger circuitry on IhaGATE inpu1s allows slow 1ransttion times to be used.

(Source).The Source inputs provide external signals thatmay becounted by anyof Ihacounters. Any
Source r.nemayberouted to anyorallofIhacounters and IhaFOUTdivider.Theactivepolarity fora
selectedSRCinput isprogrammedateachcounter.Anydillycyclewaveformwillbeeceeptedaslongas
theminimumpulsewidth is atleasthalltheperiodofIhamaximumspecifiedcountingfrequency forIha.
part. Schmitt-trigger circuitry on Iha SRC Inputs allows slow transition times to be used.
(Counter). Each 3-state OUT signal is directly associated with a corresponcfmg incflVldual counter.
Dependingonthecounterconf,guration,IhaOUTsignalmaybeapulse,asquarewave,oracomplexdilly
cycle waveform. OUT pulse polarities are Individually prograrnmable. The output circuitry datects Iha
counterstatethatwouldhavebeenellbitszeroinIhaabsenceofarelnffiaflzation.ThalInformationIsused
to generate Ihaselected waveform type. Anoptional outputmode forCount=1and 2overrides Iha
normaloutputmodeandprovidesatrueOUTsignalwhen Ihacountercontentsmatchthecontentsofan
Alarm register.

(DataBus).The16bidirectionalDataBuslinesareusedforInformationexchangeswiththehostprocessor.
HIGHonaDataBusfinecorrespondstooneandLOWcorrespondstozero.TheseHnesactesinputswhen
~ and ~ areactiveandasoutputswhenffl5 and ~ areactive.When ~ is Inactive,lhasepinsare
placed In a highampedance state.

Afterpower-uporreset.thedatabuswillbeconfigured for84lttwidthandwlliuseonlyDBO throughD87.
DBOisIhaleastsignificantandDB7isthemostSignificantbitposition.Thedatabusmaybereconfigured
for16-bilwidthbychangingacontrolbttIn theMasterModeregister.ThisisaccomplishedbywritinganI!-
bit command into Iha low-<>rder DB lines while holding the DB13•DB15 Hnes at a logic high level.
Thereafter,an16Hnescant,i,used,withDBOasIhaleastsignificantandDB15asIhamostsignificantbit
position.

WhenoperatinginIha84lttdatabusenvironment.DBS.DB15willneverbedrivenactivebytheAm9513A.
DBS through DB12mayoptionallybe usedas additionalGate inputs (see Figure 1-3). Ifunused, they
shouldbeheldHIGH.WhenpulledLOW, aGATENA signalwilldisableIhaactionof thecorr~ng
counter N gating. DB13•DB15 should be held HIGH in 6-bit busmode whenever ~ and are
simultaneously active.

(ChipSelect).Theactive-lowChipSelectlnpUIenablesReadandWriteoperationsonthedatabus.When
ChipSelectisHIGH,IhaReadandWrite inputsareigno<ed.ThefirstChipSelectSignalafterpower-upIs
usedtoclearIhapower-onresatcircuitry. IfChipSelectistiedtogroundpermanently,Ihapower-onreset
ciraitrymaynotfunction. Insuchaconfiguration, thesoftwareresetcommandmustbeIssued following
power-up to reset IhaAm9513A.

(Read).Theactive-lowReadsignalisconditionedbyChipSelectandIndicatesthatinternallnformatlOnis
tobe1ranslooedtoIhadatabus.Thesourcewi11 bedeterminedbyIha~beingaddressedand,forData
Port reads, by the contents of IhaData Pointer register. ~ and should bemutually exclusive.

(Write).Theactive-lowWritesignalisconditionedbyChipSelectandincficatesthatdatabusInformationis
tobetransfooed toan internal location.The destinationwillbedeterminedbyIha~beingaddressed
and, forDataPortwrites, by Ihacon1ents of IhaDataPointerregister.W1l' and should bemutually
exclusive.

(Control/Data). The Control/Data signal selects source and destination locations for Read andWrite
operationson the databus.ControlWrite operations load theCommand registerand IhaDataPointer.
ControlReadoperationsoutputtheStatusregister.DataReadandDataWrite1ranslerscommunicatewith
allotherinternalregistern. lncf~ectaddressingatIhadataportiscontrolledinternallybytheDataPointer
register.
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Signal Abbreviation Type Pins

+5 Volts vcc Power 1

Ground vss Power 1

Crystal X1, X2 0, I 2

Read RD Input 1

Write WR Input 1

Chip Select cs· Input 1

Control/Data CID Input 1

Source N SRC Input 5

Gate N GATE Input 5

Data Bus DB 1/0 16

Frequency Out FOUT Output 1

Out N OUT Output 5

Figure 1-2. Interface Signal Summary
Figure 1~2 summartz:8:s the interface signals and
their abbreviations for the STC.

Package
Data BusWidth (MM14)

Pin 16 Bits 8 Bits

12 080 080

13 DB1 081

14 082 DB2

15 DB3 DB3

16 DB4 DB4

17 DB5 DBS

18 DB6 DB6

19 DB7 DB7

20 DBS GATE 1A

22 DB9 GATE 2A

23 DB10 GATE 3A

24 DB11 GATE 4A

25 DB12 GATE SA

26 DB13 (VIH)

27 DB14 (VIH)

28 DB15 (VIH)

Figure 1-3. Data Bus Assignments

Interface Considerations

All of the input and output signals for the Am9513A are
specifiedwith logic levels compatiblewith those ofstandard
TILcircuits. In addition toprovidingTILcompatiblevoltage
levels,otheroutputconditionsarespecifiedtohelpconfigure
non-standardinterlacecircuitry.The logiclevelspecifications
take into account all worst~secombinations of the three
variables thataffect the logic level thresholds: ambient tem-
perature, supply voltage and processing parameters. A
changeinanyofthesetowardnominalvalueswillimprovethe
actual operating margins and will increase noise immunity.

UnprotectedopengateinputsofhighquafityMOStransistors
exhibit very high resistances on the order of perhaps 1o14
ohms.Itiseasy, therefore,insomecircumstances,forcharge
toenterthegate nodeofsuchan inputfasterthanitcanbe
dischargedandconsequently,forthegatevoltagetorisehigh
enough tobreakdowntheoxidesanddestroythe transistor.
AllinputstotheAm9513Aincludeprotectionnetworkstohelp

©NationalInstrumentsCorporation
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preventdamagingaccumulationsofstaticcharge.Theprotec-
tion circuitry is designed to slow the transitions of incoming
currentsurgesandtoprovidelow-impedancedischargepaths
forvoltagesbeyondthenormaloperatinglevels.Note,howev-
er, thatinputenergylevelscannonethelessbetoohightobe
successfully absorbed. Conventional design, storage, and
handlingprecautionsshouldbeobservedsothattheprotec-
tion networks themselves are not overstressed.

Within the limits of normal operation, the input protection
circuitry is inactiveandmaybemodeledas a lumpedseries
RC·as shown in Figure 1-4(a). The functionally active input
connection during normal operation is the gate of a MOS
transistor. No active sources ordrains are connected to the
inputs so that neithertransientnorsteady-statecurrentsare
impressed on the driving signals other than the charging or
discharging of the input capacitance and the accumulated
leakageassociatedwiththeprotectionnetworkand the input
circuit

11)

b)

Xt

X2

AF002520

Figure 1-4. InputCircuitry

Theonlyexception to thepurelycapacitive inputcase isthe
X2crystalinputAsshowninFigure1-4(b)aninternalresistor
connectsX1 andX2inadditiontotheprotectionnetwork.The
resistor Is a modestly high value ofmore than 1OOkohms.

Fanoutfrom thedrivingcircuitryinto theAm9513Ainputswill
generally be fimited by transition time considerations rather
thanDCcurrentfimitationswhentheloadingisdominatedby
conventional MOS circuits. In an operating environment, all
inputsshouldbeterminatedsotheydonotfloatandtherefore
willnotaccumulatestraystaticcharges.Unusedinputsshould
betieddirectlytoGroundorVCC, asappropriate.Aninputin
use will have some type of logic output driving it, and
termination during operation will not be a problem. Where
inputsaredrivenfromlogicexternaltothecardcontainingthis
chip, however, on-board termination should beprovided to
protectthechipwhentheboardisunplugged(theinputwould
otherwisefloat).Apull-upresistororasimpleinverterorgate
will suffice.
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DETAILED DESCRIPTION

The Am9513A SystemTiming Controller (STC) is a support
device for processor oriented systems that is designed to
enhance theavailablecapabilitywithrespecttocountingand
timingoperations. Itprovidesthe capabilityforprogrammable
frequencysynthesis,highresolutionprogrammabledutycycle
waveforms, retriggerable digital timing functions, time-of-day
clocking,coincidencealarms,complexpulsegeneration,high
resolutionbaud rategeneration, frequencyshiftkeying, stop-
watchingtiming,eventcountaccumulation,waveformanalysis
andmanymore.Avarietyofprogrammableoperatingmodes
andcontrolfeaturesallowtheAm9513Atobepersonalizedfor
particular applications as well as dynamically reconfigured
under program control.

The STC includes five general-purpose 16-bit counters. A
varietyofinternalfrequencysourcesandexternalpinsmaybe
selectedasinputsforindividualcounterswithsoftwareselect-
able active-high or active-low input polarity. Both hardware
and softwaregatingofeachcounter is available.Three-state
outputs foreachcounterprovideeitherpulsesor levels. The
counters can be programmed to countupordown in either
binaryorBCD. Theaccumulated countmaybe readwithout
disturbing the counting process. Anyofthecountersmaybe
internallyconcatenatedtoformaneffectivecounterlengthof
up to 80 bits.

The Am9513Ablock diagrams indicate the interface signals
andthebasicflowofinformation.Internalcontrollinesandthe
internal data bus have been omitted. The control and data
registers are all connected toa common internal 16-bilbus.
Theexternalbusmaybe8- or16-bitswide; inthe8-bitmode,
the internal 16-bitinformationismultiplexedtothe loworder
data bus pins DBO through DB7.

Aninternaloscillatorprovidesaconvenientsourceoffrequen-
cies for use as counter inputs. Theoscillator's frequency is
controlled at the X1 and X2 interface pins by an external
reactive network such as a crystal. The oscillator output is
divided by the Frequency Scaler to provide several sub-
frequencies.Oneofthescaledfrequencies(oroneofteninput
signals)maybeselectedasan inputtotheFOUTdividerand
then comes out of the chip at the FOUT interface pin.

The STC is addressed by the external system as two
locations: a Control port and a Data port. The Control port

SAC

CATE

FRtO

TCN-1

COUNTER
COHTRO<.
LOG>C

1&-8tlt.OAOREGrSTER

1&-BtlCOUHTcR

1&-81THOLDREGISTER

t&,.8TT COM.PARA.TOR

LS001220

Figure 1-5. Counter Logic Groups 1and 2
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providesdirectaccessto theStatusandCommandregisters,
as well as allowing the user to update the Data Pointer
register.TheDataportisused tocommunicatewithall other
addressable internal locations. The Data Pointer register
controls the Data port addressing.

AmongtheregistersaccessiblethroughtheDataportare the
MasterModeregisterandf1VeCounterModeregisters,onefor
eachcounter.TheMasterModeregistercontrolstheprogram-
mable options that are notcontrolled by the CounterMode
registers.

Eachofthe fivegeneral-purposecountersis16-bitslonGand
is independently controlled by its Counter Mode register.
Through this register, a user can software select oneof 16
sourcesasthecounterinput,avarietyofgatingandrepetition
modes,upordowncountinginbinaryorBCDandactive-high
or active-low input and output polarities.

AssociatedwitheachcounterareaLoadregisterandaHold
register, both accessible through the Data port. The Load
register is used to automatically reload the counter to any
predefinedvalue, thus controlling the effective count period.
The Hold register is used to save count values without
disturbingthecountprocess,permittingthehostprocessorto
readintermediatecounts.Inaddition,theHoldregistermaybe
used as a second Load register to generate a number of
complex output waveforms.

Allf1Ve countershavethesamebasiccontrollogicandcontrol
registers. Counters 1 and 2 have additional Alarm registers
and comparators associated with them, plus the.extra logic
necessary for operating in a 24-hour time-of-day mode. For
real-time operation, the time-of-day logic will accept 50Hz,
60Hz or 1OOHz input frequencies.

Eachgeneralcounterhasasinglededicatedoutputpin.Itmay
be turned offwhen the output is notof interest ormay be
configured in avariety·ofways to drive interrupt controllers,
Darlingtonbuffers,busdrivers,etc.Thecounterinputs,on the
other hand, are specifically not dedicated to any given
interfaceline.Considerableversatilityisavailableforconfigur-
ingboththe input and the gatingofindividual counters.This
notonlypermits dynamic reassignmentofinputsundersoft-
warecontrol,butalsoallowsmultiplecounterstouseasingle
inputandasinglegatepintocontrolmorethanonecounter.
Indeed, a singlepin can be thegate foronecounterand, at
the same time, the count source for another.

SAC

CATE

rREO

TCH-1

IHP<IT
SELECT
LOGIC

1&,.Bn'LOADRE.C$TER

COUNTER
COHTROL
LOC,C

16-BflHOLDREGrSTER

LS001230

Figure 1-6. Counter Logic Groups 3, 4 and 5
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Apowerfulcommandstructuresimplifiesuserinteractionwith
the counters. Acountermust be armed by one of the ARIQI
commandsbeforecountingcancommence.Oncearmed, the
countingprocessmaybefurtherenabledordisabledusingthe
hardwaregatingfacilities. TheARMandDISARMcommands
permitsoftwaregatingof the countprocess in somemodes.

TheLOADcommandcausesthecounterto bereloadedwith
the value in either the associated Load register or the
associatedHold register. Itwill oftenbeused as asoftware
retrigger or as counter initialization prior to active hardware
gating.

TheDISARMcommanddisablesfurthercountingindependent
ofanyhardwaregating.Adisarmedcountermaybereloaded
using the LOAD command, may be incremented ordecrem-
ented using theSTEPcommandandmaybe read using the
SAVEcommand.Acountprocessmaybe resumedusing an
ARM command.

TheSAVEcommandtransfersthecontentsofacountertoits
associated Hold register. This command will overwrite any
previous Hold register contents. The SAVE command is
designed to allowan accumulatedcount to be preserved so
that it can be read by the host CPU at some later time.

Two combinations of the basic commands exist to either
LOADANDARMor toDISARMANDSAVEanycombination
of counters. Additional commands are provided to: step an
individual counter by one count; set and clear an output
toggle; issueasoftwarereset;clearandsetspecialbitsinthe
Master Mode register; and load the Data Pointer register.

Note:Separate LOAD and ARM commands should be used
for asynchronous operations.

Power Supply

The Am9513A requires only a single 5V power supply.
Maximum supply currents are specified in the electrical
specificationet thehighendofthevoltagetoleranceendthe
low end of the temperature range. In addition, the current
specifications take intoaccounttheworstcasedistributionof
processingparameters thatmay be encountered during the
manufacturing life of the product. Typical supply current
values, on the other hand, are specified at a nominal+5.0
volts, a nominal ambient temperature of 25'C, and nominal
processingparameters.Supplycurrentalwaysdecreaseswith
increasing ambient temperature: thermal run-away is not a
problem.

Supply current will vary somewhat from part to part, but a
givenunitatagivenoperatingtemperaturewillexhibitanearly
constantpowerdrain.Thereisno functionaloperatingregion
thatwill causemorethanafewpercentchangein thesupply
current. Decoupling ofVCC, then, is straightforward andwitl
generallybe used to isolate the Am9513A from VCC noise
originating externally

CONTROL PORT REGISTERS

TheSTC is addressed by the external system as only two
locations: aControl port and aData port. Transfers at the
Control port (C/15=HIGH) allowdirectaccess to the Com-
mand register when writing and the Status register when
reading.Allotheravailableinternallocationsareaccessedfor
bothreadingandwritingviatheDataport(C/D=LOW).Data

©NationalInstrumentsCorporation
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port transfersareexecuted to and from the locationcurrently
addressed by the Data Pointer register. Options available in
the Master Mode register and the Data Pointer control
structure allow several types of transfer sequencing to be
used. See Figure 1-7.

Transferstoand from theControlportarealways8-bitswide.
EachaccesstotheControlportwilltransferdatabetweenthe
Commandregister(writes)orStatusregister(reads)andData
BuspinsDBO-DB7, regardlessofwhethertheAm9513Ais in
8- or16-bitbusmode.When theAm9513Aisin8-busmode,
Dat,i. Bus pins DB13-DB15 should be held at a logic high
whenever CS and WR are both active.

Command Register

The Command register provides direct control over each of
the five general counters and controls access through the
Data port by allowing the user to update the Data Pointer
register. The "Command Description" section of this data
sheet explains the detailed operation of each command. A
summaryofallcommandsappears inFigure1-20.Sixofthe
command types are used for direct software control of the
countingprocess.Eachofthese sixcommandscontainsa5-
bit S field. In a linear-select fashion, each bit in the S field
correspondstooneofthefivegeneralcounters(S1 =Counter
1,S2=Counter2, etc.).WhenanSbitisaone, thespecified
operationisperformedonthecountersodesignated;whenan
S bit is a zero, no operation occurs for the corresponding

-· counter.

Data Pointer Register

The 6-bit Data Pointer register is loaded by issuing the
appropriate command through the Control port to the Com-
mand register. As shown in Figure 1-7, the contents of the
Data Pointer register are used to control the Data port
multiplexer,selectingwhich internalregister istobeaccessi-
ble through the Data port.

The Data Pointer consists of a 3-bit Group Pointer, a 2-bit
ElementPointeranda1-bit8y1ePointer,depictedinFigure1-
8.TheBy1ePointerbitindicateswhichby1eofa16-bitregister
istobetransferredon thenextaccessthroughtheDataport.
WhenevertheDataPointer is loaded, the By1e Pointer bit is
settoone, indicatingaleast-significantby1e isexpected.The
By1ePointertogglesfollowingeach8-bitdatatransferwithan
8-bit databus (MM13=0), or italways remains setwith ttie
16-bitdatabus option (MM13=1). The ElementandGroup
pointers are used to select which internal register is to be
accessiblethroughtheDataport.Althoughthecontentsofthe
ElementandGroupPointerintheDataPointerregistercannot
bereadbythehostprocessor,theBy1ePointerisavailableas
a bit in the Status register.

2-367

Randomaccesstoanyavailableinternaldatalocationcanbe
accornpfished by simply loading the Data Pointer using the
commandshowninFigure1-9andtheninitiatingadataread
or data write. This procedure can be used at any time,
regardless of the setting of the Data Pointer Control bit
(MM14).Whenthe8-bitdatabusconfiguration isbeingused
(MM13=0), twoby1esofdatawouldnormallybe transferred
following the issuing ofthe "LoadData Pointer'' command.

To permit the hostprocessor to rapidly access the various
internalregisters,automaticsequencingoftheDataPointeris
provided.
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Command C7 C6
Register

000
DataPointer
RegiS1er

ElementPointer

Figure 1-7. Am9513A Register Access

cs C4 C3 C2

E2 E1 G4

C1 co

G2 G1

SRO

1= LeastSignificantByteTransferredNex1
o=MostSignificantByteTransferredNex1

'---------GroupPo!nl&r

00=ModeRegister } 000= lffegal
01 = LoadRegister ElementCycleIncrement L----- IOOl=CounterGroup1
10=HoldRegister r 010=CounterGroup2
11 =HoldRegister(HoldCycleIncrement) '----------<011=CounterGroup3

100=CounterGroup4

OO=AlarmRegister1 } ) 101 =CounterGroupS
01 = AlarmRegister2 ContrOICycleIncrement . 110= Illegal
10=MasterModeReg. >---------------111=ContrOIGroup
11 =StatusRegister(NoIncrement)

Figure 1-8. Data Pointer Register
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Element Cycle

Mode Load Hold
Register Register Register

Courrter 1 FF01 FF09
Counter 2 FF02 FFOA
Counter 3 FF03 FFOB
Counter 4 FF04 FFOC
Counter 5 FF05 FFOO

Master Mode Register•FF17
Alarm 1 Register• FF07
Alarm 2 Register• FFOF
Status Register•FF1F

Notes:
1. All· codes are in hex.

FF11
FF12
FF13
FF14
FF15

HoldCycle

Hold
Register

FF19
FF1A
FF1B
FF1C
FF10

2.When usedwith an 8-bit bus, only the two low order hex
digtts should bewritten lo the command port; the 'FF' prefix
should be used only for a 18-bildata bus interlace.

Figure 1·9. Load Data PointerCommands

. SequencingIsenabledbyclearingMasterModebit14(MM14)
tozero.AsshowninFigure1-10severaltypesofsequencing
areavailabledependingonthedatabuswidthbeingusedand
the initial DataPointer value entered by command.

When E1 • 0 orE2- 0 andG4,G2,G1 points toaCounter
Group, the Data Pointer will proceed through the Element
cycle.TheElementfieldwill automaticallysequence through
thethreevalues00,01 and10startingwiththevalueentered.
Whenthetransitionfrom10to00occurs,theGroupfieldwill
alsobeincrementedbyone.NotethattheElementfieldinthis
case does not sequence to a value of 11. The Group field
circulates onlywithin the five Counter Group codes.

IfE2,E1 • 11andaCounterGroupareselected,thenonlythe
Groupfieldissequenced.ThisIs theHoldcycle. Itallowsthe
Hold registers to be sequentially accessed while bypassing
theModeandLoadregisters.ThethirdtypeofsequencingIs
theControl cycle. IfG4,G2,G1 • 111 andE2,E1*11,the
ElementPointerwillbeIncrementedthroughthevalues00,01
and 10,with no change to theGroup Pointer.

When G4, G2. G1 • 111 and E2, E1 • 11, no incrementing
takes place and only the Status register will be available
throughtheDataport. NotethattheStatusregistercanalso
always be read directly through the Control port.

Forall theseauto-sequencingmodes, iian 8-btldatabus is
used, theBytepointerwill toggleaftereverydatatransferto
allow the least and most significant bytes tobe transferred
before the Element orGroup fields are Incremented.

Prefetch Circuit

To minimize the read access time to Internal Am9513A
registers. a prefetch circuit is used for all read operations
throughtheDataport.Followingeachreadorwriteoperation
throughtheDataport, theDataPointerregisterisupdatedto
point to the next register to be accessed. lmmeaiately
followingthisupdate,thenewregisterdataistransferredtoa
specialpreletchlatchattheinterfacepadlogic.Whentheuser
performs a subsequent read of theDataport, thedatabus
driversareenabled,outputtingtheprefetcheddataonthebus.
Sincetheinternaldataregisterisaccessedpriortothestartof
thereadoperation,Itsaccesstimeis transparenttotheuser.
TokeeptheprefetcheddataconsistentwiththeDataPointer,
prefetches are also performed aftereach write to theData
port and after execution of the "LoadData Pointer" com-
mand.The following rules shouldbe kept Inmind regarding
Data portTransfers.

©NationalInstrumentsCorporation
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Counter5HoldReg.

I
HOLDCYCLE

f
AlarmReg. 1

f
AlarmReg.2

f
MaS1erModeReg.

I
CONTROLGROUPCYCLE
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f
Counter1ModeReg.

J
Counter1LoadReg.

J
Counter1HoldReg.

'Counter2ModeReg.

f
Counter2LoadReg.

'Counter2HoldReg.

f
..
•
G

•
f

.--

Counter5HoldReg.

'---..J'.
ELEMENTCYCLE

STATUSCYCLE
LS001240

Figure 1·10. Data Pointer Sequencing

1.TheDataPointerregistershouldalwaysbereloadedbefore
readingfromtheDataportifacomrriand,otherthan"Load
DataPointer," was issued to theAm9513A following the
lastDataportreadorwrite.TheDataPointerdoesnothave
tobe loadedagainifthefirstDataporttransactionaftera
command entry is a write, since the Data port. write will
automatically cause a new prefetch tooccur.

2.OperatingmodesN,0,a,RandXallowtheusertosave
the counter contents In the Hold register by applying an
active-going gate edge. If the Data Pointer register had
been pointing to the Hold register in question, the pre-
fetchedvaluewillnotcorrespondtothenewvaluesavedin
theHoldRegister. Toavoid reading an incorrectvalue, a
new "Load Data Poirrtar'' command should be Issued
beforeattemptingtoread!hesaveddataADatapor1write
(toanotherregister)willatsolnltietaaprefetch;subsequent
reads w!II access the recemly saved Hold register data
Manysystemswillusethe"saving"gateedgetointerrupt
thehostCPU.Insystemssuchas1h!s,theinterruptservice
routineshouldIssuea"LoadDataPointer"commandprior
to reading the saveddata

Status Register

The8-bit read-only Status register indicates thestateof the
By1ePointerbitIntheDataPointerregisterandthestateofthe
OUTsignalforeachofthegeneralcounters.SeeFigures1-11
and1-18.TheOUTsignalsrepor1edarethoseintemaltothe
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chipafterthe polarity-select logicandjustbefore the3-state
interface buffer circuitry. BitsSR6 and SR7 maybe o or 1.

TheStatusregisterOUTbitreflectsan active-highoractive-
lowTCoutput,oraTCToggledoutput.asprogrammedinthe
OutputControlField oftheCounterModeregister.Thatis, ii
reflects the exact state of the OUT pin. When the low-
impedance to Ground Output option (CM2-CMO=000) is
selected, the Status register will reflect an active-high TC
Output. When a high-impedance Output option (CM2-
CMO= 100) is selected, the Status register will reflect an
active-low TC output.

ForCounters1and2, theOUTpinwillreflectthecomparator
outputifthecomparatorsareenabled.TheStatusregisterbit
and OUT pin are active-high if CM2e Oand active-low if
CM2=1.When the high-impedance option is selected and
thecomparatorisenabled,thestatusregisterbitwillreflectan
active-high comparator outputWhen the low-impedance to
Groundoptionisselectedandthecomparatorisenabled,the
statusregisterbit.willreflectanactive-lowcomparatoroutput.

The Status register is normally accessed by reading the
Controlport(seeFigure1-7)butmayalsobereadviatheData
port as part of the Control Group.

SR7 SR6 SAS SR4 SR3 SR2 SR1

-- OUT4 OUT2 BYTE
0OR1 POINTER

OUT5 OUT3 OUT1

DF001900

Figure 1·11. Status Register BitAssignments

DATA PORT REGISTERS

Counter Logic Groups

As shown in Figures 1-5 and 1-6, each of the five Counter
Logic Groups consists of a 16-bil general counter with
associatedcontrol andoutputlogic, a 16-bitLoadregister, a
16-bitHold register and a 16-bit Mode register. In addition,
CounterGroups1and2 alsoinclude16-bitComparatorsand
16-bit Alarm registers. The comparator/alarm functions are
controlledbytheMasterModeregister.Theoperationofthe
CounterModeregistersisthesameforall fivecounters.The
hostCPUhasbothreadandwriteaccesstoallregistersinthe
Counter Logic Groups through the Data portThe counter
itself is never directly accessed.

Load Register

The 16-bil read/write Load register is used to control the
effectivelengthofthegeneralcounter.Any16-bilvaluemay
be written into the Load register. That value can then be
transferredintothecountereachlimetheTerminalCount(TC)
occurs. "Terminal Count" is defined as that period of time
when the counter contents would have been zero if an
externalvaluehadnotbeentransferredintothecounter.Thus,
the terminal count frequency can be the input frequency
cftvided by the value in the Load register. 111 all operating

2-370

modes,eiihertheLoadorHoldregisterwillbetransferredinto
thecounterwhenTCoccurs. Inc<1seswherevaluesarebeing
accumulated in the counter, the Load register action can
becometransparentby filling theLoadregisterwithallzeros.

Hold Register

The 16-bitread/writeHoldregisterisdual-purpose. Itcanbe
usedin the sameway as the Load register, thusofferingan
alternate source for module definition for the counter. The
Holdregistermayalsobeusedtostoreaccumulatedcounter
valuesforlatertransferto thehostprocessor.Thisallowsthe
count to be sampled while the counting process proceeds
withoutinterruption.Transferofthecountercontentsintothe
Hold register is accomplished by the hardware interface in
someoperatingmcxlesorbysoftwarecommandsatanytime.

Counter Mode Register

The 16-bit read/write Counter Mode register controls the
gating, counting, output and source select functions within
each Counter Logic Group. The "Counter Mode Control
Options" section of this document describes the detailed
control options available. Figure 1-17 shows the bit assign-
ments for the Counter Mode registers.

Alarm Registers and Comparators

AddedfunctionsareavailableintheCounterLogicGroupsfor
Counters 1 and 2 (see Figure 1-5). Each contains a 16-bit
Alarmregisteranda16-bitComparator.Whenthevalueinthe
counterreachesthevalueintheAlarmregister,theCompara-
tor output will go true. The Master Mode register contains
control bits to individually enable/disable the comparators.
Whenenabled,thecomparatoroutputappearsontheOUTpin
of the associated counter in placo of the normal counter
outputTheoutputwillremaintrueaslongas thecomparison
istrue,thatis,untilthenextinputcausesthecounttochange.
ThepolarityoftheComparatoroutputwillbeactive-highifthe
OutputControlfieldoftheCounterModeregisteris001or010
and active-low if the Output Control field is 101.

MASTER MODE CONTROL OPTIONS
The16-bitMasterMode(MM)registerisusedtocontrolthose
internal activities that are not controlled by the individual
Counter Mode registers. This includes frequency control,
Time-of-Day operation, comparator controls, data bus width
and data pointer sequencing. Figure 1-12 shows the bit
assignments for the Master Mode register. This section
describes the use of each control field.

MasterMode registerbits·MM12, MM13 and MM14 can be
individually set and reset using commands issued to the
Command register. In addition, they can all be changed by
writing directly to the Master Mode register.

Afterpower-onresetoraMasterResetcommand,theMaster
Moderegisterisclearedtoanallzerocondition.Thisresultsin
the following configuration:

Tme-<>f-Oay disabled
BothComparators disabled
FOUTSolm:e is frequency F1
FOUTOiYidef set fordivide-by-16
FOUT gatedon
DataSusBbitswide
DataPointer Sequencing enabled
Frequency Scaler cftvides in binary
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FOUTDlvldor

0000=OMdeby16
0001 • OMdeby1
0010= OMdeby2
0011 • 0Mdeby3
0100 • OMdeby4
0101 =OMdebyS
0110 • OMdeby6
0111 • Divideby7
1000=OMdeby6
1001 • 0Mdeby9
1010=Divideby10
1011 • OMdeby11
1100=OMdeby12
1101 • OMdeby13 ..
1110• Divideby14
1111 • Divideby15

FOUTGate
0 =FOUTOn
t =FOIJTOff (LowZtoGNO)

DataBus\lildth
0=S·BilBus
t =1fl.BilBus
DataPointerControl
O=Enable lncr1!fflelll
1=Disable Increment

ScaletControl
0=BinaryDivision
1 - acoDivision

FOUTSource

0000= El
0001 =$RC1
0010=SRC2
0011 =SRC3
0100=SRC4
0101 =$RCS
0110=G.A.TE 1
0111 =GATE2
1000=GATE3
100\=GATE4
1010• GATES
1011 • Fl
1100• F2
1101 =F3
1110= F4
1111 =F5

~~Enable~
1=Enabled

Compant1Enable
0=Disabled
t =Enabled

Tln,--of..[)ayMode_____.....,

00 = TOO Disabled
01 = TOO Enabled; + 5 Input
10 = TOO Enabled; + 6 Input
11 = TOD Enabled; + 10 Input

AMDDataSheet

DF001911

Figure 1·12. Master Mode Register Bit Assignments

Time-of-Day

BitsMMO andMM1 ofthe MasterModeregisterspecifythe
iime-of-Day(TOD)options.WhenMMO=OandMM1 =0,the
special logicused toimplementTODisdisabled, andCount-
ers1and2willoperateinexactlythesamewayasCounters
3, 4 and 5. When MMO=1 orMM1 = 1, additional counter
decoding and control logic is enabledonCounters 1 and 2,
which causes their decades to tum over at the counts that
generate appropriate 24-hourTODaccumulations. Foraddi-
tional information,see the iime-of-Daychapterin the 9513A
System timing controller technical manual.

Comparator Enable

BitsMM2andMM3 control theComparatorsassociatedwith
Counters1and2.WhenaComparatorisenabled,itsoutpu1is
substituted for the normal counteroutpu1 on the associated
OUT1 orOUT2pin.Thecomparatorou1pu1willbeactive-high
iftheou1putcontrol fieldoftheCounterModeregisteris001
or01Oand active-lowfora codeof101.Once the compare
outpu1istrue,itwillremainsountilthecountchangesandthe
comparison therefore goes false.

The twoComparatorscan alwaysbeused individuallyinany
operatingmode. Onespecialcase occurswhen theTime-ol-
DayoptionisrevokedandbothComparatorsareenabled.The
operation of Comparator 2 will then be conditioned by
Comparator 1 so that a full 32-bit compare mustbe true in
ordertogeneratea truesignalonOUT2.OUT1 willcontinue,
asusual,toreflectthestateofthe16-bitcomparisonbetween
Alarm 1 and Counter 1.

2-371

FOUT Source

MasterModebitsMM4throughMM7specifythesourceinpu1
fortheFOUTdivider.Fifteeninpu1sareavailableforselection,
andtheyincludethefJVe Sourcepins, thefJVe Gatepinsand
the live internal frequencies derived from the oscillator. The
16thcombinationofthelourcontrolbits(allzeros) isusedto
assure!batanactivefrequencyisavailableattheinputtothe
FOUT divider following reset

FOUT Divider

Bits MM8 through MM11 specify the dividing ratio for the
FOUT Divider. The FOUT source (selected by bits MM4
throughMM7)isd'IVidedbyanlntegarvaluebetween1and16,
inclusive,andIs thenpassedtotheFOUToulputbuffer.After
power-on orrl)SSI. IhaFOUT divider 1$ .set to divide-by-16.

FOUT Gate

MasterModebftMM12prO'Adesa1IOftM!regatingcapability
fortheFOUTsignalVlt'henMM12•1,FOUT Is offand in a·
low-impedanceSlalaloground.MM12maybesetorcleared
inconj!mctionwilhtheloadingoftheotherbitsintheMaster
Mode·register, altemat!vely, there are commands that allow
MM12tobeindividuallysetorcleareddirectlywi1houtchang-
inganyotherMasterModebits.Afterpower-uporreset,FOUT
is gated on.

When changing the FOUT divider ratio or FOUT source,
transient pulses as short as hall the period of the FOUT
sourcemayappearontheFOUTpin.TurningtheFOUTgate
on or off can also generate a transient This should be
considered when using FOUT as a system clock source.

017310
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Bus Width

BitMM13controlsthemultiplexerat thedatabusinterfacein
order toconfigure thepartforan 8-bitor16-bitexternalbus.
Theinternalbus isalways16-bitswide.WhenMM13= 1, 16·
bitdataistransferreddirectlybetweentheinternalbusandall
16 of the external bus lines. In this configuration, the Byte
PointerbitintheDataPointerregisterremainssetalalltimes.
WhenMM13=0,16-bitinternaldataistransferredabyteata
lime toand from theeight low-orderexternal data bus lines.
The Byte Pointer bit toggles with each byte transfer in this
mode.

When the Am9513A is set tooperatewith an 8-bitdatabus
width,pins088throughDB15arenotused for thedatabus
andareavailableforotherfunctions.PinsDB13throughDB15
should be lied high. Pins 088 through DB12 are used as
auxiliary gating inputs and are labeled GATE1A through
GATESA respectively. The auxiliary gate pin, GATENA, is
logicallyANDedwith thegateinputtoCounterN,asshownin
Figure 1-13.TheoutputoftheANDgateis thenusedas the
gating signal for Counter N.

Data Pointer Sequencing

BitMM14controlstheDataPointerlogictoenableordisable
the automatic sequencing functions. When MM14=1, the
contentsoftheDataPointercanbechangedonlydirec11yby
entering a command. When MM14=0, several types of
automaticsequencingoftheDataPointerareavailable.These
are described in the Data Pointer register section of this
document

TCH-1

CATEN-1

GATEN

CAnN•1

GATEIHPUT
IIUt.llPt..EXER
ANOPOU.Rm
SELECT lOCM:

COUHTERltOOE
REQSTER

Figure 1-13. Gating Control

OF001920

Thus,thehostprocessor,bycontrollingMM14,mayrepetitive-
ly read/write a single internal location, or may sequentially
read/write groupsof locations. Bit MM14 can be loadedby
writingtotheMasterModeregisterorcanbesetorclearedby
software command.

Scaler Ratios

MasterModebitMM15controlsthecountingconfigurationof
the FrequencyScalercounter. When MM15=0, the Scaler
cflVides the oscillator frequency inbinarysteps so thateach
subfrequency is 1/16 of the preceding frequency. When
MM15=1, theScalerdivides inBCD stepsso thatadjacent
frequencies are related by ratios of 1Oinstead of 16 (see
Figure 1-14).

,--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ft 

,--~~~~~~~~~~~~~~~~~~~~-n 

~~~~~~~~~~~~~~~F3 

.--~~~~~~~~ 

XI

FS

FREOU£HCYSCALER

AF002S40

BCD Binary
Scaling Scaling

Frequency MM15=1 MM15=0

F1 osc osc
F,2 F1 10 F1 + 16
F3 F1 100 F1 + 256
F4 F1 1,000 F1 + 4,096
FS F1 + 10,000 F1 + 65,536

Figure 1·14. Frequency ScalerRatios

AppendixC

2-372
017310

Refef to PeQ9 7.1 for Essential Information onMi:tatyOeviees

NB-MI0-16XUserManual C-12 ©NationalInstrumentsCorporation



AppendixC

Counter Mode A 8 C D E
Special Gate (CM7) 0 0 0 0 0

Reload Source (CMS) 0 0 0 0 0

Repetition (CMS) 0 0 0 1 1
Gate Control (CM1S-CM13) 000 LEVEL EDGE 000 LEVEL
Count to TC once, then disarm

..
X, X ).(

Count to TC twice, then cftSann

Count to TC repeatedly without disarming X X

Gate input does not gate counter input X X
Count only during active gale level X X
Start count on active gate edge and stop count on XnextTC

Start count on acti've gate edge and stop count on
second TC

No hardware relriggering X X X X X

Reioad counter from Load register on TC X X X X X
Reload counter on each TC, alternating reload
source between Load and Hold registers

Transfer Load register into counter on each TC .that
gate is LOW, transfer Hold register into counter on
each TC that gate is HIGH.

On active gate edge transfer counter into Hold
register and then rekJad counter from Load register

Counter Mode M N 0 p Q

Special Gate (CM7) 1 1 1 1 1

Reload Source (CMS) 0 0 0 0 0

Repetition (CMS) 0 0 0 1 1

Gate Control (CM15-CM13) 000 LEVEL EDGE 000 LEVEL

Count to TC once, then disarm X X

Count to TC twice, then disann

Count to TC repealedly without disarming X

Gate input does not gate counter input

Count only during active gate level X X

.Start count on active gate edge and stop counl on Xnext TC

Start count on active gate edge and stop count on
second TC

No hardware relriggering

Reload counler from Load register on TC X X X

'Reload counter on each TC, alternating reload
source between Load and Hold regislers.

Transfer Load regisler into counter on each TC that
gate is LOW, transfer Hold register into counter pn
each TC that gate.isHIGH.

On active gate edge transfer counler into Hold
regisler and then reload counter from Load regisler X X X

On active gale edge transfer counter Into Hold
register, but counting continues

F G H I

0 0 0 0

0 1 1 1

1 0 0 0

EDGE 000 LEVEL EDGE

X X X

X·

X

X

X

X

X X. X X

X

X X X

R s T u
1 1 1 1

0 1 1 1

1 0 0 0

EDGE 000 LEVEL EDGE

X

X

X

X

X

X

X

X

J K

0 0

1 1

1 1

000 LEVEL

X X

X
X

X X

X X

V w
1 1

1 1

1 1

000 LEVEL

X
X

X

X
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X

X

X

X

X

1

1

1

EDGE

X

X

X

X

X
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3
ID
c.n-t,)

l>.....
l>
3
N
CD

~ 
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l>

Notes: 1. Counter modes M, P, T,UandWare reserved and should not be used.
2. Mode Xis available for Am9513A only.

Figure 1·15 Counter Mode Operating Summary

COUNTER MODE DESCRIPTIONS

CounterModeregisterbitsCM15-CM13andCM7-CMSselect
the operating mode for each counter (see Figure 1-15). To
simplify references to a particular mode, each mode is
assignedaletterfromA throughX.Representativewaveforms
forthecountermodesareillustratedinFigures1-16athrough
1-16v.(Becausethe lettersuffixinthefigurenumberiskeyed
tothemode,Figures1-16m,1-16p,1-161,1-16uand1-16wdo
notexist.)Thefiguresassumedowncountingonrisingsource
edges.ThosemodeswhichautomaticallydiS13rm thecounter
(CMS=O) areshownwith theWRplusentering therequired
ARMcommand;formodeswhichcountrepetitively(CMS=1),

©NationalInstrumentsCorporation

2-373

theARMcommandisomitted.Theretriggeringmodes(N, 0,
aandR)areshownwithoneretriggeroperation.BothaTC
output waveform and a TC Toggled output wavefonn are
shown for each mode. The symbols L and H are used to
represent countvalues equal to the LoadandHoldregister
contents, respectively. The symbols K and N represent
arbitrarycountvalues.Foreachmode,therequiredbitpattern
in theCounterModeregisterisshown; "don'tcare"bitsare
marked"X."These figures aredesignedtoclarifythemode
descriptions; theAm9513AElectricalSpecificationshouldbe
used as the authoritative reference for timing relationships
between signals.

017310
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To keep the followingmodedescriptionsconcise and to the
point, the phrase "sourceedges" is used to refer to active-
goingsourceedgesonly,notto inactive-goingedges.Similar-
ly, the phrase "gateedges" refers only to active-goinggate
edges. Also, again to avoid verbosity and euphuism, the
descriptionsofsomemodesstalethatacounterisstoppedor
disarmed "on a TC, inhibiting further counting." As is fully
explainedintheTCsectionofthisdocument,forthesemodes
the counter is actually stopped or disarmed following the
active-going·sourceedgewhichdrivesthecounteroutofTC.
Inotherwords,sinceacounterintheTCstatealwayscounts,
·irrespective of its gating or arming status, the stopping or
disarming of the count sequence is delayed until TC is
terminated.

MODE A

Software-Triggered Strobe with No Hardware
Gating

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMB

0 0 0 X X X X X

CM7 CMS CMS CM4 CM3 CM2 CM1 CMO

0 0 0 X X X X X

SOURCEFv\J\A

Mode A, shown in Figure 1-1Sa, is one of the simplest
operating modes. The counterwill be available for counting
source edgeswhen it is issuedan ARM command.On each
TC, the counter will reload from the Load _register and
automaticallydisarmitself,inhibitingfurthercounting.Counting
will resume when a new ARM command is issued.

MODE B

Software-Triggered Strobewith Level Gating

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMB

LEVEL X X X X X

CM7 CMS CMS CM4 CM3 CM2 CM1 CMO

0 0 0 X X X X X

Mode8,showninFigure1-16b,isidenticaltoModeAexcept
thatsourceedgesarecountedonlywhentheassignedGateis
active.Thecounterm_ustbearmedbeforecountingcanoccur.
Once armed, the counterwill count all source edgeswhich
occur while the Gate is active and disregard those edges
whichoccurwhiletheGateis inactive.ThispermitstheGate
totum thecountprocessonandoff.OneachTCthecounter
will reload from the Load register and automatically disarm
itself, inhibitingfurthercountingunit!anewARMcommandis
issued.

WR -----"\ t;;;;"'
v;;:MANO

COUNT -----L_-_,______.v-:-:2VALUE 1\::..:..., L - 1

TC nOUTPUT------------....~-------' ..______
TCT~~~-------------,~---------..,~~----~

WF004590

Figure 1-16a. Mode A Waveforms
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SOURCE

V
ARM

COi.HU.NO
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/VVV\/VVVV\_

GATE _'llltl:ltb____
I ~·

COUNT
VAi.OE

TCTOGGLEO
OUTl'IIT

L - 1 L-3~=
--------------~~~~--~----,.---~~--~--~---

WF004600

Figure 1·16b. Mode B Waveforms

MODE C

Hardware-Triggered s.trobe

armedcounter.Thecountermustbearmedbeforeapplication
ofthetriggeredGateedge;Gateedgesappliootoadisarmoo
counteraredisregarded.Thecounterwillstartcountingonthe
first source edge after the triggering Gate edge and will
continuecountinguntilTC.AtTC, thecounterwillreloadfrom
theLoadregisterandautomaticallydisarmitself.Countingwill
thenremain inhibiteduntil anewARM commandand anew
Gateedgeareappliedinthatorder.Notethatafterapplication
ofatriggeredGateedge,theGateinputwillbedisregardedfor
the remainder ofthe countcycle. This differs fromModeB,
wheretheGatecanbemodulatoothroughoutthecountcycle
to stop and start the counter.

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

EDGE X X X X X

CM7 CM6 CMS CM4 CM3 CM2 CM1 GMO

0 0 0 X X X X X

ModeC,showninFigure1-16c,isidenticaltoModeA,except
thatcountingwillnotbeginuntilaGateedgeisappliootothe

~ 

~------------L--....'----------'~2 L-1

TCOUTPUT I\~-------------------~~------' '----------
TC~-----------------------------H---------------'x~------------

Figure 1·16c. Mode C Waveforms
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MODE D MODE E

Rate Generator with No Hardware Gating Rate Generator with Level Gating

CMB CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

X X

CM4 CM3 CM2 CM1 CMO CMO

X X X X X 0 0 X X X X X

Mode0,showninFigure1-1Bd, is typicallyusedinfrequency
generationappr.cations.Inthismode,theGateinputdoesnot
affectcounteroperation.Oncearmed, the counterwill count
to TC repetitively.On eachTC, the counterwill reload itself
from the Load register; hence, the Load register value
determines the time between TCs. A square wave rate
generator may be obtained by specifying the TC Toggled
output mode in the Counter Mode register.

ModeE,showninFigure1-1Be,isidenticaltoMode0,except
the counterwm only count those source edgeswhich occur
whiletheGateinputisactive.Thisfeatureallowsthecounting
processtobeenabledanddisabledunderhardwarecontrol.A
squarewaverategeneratormaybeobtainedbyspecifyingthe
TC Toggled output mode.

SOURCE

GATE

SOURCEJVVV\f\.f\JVV\_

COUNT~;.2
VALUE~·~

/\~~----~-~~TCOUTPUT __j ~r- -

TCT~:_____...,X..___..,:...·-------- '-----
WF004620

Figure 1·16d. Mode D Waveforms

\_)

coummr
VALUE~2 K - ~ 

OUTP~---------------•------'~'-----

TC T~~~~~ ______x____________________--------''-----

Figure 1·16e. Mode E Waveforms
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MODE F

Non•Retrlggerable One-Shot

CM14 CM13 CM12 CM11 CM10 CM9 CMB

EDGE X X X X X

CM6 CMS CM4 CM3 CM2 CM1 CMO

0 X X X X X

MODE G

Software-Triggered Delayed Pulse One-Shot

CM1S CM14 CM13 CM12 CM11 CM10 CM9 CMB

0 0 0 X X X X X

CM7 CM6 CMS CM4 CM3 CM2 CM1 CMO

0 0 X X X X X

InModeG,theGatedoesnotaffectthecounter'soperation.
Once armed, the counter will count to TC twice and then
automaticallydisarmitself.Formostapplications,thecounter .
willinitiallybeloadedfromtheLoadregistereitherbyaLOAD

>
3
(t)
U1...
w
>.....
>
3
N
CD
0

""w>
Mode F, shownin Figure 1-161, provides anon-retriggerable
one-shottimingfunction.Thecountermustbearmedbeforeit
will function.ApplicationofaGateedgeto thearmedcounter
will enable counting. When the counter reaches TC, it will
reloaditselffromtheLoadregister.Thecounterwill thenstop
counting,awaitinganewGateedge.NotethatunlikeModeC,
anewARMcommandisnotneededafterTC,onlyanewGate
edge. Afterapplication of a triggering Gate edge, the Gate
input is disregarded until TC.

commandorby the lastTCofan earliertiming cycle. Upon fl
counting to thefirstTC, thecounterwill reloaditselffrom the
Holdregister.Countingwillproceeduntilthesecon<lTC,when
the counter will reload itself from the Load register and
automaticallydisarmitself,inhibitingfurthercounting.Counting
canberesumedbyissuinganewARMcommand.Asoftware-
triggereddelayedpulseone-shotmaybegeneratedbyspec;;.
lying the TC Toggled output mode in the Counter Mode
register.Theinitialcountercontentscontrolthedelayfromthe
ARMcommanduntiltheoutputpulsestarts.TheHoldregister
contentscontrolthepulseduration.ModeGisshowninFigure
1-16g.

SOURCEJV\J\/\JVVV\_
GATE \\ThI~\\\\\\\\\

lC I\
OUTP\1T--------,1-----...J' \'-----

lCT~~-------~•---------'x'--~-~-

Figure 1·16f.Mode F Waveforms
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~JVV\/VVVV\/VVVV\.

~ ~-------------0---------'~~------~IJ~--------J~~--------
TC~______,______-JX,..__...::...-----...JX,..:___

WF004650

Figure 1·16g. Mode G Waveforms

MODE H

Software-Triggered Delayed Pulse One-Shot
with Hardware Gating

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

LEVEL X X X X X

CM7 CM6 CMS CMO

0 0 X

ModeH.showninFigure1-16h,isidentic;:altoModeGexcept
thattheGateinpu1isusedtoqualifywhichsourceedgesare
to be counted. The countermust be armed for counting to
occur. Once armed, the counterwill count all source edges
thatoccurwhile theGateisinactive.ThispermitstheGateto
tum the count process on and off. As with Mode G, the
counterwillbereloadedfromtheHoldregisteronthefirstTC
and reloaded from the Load register and disarmed on the
second TC. This mode allows the Gate·to control the
ex1ension ofboth the initial ou1put delay time and the pulse
wid1h.

MODE I

Hardware-Triggered Delayed Pulse Strobe

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

EOOE X X X X X

CM7 CMS CMS CM4 CM3 CM2 CM1 CMO

0 ·X X X X

Mode I,showninFigure 1-16i,is identicaltoModeG, except
thatcountingwillnotbeginuntilaGateedge isappliedto an
armedcounter.Thecountermustbearmedbeforeapplication
ofthetriggeringGateedge;Gateedg!lsappliedtoadisarmed
counteraredisregarded.Anarmedcounterwillstartcounting
on the first source edge after the triggering Gate edge.
CountingwillthenproceedinthesamemannerasInModeG.
After the secondTC, the counterwill disarm itself. An ARM
command and Gate edge must be issued in this order to
restart counting. Note ttiat after application of a triggering
Gateedge,theGateinpu1willbedisregardeduntilthesecond
TC. This differs from Mode H, where the Gate can be
modulated throughou1 the countcycle to stop and start the
counter.

~ JV\.f\/V\NVVV\NVVV\/VVVV\/VVVV\_
QAn!~-----v- '@ -----v- '«t««o:X>

TC I\OUTl'\IT------------------1 '--------'----.....---'TCT=-------•-------==r=_,___________c:::_

WF004660

Figure 1·16h. Mode H Waveforms
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~JVVV\f\FJV\/VVV\f\_
GATc~

~ ----------·~..,____...,n..____
TCT~___; x:_:_ __,X..___

WF004670

Figure 1·161. Mode I Waveforms

MODE J

Variable Duty Cycle Rate Generator with No
Hardware Gating

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMB

o· 0 0 X X X X X

CM7 CM3 CMO

0 X X X

ModeJ,showninFigure 1-16i,will find thegreatestusagein
frequency generation appfications with variable duty cycle
requirements.Oncearmed,thecounter.willcountcontinuously
until it is issued a DISARM command. On the first TC, the
counterwillbereloaded from theHoldregister.Countingwill
then proceeduntil thesecondTCatwhich time the counter
willbereloadedfromtheLoadregister.Countingwillcontinue,
withthe.reloadsourcealternatingoneachTC,untilaDISARM
commandisissuedtothecounter. (ThethirdTCreloadsfrom
theHoldregister,thefourthTCreloadsfromtheLoadregister,
etc.) A· variable duty cycle output can be generated by
specifying the TC Toggled output in the Counter Mode
register. TheLoad andHoldvalues then directlycontrol the
outputdutycycle,withhighresolutionavailablewhenrelatively
high count values are used.

2-379

MODE K

Variable Duty Cycle Rate Generator with Level
Gating ,;.~

CMB

X

CM7 CM6 CMS CM4 CM3 CMO

0 X X X

ModeK, showninFigure1-16k,isidenticalloModeJ,except
thatsourceedgesareonlycountedwhentheGate isactive.
The counter must be armed for counting to occur. Once
armed, the counterwill count all source edgeswhich occur
whileGateisactiveanddisregardthosesourceedgeswhich
occurwhiletheGateisinactive.ThispermitstheGatetotum
the count process on and off. As with Mode J, the reload
sourceusedwillaltemateoneachTC, startingwith theHold
registeronthefirstTCafteranyARMcommand.WhentheTC
Toggledoutputisused,thismodeallowstheGatetomodulate
thedutycycleoftheoutputwaveform. Itcanaffectboththe
HIGH and LOW portions of the output waveform.
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Figure 1·16J. Mode J Waveforms
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Figure 1·16k. Mode K Waveforms

MODEL

Hardware-Triggered Delayed Pulse One-Shot

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

EDGE X X X X X

CM7 CM6 CMS CM4 CM3 CM2 CM1 CMO

0 X X X X X

ModeL,showninFigure1-161,issimilartoModeJexceptthat
countingwillnotbeginunl!laGateedgeisappliedtoanarmed
counter.Thecountermustbearmedbeforeapplicationofthe
triggering Gate edge; Gate edges applied to a disarmed
counter are disregarded. The counter will start counting
sourceedgesafterthetriggeringGateedge,andcountingwill
proceeduntil thesecondTC.Notethatafterapplicationofa
triggeringGateedge,theGateinputwillbedisregardedforthe
remainderofthecountcycle.ThisdiffersfromModeK,where
thegatecanbemodulatedthroughoutthecountcycletostop
andstartthecounter.Onthe firstTCafterapplicationofthe
triggering Gate edge, the counterwill be reloaded from the
Holdregister.OnthesecondTC,thecounterwillbereloaded
fromtheLoadregister,andcountingwmstopuntilanewgate
edgeisissued tothecounter. NotethatunlikeModeK, new
Gateedgesare required aftereverysecontiTC to continue
counting.

2-380

MODE N

Software-Triggered Strobe with Level Gating
and Hardware Retrlggerlng

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

LEVEL X X X X X

CM7 CM6 CM3 CMO

0 X X

ModeN,showninFigure1-16n,providesasoftware-triggered
strobe with level gating that is also hardware retriggerable.
The 'counter must be issued an ARM command before
counting can occur. Once armed, the counter will count all
source edges which occur while the gate is active and
disregard those sourceedgeswhichoccurwhile theGate is
inactive.Thispermits theGatetotum thecountprocesson
and off. After the issuanceof1he ARM command and the
application ofan activeGate, thecounterwill count to TC.
Upon reaching TC, theCCUlta' ¥Al reload from the Load
registerandautomatlcallyclsarmllsell,lnhibftingfurthercount-
ing. Countingwill resumeIJpOltIlle~ of·a newARM
command. All activ&-gc,ingGaleedgesIssued to anarmed
counterwill causeaRltriggllrcpnllon.Uponapplicationof
theGateedge,thecounlercelWll'llsw8besaY9dIntheHold
register.Onthefirstquailledsoun:e9lfgelifterappfrcationof
the retriggeringgaleedge,theconl!lntsoftheLoad register
will be transferred into1hecount!lr.Countingwill resume on
the second qualifiedsourceedgeaftertheretriggeringGate
edge. Qualified source edges are activ&-go!ng edges which
occurwhile the Gate is active.

01731D
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Figure 1-161. Mode L Waveforms
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Figure 1·16n. Mode N Waveforms

MODE 0

Software-Triggered Strobe with Edge Gatl,ng
and Hardware Retrlggering

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMB

EDGE X X X X X

CM7 CM6 CMS CM4 CM3 CM2 CM1 CMO

0 0 X X X X X

Mode0,showninFigure1-16o,issimilarModeN,exceptthat
counting will not begin until an active-going Gate edge is
appliedtoanarmedcounterandtheGatelevelisnotusedto

2-381

modulatecounting.Thecountermustbearmedbeforeappli-
cation of the triggering Gate edge; Gateedgesapplied to a
disarmed counter are disregarded. Irrespectiveofthe Gate
level, the counter wi11 count alt·som-ce edges after the
triggering Gate edge until the first TC.On thefirst TC,lhe
counterwillbereloadedfromtheloadregist;eranddisarmed.
AnewARMcommandandanewGaleedgemustbeapplied
inthatordertoinitiateanewcountingcycle.UdkeModesC,
F, IandL.whichdisregani"tl1eGateq,utonc:ec:ounlingstarts,
inModeOthecountprocesswillbe1e1wsedonallactive-
goingGateedges, includingthefirstGaedgelllledtostart
the counter. On each retriggeringGate edge, the counter
contentswillbetransferredInto1heHoldregister.Onthefirst
source edge after the retriggering G:a'9 edge, the Load
registercontentswiilbetransferredintothecounter.Counting
will resume on the second-source edge after a retrigger.

017310
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Figure 1·16o. Mode O Waveforms

MODE Q

Rate Generator with Synchronization (Event
Counter with Auto-Read/Reset)

CM1S CM14 CM13 CM12 CM11 CM10 CM9 CMS

LEVEL X X X X X

CM7 CM6 CMS CM4 CM3 CMO

0 X X X

ModeQ,showninFigure1-16q,providesarategeneratorwith
synchronizationoraneventcounterwithau1o-read/reselThe
counter must first be issued an ARM command before
counting can occur. Once armed, the counterwill count all
source edges which occur while the Gate is active and
disregardthoseedgeswhichcccurwhiletheGateis inactive.
Thispermits theGateto tum thecountprocessonand off.
AftertheissuanceofanARMcommandandtheapplicationof
anactive Gate, the counterwill count to TC repetitively. On
eachTC.the counterwill reload itselffrom theLoadregister.
Thecountermayberetriggeredatanytimebypresentingan
active-going Gate edge to the Gate input The retriggering
Gateedgewm transfer thecontentsofthecounter into the
1-lold register. Thefirstqualifiedsourceedgeafterthe retrig-
gering Gate edge will transfer the contents of the Load
registerintotheCounter.Countingwillresumeonthesecond
qualifiedsourceedgeafterthe retriggeringGateedge.Quali-
fied source edgesare active-goingedgeswhich occurwhile
the Gate is active.

2-382
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MODER

Retrlggerable One-Shot

CM1S CM14 CM13 CM12 CM11 CM10 CM9 CMS

EOOE X X X X X

CM7 CM6 CMS CM4 CM3 CM2 CM1 CMO

0 X X X X X

ModeR, showninFigure 1-16r,issimilartoModeQ,except
that edge gating rather than level gating is used. In other
words,ratherthanusetheGateleveltoqualifywhichsource
edges to coun~ Gate edges are used to start the counting
operation. The countermustbearmedbefore applicationof
the triggeringGate edge; Gateedgesapplied toa disarmed
counteraredisregarded.AfterapplicationofaGateedge,an
armedcounterwill countall sourceedgesuntilTC, irrespec-
tive of the Gate level. On the first TC, the counter will be
reloaded from the Load register and stopped. Subsequent
countingwill notoccuruntil a newGateedge isapplied. All
Gateedgesapplied to thecounter, includingthefirstused to
triggercounting,initiatearetriggeroperation.Uponapplication
of.a Gateedge, the countercontentsaresavedin theHold
register. On the firstsourceedgeaftertherelriggeringGate
edge, the Load register contentswillbetransferred intothe
counter. Counting will resume on the second source edge
after·the retriggering Gate edge.

017310
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Figure 1·16q. Mode Q Waveforms
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Figure 1·16r. Mode RWaveforms

MOOE S

RELOAD SOURCE

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

0 0 0 X X X X X

CM7 CMS CMS CM4 CM3 CM2 CM1 GMO

0 X X X X X

In this mode, the reload source for LOAD commands (irre-
spectiveofwhetherthecounterisarmedordisarmed)andfor
TC-initiatedreloadsisdeterminedbytheGateinputTheGate
inputinModeSisusedonlytoselectthereloadsource,notto
startormodulate counting.When theGate is Low, the Load
register isused;when theGate is High, the Hold register is
used. Note the Low-Load, High-Holdmnemonic convention.
Once armed, the counter will count to TC twice and then
disarm itself. On eachTC, thecounterwill be reloaded from
thereloadsourceselectedbytheGate.Followingthesecond
TC, an ARM command is required to start a new counting
cycle. Mode S is shown in Figure 1-1Ss.

2-383

MOOE V

Frequency-Shift Keying

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

0 0 0 X X X X X

CM7 CMS CMS CM4 CM3 CM2 CM1 GMO

X X X X X

Mode V, shown in Figure 1-16v, provides frequency-shift
keying modulation capability.Gateoperationin thismode is
identical to that in Mode S. HIhaGate Is Low, a LOAD
commandoraTC-inducedreloedwillreloadthecounterfrom
theLoadregister.IftileGatelsHIGH,LOAOsandreloadswill
occur from the Hold register. ThepolarityoftheGate only
selects the reload source; it does not start or modulate
counting. Once armed, the counterwi!1 comtrepetitively to
TC.OneachTC,thecounterwillreloaditselffromtheregister
determinedbythepolarityoftheGate.Countingwillcontinue
in this manner until a DISARM command is issued to the
counter.Frequencyshiftkeyingmaybeobtainedbyspecifying
aTCToggledoutputmodeintheCounterModeregister.The
switchingoffrequenciesisachievedbymodulatingtheGate.

017310
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Figure 1-16s. Mode SWaveforms
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Figure 1·16v.Mode V Waveforms
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Figure 1-16x. Mode XWaveforms

MODE X

Hardware Save (available In Am9513A only)

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS

Edge X X X X X·

CM7 CMS CMS CM4 CM3 CM2 CM1 CMO

X X X X X

Mode X, as shown in Figure 1-1Sx, provides a hardware
sampling of the counter contents without interrupting the
count. A LOAD AND ARM command ora LOAD command
followed by an ARM command is required to initialize the
counter. Once armed, a Gate edge starts the counting
operation; Gate edges applied to a disarmed counter are
disregarded.AfterapplicationoftheTriggeringGateedge,the
counterwillcountallqualifiedsourceedgesuntil thefirstTC,
irrespectiveofthegatelevel.Allgateedgesappliedduringthe
counting sequence will store the current count in the Hold
register,buttheywillnotinterruptthecountingsequence.On
eachTC, thecounterwillbe reloaded fromiheLoadregister
and stopped.Subsequentcounting requires anewtriggering
Gate.edge; counting resumes on the first source edge
following the triggering Gate edge.

Note: Mode X is only available in the Am9513'A' devices.

COUNTER MODE CONTROLOPTIONS
Each Counter Logic Group includes a 16-bitCounterMode
(CM) register used to control all of the individual options
availablewith its associatedgeneral counter. These options
includeoutputconfiguration, countcontrol,countsourceand
gatingcontrol.Figure1-17showsthebitassignmentsforthe
Counter Mode registers. This section describes the control
optionsindetafi.Notethatgenerallyeachcounterisindepen-
dentlyconfiguredanddoesnotdependoninformationoutside
itsCounterLogicGroup.TheCounterModeregistershouldbe
loadedonlywhen thecounterisDisarmed. Attempts to load
the Counter Mode register when the counter is armedmay
result in erratic counter operation.

After power-on reset or a Master Reset command, the
CounterMode registers are initialized to a preset condition.
The value entered is 0800 hex and results in the following
control configuration:

Output low-impedance to ground
Count down
Count binary
Count once
Load register selected
No retriggering
F1 input source selected
Positive-true input polarity
No gating

Output Control

Counter mode bits CMO through CM2 specify the output
control configuration. Figure 1-18 shows a schematic repre-
sentationoftheoutputcontrollogic.TheOUTpinmaybeoff
((l high~mpedance state), or it may be inactive with a low-
impedancetoground.Thethreeremainingvalidcombinations
represent the active-high, active-low or TC Toggle output
waveforms.

Oneoutputformavailable iscalledTerminalCount(TC)and
represents the period in time that the counter reaches an
equivalentvalueofzero.TCwilloccuronthenextcountwhen
.the counter is at0001 fordowncounting,at9999 (BCD) for
BCD up counting or at FFFF (hex) for binary up counting.
Figure 1-19 showsaTerminalCountpulseandan example
contextthatgenerated it.TheTCwidlhisdeterminedbythe
periodofthecountingsource.RegardlessofarrJgatingq,ut
orwhether the counter isArmedorDisarmed. the !erminl!lt
count will go active for only one clod;cycle. f9n1-19
assumesactive-high sourcepolllrity,coun1erenned,counter
decrementing and an external reloadY&kle ofK.

2-385

Thecounterwill alwaysbeloaded froman·extemllllocation
whenTCoccurs;theusercanchoo88lhe80IB'C8localionand
thevalue.Ifanon-zerovalueIspicked,thecounterwillnever
reallyattainazerostate,andTCwi!llndicalethecounterstate
thatwouldhavebeenzerohadnoparalleltransferoccurred.

017310
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Ccun!So<.n:o-
0000 • TCH-1
0001 • SRC1
0010 • SRC2
0011 • SRC3
0100 • SRC4
0101 • SRC5
0110 • GATE!
0111 • GATE2
1000 • GATE3
1001 • GATE4
1010 • GATES
1011 • Ft
1100 • F2
1101 • F3
1110 • F4
1111 • FS

CountContrcl

~----------o- OisabloSpeoaJGato
1 ,. EnableSpecialGata

..----------0• ReloadfromLoad
1 • ReloadfromLoadexHold

Excep!inModeXWt,;ch
RalOadsOnlyfromLoad

,------o• CcootOnce
1 • CountRepe!lwoly

,----o- BinaryCoon!
1 • BCOC<xJnt
0 • CountDown
1 • CounlUp

CM15 CM14 CM13 CM12 CM11 CM10 CM9 CMS CIK1 CM6 CMS CM< CM3 CM2 CMI CMO

SourcoEdgo
O• COuntonRisingEdge
1 • Cooo!onFalingEdge

GatingContrcl
000 • NoGating
001 • AdlveHighTCN-1
010 • Ad!veHigh~elGATEN+1
011 • AdlveHighLevelGATEN-1
100 • AdlveHighLevelGATEN
101 • Ad!velow~IGATEN
110 • AdlveHighEdgeGATEN
111 • Ad!velowEdgeGATEN

-~J000 • tnaetive,o.rtp.nlow
001 • Ad!veHigh TenrinalCountPulse
010 • TCToggled
011 • Illegal
100 • Inactive,Oul;:,utHigh-I~
101 • Ad!veLowTMTrina!CountPu!so
110 • Illegal
111 • Illegal

DF003782

Note: See Figure 1-16 for restrictions on Count Control and Gating Control bit combinations.

Figure·1-17. CounterMode Register Bit Assignments
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Figure 1·18.Output Control Logic
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Figure 1·19. Counter Output Waveforms fl-------
Theotheroutputform, TCToggled,uses the trailingedgeof
TCtotoggleaflip-floptogenerateanoutputlevelinsteadofa
pulse.The toggleoutputis 1/2thefrequencyofTC.TheTC
Toggled outputwill frequently be used to generate variable
duty-cycle square waves in Operating Modes G through K.

InModeLtheTCToggledoutputcanbeusedtogeneratea
·one-shot function, with the delay to the start of the output
pulseandthewidthoftheoutputpulseseparatelyprogramma-
ble. With selection oftheminimumdelay to the start ofthe
pulse, the output will toggle on the second source pulse
following application of the triggering Gate edge.

NotethattheTCToggledoutputformcontainsnoimplication
aboutwhether the output is active-high oractive-low. Unlike
theTCoutput, which generatesa transientpulsewhich can
clearly be active-high or active-low, the TC Toggled output
waveformonlyflips thestateofthe outputoneachTC. The
solecriterionofwhethertheTCToggledoutputisactive-high
oractive-lowistheleveloftheoutputatthestartofthecount
cycle. This can be controlled by the Set and ClearOutput
.commands. (See Figure 1-20.)

TC (Terminal Count)

On eachTerminal Count (TC), the counterwill reload itself
fromtheLoadorHoldregister.TCisdefinedasthatperiodof
timewhenthecountercontentswouldhavebeenzerohadno
reload occurred. Some ·special conditions apply to counter
operation immediately before and during TC.

1.IntheclockcyclebeforeTC,an internalsignalisgenerated
thatcommitsthecountertogotoTConthenextcoun~and
retriggeringbyahardwareGateedge(ModesN,0,Qand
R) orasoftwareLOADorLOADANDARMcommandwill
not extend the time to TC. Note that the "next count"
drivingthecountertoTCcanbecausedbytheapplication
ofa count source edge (in level galing,modes, the edge
mustoccurwhilethegateisactive,oriiwillbedisregarded),
bytheapplicationofaLOADorLOADANDARMcommand
(see 2 below)orbythe applicationofa STEP command.

2.IfaLOADorLOADANDARMcommandisexecutedduring
thecycle precedingTC, thecounterwill immediatelygoto
TC. Ifthesecommandsare issuedduringTC, theTCstate
will immediately terminate.

3.WhenTC isactive, the counterwill always countthenext
sourceedgeissued to i~ evenifitisdisarmedorgatedoff
during TC. This means that TC will never be active for
longerthanonecountperiodandiimay,infact,beshorterif
aSTEPcommandoraLOADorLOADANDARMcommand
is appliedduring TC(see item2 above). This alsomeans

thatacounterthatisdisarmedorstoppedonTCisactually
disarmed/stopped immediately following TC.

Thismaycausecountsequencesdifferentfromwhata user
mightexpectSincethecounterisalwaysreloadedatthestart
ofTCandsinceiialwayscountsattheendofTC,thecounter

, contents following TC will differ by one from the reloaded
value, irrespective of the operating mode used.

2-387

Ifthereloadedvaluewas0001 fordowncounting,9999(BCD)
forBCDupcountingorFFFF(hex) forbinaryupcounting,the
count at the endofTCwill drive the counter intoTCagain
regardlessofwhetherthecounterisgatedoffordisarmed.As
long as these values are reloaded, the TC outputwill stay
active.IfaTCToggledoutputisselected,itwilltoggleoneach
count. Execution of a LOAD, LOAD AND ARM or STEP
commandwith.these countercontentswill actthe same as
applicationofasourcepulse,causingTCtoremainactiveand
a TC Toggled output to toggle.

Count Control

Counter Mode bits CM3 through CM7 specify the various
options available for direct control of the counting process.
CM3 and CM4 operate independently of the others and
control up/down and BCD/binary counting. They may be
combinedfreelywithothercontrolbitsto formmanytypesof
counting configurations.Theotherthree bits and theGating
Control field interact in complexways. BitCMS controls the
repetitionofthecountprocess.WhenCMS=1, countingwill
proceedinthe specifiedmodeuntil thecounterisdisarmed.
WhenCMS=0, thecountprocesswillproceedonlyuntilone
fullcycleofoperationoccurs.Thismayoccurafteroneortwo
TC events.Thecounter is then disarmed automatically. The
singleordoubleTCrequirementwill depend on the stateof
othercontrolbits.Notethatevenifthecounterisautomalical·
lydisarmeduponaTC,italwayscountsthecountsourceedge
which generates the trailing TC edge.

WhenTCoccurs,thecounterisalwaysreloadedwithavalue
from either the Load register of theHold register. Bit CMS
specifiesthesourceoptionsforreloadingthecounter.When
CMS=O, thecontentsoftheLoadregistei:.\lli!Ibetransferred
into the counter·at everyoccuminceofTC;;WhenCMS=1,
the counter reload location will beeither the Load orHold
Register. The reload location in thiscasemaybecontrolled
externally by using a Gate pin (Modes S and V) or may
alternateoneachTC(ModesG throughL).Wllha!temating
sources and with theTCToggled outputselecl9d, theduty
cycleoftheoutputwaveformiscontrolledbytherelativeLoad
andHoldvaluesandveryfine resolutionofdutycyclesratios
may be achieved.

017310
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Bit CM7 controls the special gating functions that allow
retriggering and the selection of Load or Hold sources for
counterreloading.TheuseanddefinitionofCM7willdepend
on the status of the Gating Control field and bits CMS and
CMS.

Hardware Retrlggerlng

Wheneverhardware retriggering is enabled (ModesN,0,Q,
and R), all active-going Gate edges initiate retrigger opera-
tions.Onapplication oftheGate edge, thecountercontents
·will be transferred to the Hold register. On the firstqualified
source edge after applicationof the retriggeringGate edge,
theLoadregistercontentswillbetransferredintothecounter.
(Qualified source edges are edges which occur while the
counter is gated on and Armed.)

Thismeansthat, iflevelgatingisused, theedgeoccurringon
active-going gate transitionswill initiate a retrigger. Similarly,
when edge gating is enabled, an edge used to start the
counter will also initiate a retrigger. The first count source
edge applied after the Gate edge will not increment/decre-
ment the counter but retrigger it

Ifa LOAD, LOAD ANO ARM, or a STEP Command occurs
between the retriggering Gate edge and the first qualified
source edge, it will be interpreted as a source edge and
transfertheLoadregistercontents intothecounter.Thereaf-
ter, the counter will count all quafrtied source edges.

When some form ofGating isspecified, CM7controls hard-
ware retriggering. In this case, wf\en CM7=0, hardware
retriggering does not occur; when CM7=1, the counter is
retriggered any lime an active-going Gate edge occurs.
RetriggeringcausesthecountervaluetobesavedintheHold
registerandtheLoadregistercontentstobetransferred into
the counter.

WhenNoGatingisspecified,thedefinitionofCM7changes.In
thiscase,whenCM7=0, theGateinputhasnoeffectonthe
counting;whenCM7=1, theGateinputspecifiesthesource
(selectingeithertheLoadorHoldregister)usedtoreload the
counter when TC occurs. Figure 1-15 shows the various
available control combinations for these interrelated bits.

Count Source Selection

Counter Mode bits CMS through CM12 specify the source
used as input to the counter and the active edge that is
counted. BitCM12 controls the polarity for all the sources;
logic zero counts rising edges and logic on13 counts falling
edges. Bits CMS through CM11 select 1 of 16 counting
sources to route to the counter input F"ive of the available
inputs are internal frequencies derived from the internal
oscillator(seeFigure1-14forfrequencyassignments).Tenof
the available inputs are interface pins; five are labeledSRC
and five are labeled GATE.

The 16thavailable inputis the TCoutput from.the adjacent
lower-numberedcounter.(TheCounter5TCwrapsaroundto
theCounter1input)Thisoptionallowsinternalconcatenating
thatpermitsverylongcountstobeaccumulated.Sinceallfive
counters maybe concatenated, itispoSStble to configure a
counterthatis80-bitslongononeAm9513Achip.WhenTCN-
1 is the source, the count ripples between the connected
counters. External connections can also bemade, and can
use the toggle bit for even longer cotints. This is easily
accomplished by selecting a TC Toggled output mode and
wiring OUTN to one of the SRC inputs.

Gating Control

CounterModebitsCM15,CM14,CM13specifythehardware
gatingoptions.When"nogating"isselected(000),thecount-

NB-MJ0-16XUserManual
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erwillproceedunconditionallyaslongasitisarmed.Forany
othergating mode, the counl process is conditioned by the
specified gating configuration.

Foracodeof100inthisfield,countingcanproceedonlywhen
thepinlabeledGATENassociatedwithCounterNisatalogic
high level.When itgoesLOW, counting issimplysuspended
until theGategoesHIGHagain.Acodeof101 performsthe
samefunctionwithanoppositeactivepolarity.Codes010and
011 offerthesamefunctionas100,butspecifyalternateinput
pinsasGatingSources.Thisallowsanyofthreeinterfacepins
to be used as gates for a given counter. OnCounter4, for
example,pin34,pin35orpin36maybeusedtoperformthe
gating function.ThisalsoallowsasingleGatepintosimulta-
neously control up to three counters. Counters 1 and5 are
considered adjacentwhen usingTCN • 1 (001), GateN+1
(010) and Gate N -1 (011) controls.

Forcodesof110or111 inthisfield, countingproceedsafter
the specified active Gate edge until one or two TC events
occur.Withinthisinterval,theGateinputisignored,exceptfor
theretriggeringoption.Whenrepetitionisselected,acyclewill
be repeated as soon as another Gate edge occurs. With
repetition selected, any Gate edge applied after TC goes
activewillstartanewcountcycle.Edgegatingisusefulwhen
implementingadigitalsingle-shotsincethegatecanserveas
a convenient firing trigger.

A001 codeinthisfield selects theTC(notTOGGLE)output
fromtheadjacentlower-numberedcounterasthegate.Thisis
useful forsynchronouscountingwhenadjacentcountersare
concatenated.

COMMAND DESCRIPTIONS

ThecommandsetfortheAm9513Aallowsthehostprocessor
tocustomizeandmanage the operatingmodesand features
for particular applications, to initialize and update both the
internal data and control information, and to manipulate
operatingbitsduringoperation.Commandsareentereddirect-
ly intothe8-bitCommandregisterbywriting intotheControl
port (see Figure 1-7):

All available commands are described in the following text
Figure 1-20summarizes thecommandcodesandincludesa
briefdescriptionofeach function. Figure 1-21 showsall the
unused code combinations; unused codes should not be
entered intotheCommandregistersinceundefinedactivities
may occur.

Sixofthecommandtypesareusedfordirectsoftwarecontrol
ofthecountingprocessandtheyeachcontaina5-bitSfield.
Inalinear-selectfashion,eachbitintheSfieldcorrespondsto
oneoffivegeneralcounters($1 =Counter1,S2=Counter2,
etc.). When an S bit is a one, the specified operation is
performedonthecounterso designated;whenan Sbit is a
zero,nooperationoccursforthecorrespondingcounter.This
typeofcommandformathasthreebasicadvantages.Itsaves
hostsoftwarebyallowinganycombinationofcounterstobe
actedonbyasinglecommand.Itallowssimultaneousaction
onmultiplecounterswhere synchronizationofcommands is
importantItallowscounter-specificSSIViceroutinestocontrol
incfrvidual counters without needing to be aware of the
operating context of other counters.

Threeofthecommandsusea3-bitbinarycode(N4,N2,N1)
to identify the affected counter (a001 programs counter 1,
etc.). Unlike the previously mentioned commands, these
commandsallowyou toprogramonlyonecounterata time.
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Command Code

C7 C6 cs C4 C3 C2 C1 co Command Description

0 0 0 E2 El G4 G2 G1 Load Data Pointer register with contents of E and G fields.
(G;:000,G;:110)

0 0 1 S5 S4 S3 S2 S1 ·Arm counting for all selected counters

0 1 0 ss S4 S3 S2 S1 Load contents of specified source into an selected counters
0 1 1 ss S4 S3 S2 S1 Load and Arm all selected counters'
1 0 0 ss S4 S3 S2 S1 Disarm and Save all selected counters

1 0 1 ss S4 S3 S2 S1 Save all selected counters in Hold register

1 1 0 SS S4 S3 S2 S1 Disarm all selected counters

1 1 1 0 1 N4 N2 N1 Sat Toggle out (HIGH) for counter N (001 .;N<101)
1 1 1 0 0 N4 N2 N1 Clear Toggle out (LOW) for counter N (001 .;N.;101)
1 1 1 1 0 N4 N2 N1 Step counter N (001 .;N<101)
1 1 1 0 1 0 0 0 SalMM14 (Disable Data Pointer Sequencing)

1 1 1 0 1 1 1 0 Set MM12 (Gate off FOlJl)

1 1 1 0 .1 1 1 1 Sat MM13 (Enter 18-bit bus mode)

1 1 1 0 0 0 0 0 ClearMM14 (Enable Data Pointer Sequencing)

1 1 1 0 0 1 1 0 Clear MM12 (Gate on FOlJl)

1 I 1 0 0 1 1 1 Clear MM13 (Enter 8-bit bus mode)

1 1 1 1 1 0 0 0 Enable Prefelch for Write operations (Am9513'A' only)

1 1· 1 1 1 0 0 1 Disable Prefelch forWrite operations (Am9513'A' only)

1 1 1 1 1 1 1 1 Master reset

'Not to be used for asynchronous operations.

Figure 1·20. Am9513A Command Summary

C7 cs cs C4 C3 C2 C1 co
1 1 1 1 0 0 0 0

1 1 1 1 0 1 1 0

1 1 1 1 0 1 1 ·1

0 0 0 X X 1 1 0

0 0 0 X X 0 0 0

'1 1 1 1 1 X X X
'Unused exceptwhen XXX•111, 001 or 000.
Figure 1·21. Am9513A Unused

-Command Codes

Arm Counters

Coding: I~7 C6 cs C4 C3 C2 Ct ~,0 1 SS S4 S3 S2

Description:Anycombinationofcounters,asspecifiedbythe
Sfield,willbeenabledforcounting.Acountermustbearmed
•before counting can commerce. Once armed, the counting
processmaybe further enabledordisabledusing the hard-
ware gating facilities. This command can only arm or do
nothing for a given counter; a zero in the S field does not
disarm the counter.

ARM and DISARM commands canbeused to gate counter
operation on and offundersoftware control. DISARM com-
mandsenteredwhilea-counterisintheTCstatewillnottake
effect until the counter leaves·TC. This ensures that the
counter never latches up in a TC state. (The counter may
leave theTCstatebecauseofapplicationofa countsource
edge,executionofaLOADorLOADANDARMcommand,or
execution of a STEP command.)

Inmodes which alternate reload sources (Modes G-L), the
ARMing operation is used as a reset for the logic which
determineswhich reloadsource touseontheupcomingTC.

..
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FollowingeachARMorLOADANDARMcommand,acounter
inoneofthesemodeswillreloadfromtheHoldregisteronthe
firstTCand alternate reload sources thereafter(reload from
theLoadregisteronthesecondTC, theHoldregisteronthe
third, etc.).

Load Counters

1~ ~1Coding: C6 cs C4 C3 C2 C1
1 0 SS S4 S3 S2

Description:Anycombinationofcounters,asspecifiedintheS
field,willbeloadedwithpreviouslyenteredvalues.Thesource
ofinformation foreachcounterwill beeither the associated
LoadregisterortheassociatedHoldregister, asdetermined
bytheoperatingconfigurationintheModeregister.TheLoad/
Hold contents are notcl)anged. Thiscommandwill cause a
transferindependentofanycurrentoperatingconfigurationfor
thecounter. Itwm oftenbeusedasasoftwareretriggeroras
counter initialization prior to active hardware gating.

Ifa LOADorLOADANDARM command isexecutedduring
thecycleprecedingTC,thecounterwillgoimmediatelytoTC.
This occurs because the LOAD operation is performed by
generating a pseudo-count pulse internal to the Am9S13A,
andtheAm9S13AisexpectingtogointoTConthenextcount
pulse.Thereloadsourceusedtoreloadthecounterwillbethe
same as that which would have been used if the TCwere
generated by a source edge rather than by the LOAD
operation. ...

ExecutionofaLOADorLOAD1INOARMcoinmandwhilethe
counterisinTCwillcausetheTCtoend.ForArmedcounters
inallmodesexceptSorV,theLOADsoorc:eusedwillbethat
tobeusedfortheupcomingTC.(TheLOAOingoperationwill
notaltertheselectionofreloadsourcefortheupcomingTC.)
ForDisarmed counters inmodes exceptS orV, the reload
sourcesusedwillbetheLOADregister.FormodesSorV, the
reloadsourcewillbeselectedbytheGATEinput, regardless
of whether the counter is Armed or Disarmed.
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Special considerations apply when modes with alternating
reload sources are used (Modes G-L). If a LOAD command
drivesthecountertoTCinthesemodes,thereloadsourcefor
thenextTCwillbe from theopposilereloadlocation.Inother
words, theLOAD-generatedTCwill causethereloadsources
toalternate justas aTCgeneratedbya sourceedgewould.
Note that if a second LOAD command is Issued during the
LOAD-generatedTC(orduringanyotherTC, forthatmatter),
thesecondLOADcommandwillterminatetheTCandcausea
reload from the source designatedforusewith the nextTC.
ThesecondLOADwillnotalterthereloadsourceforthenext
TC since the second LOADdoes notgenerateaTC; reload
sources alternate on TCs only, not on LOAD commands.

Load and Arm Counters*

Coding: C7 C6 CS C4 C3 C2 C1 CO

o SS S4 S3 S2 S1

Description:Anycombinationofcounters,asspecifiedintheS
field, will be first loaded and then armed. This command is
equivalent to issuing a LOAD command and then an ARM
command.

A LOAD ANDARM commandwhich drives a counter toTC
generatesthesamesequenceofoperationsasexecu1ionofa
LOADcommandandthenanARMcommand.Inmodeswhich
disarmonTC (ModesA-Cand N-0,andModesG-1 andS tt
thecurrentTCisthesecondinthecycle),theARMpartofthe
LOADANDARMcommandwillre-enablecountingforanother
cycle. Inmodeswhichalternatereloadsources(ModesG-L),
the ARMing operationwill cause the nextTCto reload from
the HOLD register, irrespective of which reload source the
current TC used.
·This command should not be used during asynchronous
operations.

Disarm Counters

Coding: C7 C6 CS C4 C3 C2 C1 CO

SS S4 S3 S2 S1

Description:Anycombinationofcounters,asspecifiedbythe
Sfield,willbedisabledfromcounting.Adisarmedcounterwill
ceaseall counting independentofotherconditions.Theonly
exception to thisisthata counterintheTCstatewillalways
count once, in order to leave TC, before DISARMing. This
count may be generaied by a source edge, by a LOAD or
LOADANDARM command (the LOADANDARMcommand
willnegatetheDISARMcommand)orbyaSTEPcommand.A
disarmedcountermaybeupdatedusing'theLOADcommand
andmaybereadusingtheSAVEcommand.Acountprocess
may be resumed using an ARM command. See the ARM
command description for further details.

Save Counters·

Coding: C7 C6 CS C4 C3 C2 C1 CO

O S5 S4 S3 S2 S1

Description: Any combination ofcounters, as specifiedbyS
field,willhavetheircontentstransferredintotheirassociated
Holdregister.Thetransfertakesplacewithoutinterferingwith
any counting that may be underway. This command will
overwrite any previous Hold register contents. The SAVE
command is designed to allow anaccumulated count to be
preservedsothatitcanbereadbythehostCPUatsomelater
time.

Disarm and Save Counters

Coding: C6 CS C4 C3 C2 C1 CO

0 S5 S4 S3 S2 S1
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Description:Anycombinationofcounters,asspecifiedbythe
S field,willbedisarmed,'and thecontentsofthecounterwill
be transferred into the associated Holdregisters. This com-
mandisidenticaltoissuingaDISARMcommandfollowedbya
SAVE command.

Set TC Toggle Output

Coding: 1~ ~ ~ ~ C3 ~: ~~ ~ I
(001 ..;N"-101)

Description:TheinitialoutputlevelforTCTogglemodeisset
(HIGH) forcounterNselectedbyN4,N2,N1 =001 (Counter
1)thru101 (Counter5)respectively.Thiscommandconditions
theTCToggleflip-flop(seeFigure1-18),but.doesnotappear
at the counter outpu1 unless TC Toggle mode (CM2, CM1,
CMO=010) is selected.

Clear TC Toggle Output

Coding: C7 C6 CS C4 C3 C2 C1 CO

1 1 1 0 0 N4 N2 N1

(001 "- N"-101)

Description: The initial outpu1 level for TC Toggle mode is
Cleared (LOW) forcounterN selectedby N4, N2, N1 =001
(Counter1) thru 101 (Counter5) respectively.Thiscommand
conditions theTCToggle flip-flop (seeFigure 1-18,butdoes
not appear at the counter outpu1 unless TC Toggle mode
(CM2, CM1, CM0=010) is selected.

Step Counter

Coding: C7 C6 CS C4 C3 C2 C1 CO
1 1 O N4 N2 N1

(001,.;N"-101)

Description:CounterNisincrementedordecrementedbyone,
dependingonitsoperatingconfiguration. IftheCounterMode
registerassociatedwith the selectedcounterhasitsCM3 bit
cleared to zero, this command will cause the counter to
decrementbyone..IfCM3issettoalogichigh,thiscommand
will increment the counterbyone. TheSTEP commandwill
take effect even on a disarmed counter.

Load Data Pointer Register

Coding: C7 C6 CS C4 C3 C2 C1 CO

O O O E2 E1 G4 G2 G1

(G4, G2, G1 s=OOO,-a:110)

Description:Bitsin theEandG fieldswillbetransferredinto
the corresponding Element and Group fields of the Data
PointerregisterasshowninFigure1-8.TheBytePointerbitin
theDataPointerregisterissetTransfersintotheDataPointer
onlyoccurforG field valuesof001, 010, 011, 100, 101 and
111.Valuesof000and11OforGshouldnotbeused.Seethe
"SettingtheDataPointerRegister'' sectionofthisdocument
fc,r additional details.

Disable Data Pointer Sequencing

O)ding: I~ ~ ~ c: ~ c: ~1 c:I
Description:This commandsetsMasterModebit14without
affecting other bits in the Master Mode register. MM14
controls the au1omaticsequencingoftheDataPointerregis-
ter.Disablingthesequencingallowsrepe!iliYehostprocessor
access toagiveninternallocationwithoutrepetitiveupdating
oftheDataPointer.MM14mayalsobecontrolledbyloadinga
full word into the Master Mode register.
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Enable Data Pointer Sequencing

Coding: IC7 C6 cs C4 C3 C2 C1 CO
. 1 1 1 0 0 0 0

Description:ThiscommandclearsMasterModebit14without
affecting other bits in the Master Mode register. MM14
controlsthe automaticsequencing of theDataPointer regis-
ter.Enablingthesequencingallowssequentialhostprocessor
accesstoseveralinternallocationswithoutrepetitiveupdating
oftheDataPointer.MM14mayalsobecontrolledbyloadinga
fullwordintotheMasterModeregister.Seethe"DataPointer
Register" sectionof thisdocument foradditional information
on Data Pointer sequencing

Enable 16-Blt Data Bus

Coding: IC7 C6 CS C4 C3 C2 Cl CO
. 1 1 1 0

Description:This command setsMasterModebit 13without
affecting other bits in the Master Mode register. MM13
controlsthemultiplexerinthedatabusbuffer.WhenMM13is
set, nomultiplexing takesplaceandall 16externaldatabus
linesareusedtotransferinformationintoandoutoftheSTC.
MM13mayalsobecontrolledbyloadingthefullMasterMode
register in parallel.

Enable 8-Blt Data Bus

Coding: I~7 ~ cs. C4 ~ C2 C1 CO

Description:ThiscommandclearsMasterModebit13withou1
affecting other

0

bits in the Master Mode register. MM13
controlsthemultiplexerin thedatabusbuffer.WhenMM13is
cleared, themultiplexerisenabledand16-bitinternalinforma-
tion is transferred eightbits at a time to the eight low-order
external data bus lines. MM13 may also be controlled by
loading the full MasterMode register in paratlel.

Gate Off FOUT

Coding: I~7 C6 cs ~ C3 C2 C1 ~ 

Description:This commandsetsMasterModebit12without
affecting other bits in the Master Mode register. MM12
controlstheoutputstateoftheFOUTsignal.Whengatedoff,
the FOUTlinewill exhibitalow-impedanceto.ground.MM12
may also be controlled by loading the full Master Mode
register in parallel. ·

Gate On FOUT

Coding:
1~7 C6 cs ~ ~ C2 Cl ~ I

Description:ThiscommandclearsMasterModebit12without
affecting other bits in the Master Mode register. MM12

©NationalInstrumentsCorporation
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controlstheoutputstatusoftheFOUTsignal.WhenMM12is
cleared, FOUT will become active and will drive out the
selected and divided FOUT signal. MM12 may also be
controlledbyloadingthefullMasterModeregisterinparallel. .
When FOUT is gated on or off, a transient pulse may be
genera!ed on the FOUT signal.

Disable Prefetch for Write Operations

Coding: IC7 C6 CS C4 C3 C2 Cl~,
. 1 1 1 1 1 0 0 .

Description: This command disables the prefetch circuitry
duringWriteoperationsOf doesnotaffectRead operations).
This reduces thewri1e recovery limeand allows the user to
useblockmove instructionsforinitializationoftheAm9513A
registers. Once prefetch is disabled for writing, -an Enable
Prefetch forWrite ora Reset command is necessary to re-
enabletheprefetchcircuitryforwriting.Note:Thiscommandis
onlyavailable inAm9513'A' devi.ces; iiisan illegalcommand
in the "non-A Am9513" device.

Enable Prefetch for Write Operations

Coding: ,~ C6 cs C4 C3 C2 ~ ~,
. 1 1 1 1 1 0 0 .

Description: This command re-enables the prefetch circuitry
forWrite operations. Itis used only to terminate the Disable
PrefetchCommand.Note:Thiscommand is onlyavailable in
Am9513'A' devices; it is an illegal command in the "non-A
Am9513" device.

Master Reset

Coding: I~ C6 cs C4 C3 C2 t~I
Description:TheMasterResetcommandduplicatestheaction
ofthepower-onresetcircuitry. Itdisarmsall counters,enters
0000intheMasterMode,LoadandHoldregistersandenters
0900 (hex) in the Counter Mode registers.

Following either a power-up or software reset, the LOAD
commandshould be applied to all the counters to clearany
thatmaybe in aTC state. The DataPointer registershould
alsobesettoalegalvalue,sinceresetdoesnotinitializeiLA
complete·reset operation follows.

1.Using the procedure given in the "Command Initiation"
section ofthis document, enter theFF (hex) command to
perform a software reset. ·

2.Usingthe"CommandInitiation"procedure,entertheLOAD
command for all counters, opcode SF (hex).

3.Usingtheproceduregiveninthe"SettingtheDataPointer
Register"sectionotthisdocumen~settheDataPointerto
a· valid code. The legal Data Pointer codes are given in
Figure 1-9.

The MasterMode, CounterMode, Load and Hold registers
can nowbe initialized to the desiredvalues.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature......•....••.•••...•....-65'C to +150'C
VCC with Respect to VSS.....................-0.SV to +7.0V

Grade TA Vee VssAll Signal Voltages
with Respect to VSS.........................-0.SV to +7.0V Commercial o·e to 7o•e 5V ±5% OV

Power Dissipitation (Package Limttation)..................1.5W Industrial -40'C to 85'C 5V ±10% ov

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGSmaycausepermanentdevice failure. Functionality Operatingrangesdefine thoselimitsoverwhich the function-
atorabove these limits isnotimplied. Exposure toabsolute alityofthe device isguaranteed.
maximum ratings for extended periods may affect device
reliability. ' -·
DC CHARACTERISTICS over operating range unless otherwiSEl specified

Parameters De&crlptlon Test Conditions Min Typ Max Units

All Inputs Except X2 VSS-0.5 0.8
Vll Input Low Voltage Volts

X2 Input VSS-0.5 0.8

All Input Exeap1 X2 2.2V vcc
VoltsVlH Input High Voltage

X2 Input 3.8 vcc

VITH Input Hysteresis (SAC and GATE lnpu1s Only) 0.2 0.3 Volts

VOL Output Low Voltage IOL•3.2mA .0.4 Volts

YOH OutputHigh Voltage IOH• -200µA 2.4 Volts

IIX Input Load Current (Except X2) VSS,;;VlN.;;VCC ±10 µA

IIX Input Load Current X2 ±100 µA

102 Output Leakage Currant (Except X1) VSS+0.4,;;VOUT"- VCC ±25 µA
High-Impedance State

TA~-55'e 275

ICC VCC SupplyCurrent (Steady Slate) TA·o·c 255 mA

TA•+25'C 190 235

CIN InputCapacitance I•!MHz. TA•+25•c. 10

COUT OutputCapacitance An pins not under 15 pF

CIO IN/OUT capacitance test at ov. 20

SWITCHING TEST INPUT/OUTPUT WAVEFORMS c"

-

~ 

X1

..L18pF _L
2.4V x:2.0-- TEST -2.0x ~ CJ

O.S -POINTS- O~ T
0.4SV

..L18pF
X2

WF004810

~ 
TC002000

C!ystal is fundamental mode parallel resonant 32pF load capacitance lass1han 100SlESRCo lass than 100pF.

2-392

NB-MJ0-16XUserManual C-32

..

-

017310
Refer to page 7-1 for Essential Information on Mi:"tal'y [)ev;ees

©NationalInstrumentsCorporation



AppendixC AMDDataSheet

SWITCHING CHARACTERISTICS·over operating range unless otherwise specified (Notes 2, 3, 4)

Am9513A AmZ8073A

Parameters Description Figure Min Max Min Max Units

TAVRL CID Val;ct to Read Low 23 25 25 ns

TAVWH CIDValid toWrite High 23 170 170 ns

TCHCH X2 High to X2 High (X2 Period) 24 145 145 ns
TCHCL X2 High to X2 Low (X2 High PulseWidth) 24 70 10 ns

TCLCH X2 Low to X2 High (X2 Low Puls,,Width) 24 70 70 ns

TDVWH Date In Vaf!d to Write High 23 80 80 ns

TEHEH Count Source High to Count Source High 24 145 145 ns(Source Cycle Time) (Note 10)

TEHEL Count Source Puls,, Duration (Note 10) 24TELEH 70 70 ns

TEHFV Count Source High to FOUT var!d (Note 10) 24 500 500 ns

TEHGV Count Source High to Gate Valid (Level Gating Hold Tnne) 24 10 10 ns(Notes 10, 12, 13)

TEHRL Count Source High to Read Low (Set-up Time) (Notes 5, 10) 23 190 190 ns

TEHWH Count Source High to Write High (Set-up Time) (Notes 6, 10) 23 -100 -100 ns

ITC Output 24 300 300

TEHYV Count Source High to Out Valid (Note 10)IImmediate or Delayed Toggle Output 24 300 300 ns
IComparatorOutput 24 350 350

TFN FN High to FN+1 var!d (Note 14) 24 75 75 ns

TGVEH Gate Valid to CountSourceHigh (Level Gating Set-up Time) 24 100 100 ns(Notes 10, 12, 13)

TGVGV Gate var!d to Gate Valid (Gate Pulse Duration) (Notes 11, 13) 24 145 145 ns
TGVWH Gate Valid to Write High (Notes 6, 13) 23 -100 -100 ns
TRHAX Read High to C/15 Don't Care 23 0 0 ns

TRHEH Read High to Count Source High (Notes 7, 10) - 23 0 0 ns

TRHQX Read High to DataOut Invalid 23 10 10 ns

TRHOZ Read High to DataOu) at High-Impedance 23 85 85 ns(Data Bus ReleaS<> Time)

TRHRL Read High to Read Low (Read Recovery Time) 23 1000 1000 ns

TRHSH Read High to ~ High (Note 15) 23 0 0 ns

TRHWL Read High to Write Low (Read Recovery Time) 23 1000 1000 ns

TRLOV Read Low to DataOut Val;ct 23 110 110 ns
TRLOX Read Low to Data Bus Driven (Data Bus Drive Time) 23 20 20 -ns
TRLAH Read Low to Read High (Read Puls,, Duration) (Note 15) 23 160 160 ns

TSLAL ~ Low to Read Low (Note 15) 23 20 20 ns
TSLWH ~ Low to Write High (Note 15) 23 170 170 ns

TWHAX Write High to C/15 Don'tCare 23 20 20 ns
lWHDX Write High to Data In Don'tGare 23 20 20 ns

lWHEH Write High to CountSource High (Notes 8, 1o, 17) 23 550 550 ns

lWHGV Write High to Gate Varld (Notes 8, 13, 17) 23 475 475 ns

lWHRL Write High to Read Low (Write Recovery Time) 23 1500 1000 ns
.lWHSH Write High to~High (Note 15) 23 20 20 ns
lWHWL Write High toWrite Low (Write Recovery Time) 23 1500 1000 ns

lWHYV Write High toOut Valid (Note 9, 17) 23 650 650 ns
TWLWH Write Low toWrite High (Write Pulse Duration) (Note 15) 23 150 150 ns

In short data write mode TWHRL and 1WHWLminimun - 1ooons.

Notes: A (Address)=bft5

1.Typical values are forTA=25"G, nominal supply voltage
G (Clock)• X2
D (Data In)•OBO-DB15

and nominal processing parameters. E (Enableil coonter source lnpul)=SRC1-SAGS,
2.Test conditions assume transition times of 1Ons or less,

GATE1-GATE5, F1-1"5,TCN-1

timingreferencelevelsofO.SVand2.0Vandoutputloading
F=FOUT

of one TTL gate plus 1OOpF, unless otherwise noted. G (Counter gate il1pul)• GATE1-GATE5, TGN-1
a (DataOut)- OSO-OB15

3.Abbreviationsusedfortheswitchingparametersymbolsare R (Read)•RD
givenastheletterT followedbyfourorfivecharacters.The S (Cllip Select)• ~ 

first and third characters represent the signal names on W (Write)=WR ·-
which the measurements start and end. Signal abbrevia- Y (Output)- OUT1-0UT5
tions used are:

2-393
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Thesecondandfourth lettersdesignate the referencestates
ofthesignalsnamedin thefirsiand thirdlettersrespectively,
using the following abbreviations.

H=HIGH
L=LOW
V=VALID
X=Unknown or Don't care
Z=High-Impedance

4. Switching parameters are listed in alphabetical order.

5.Any inputtransition thatoccursbeforethisminimumsetup
requirementwillbereflected in thecontentsread from the
status register.

6.Anyinputtransition thatoccursbeforethisminimumsetup
requirementwillactonthecounterbeforetheexecutionof
theoperationinitiatedbythewriteand thecountermaybe
off by one count

7.Anyinputtransitionthatoccursafterthisminimumholdtime
is guaranteed tonot influence the contents read from the
status register on the current read operation.

8.Anyinputtransitionthatoccursafterthisminimumholdtime
isguaranteedtobeseenbythecounterasoccurringafter
the action Initiatedby thewrite operation and thecounter

' may be off by one count

9.Thisparameterappliestocaseswherethewrite operation
causes a change in the output bit

10.TheenabledcountsourceisoneofF1-F5,TCN-1 SRC1-
SRC5 orGATE1-GATE 5, as selected in the applicable
CounterModeregister. The timing diagramassumesthe

2-394

countercountsonrisinasourceedges.Thetiming specifi-
cations are the same for falling-edge counting.

11.Thisparameterappliestoedgegating(CM15-CM13= 110
or 111) and gating when both CM7=f and CM15-
CM13a=OOO. This parameter represents the minimum
GATEpulsewidthneededtoensurethatthepulseinitiates
counting or counter reloading.

12.This parameter applies to both edge and level gating
(CM15-CM13=001 through 111) and gating when both
·cM7= 1 and CM15-CM13=000. This parameter repre-
sentstheminimumsetuporholdtimestoensurethatthe
Gate input is seen at the intended level on the active
source edge and the countermay be off byone count

13.ThisparameterassumesthattheGATENAinputisunused
(16-bit bus mode) or is tied high. In cases where the
GATENA input is used, this timing specificationmustbe
met by both the GATE and GATENA inputs.

14.Signals F1-F5 cannotbe directlymonitored by the user.
Thephasedifferencebetweenthesesignalswillmanifest
itselfbycausingcountersusingtwodifferentFsignals to
countatdifferenttimesonnominallysimultaneoustransi-
tions in the F signals. F1 =X2.

15.ThistimingspecificationassumesthatGSisactivewhen-
ever RD or WR are active. GS may be held active
indefinitely.

16.ThisparameterassumesX2isdrivenfromanexternalgate
with a square wave.

17.Thisparameterassumesthatthewriteoperationlstothe
command register.

AppendixC

01731D
Refer to page 7•1 for Essential Information on Mr':rlary Oev;ce:s

NB-MI0-16XUserManual C-34 ©NationalInstrumentsCorporation



AppendixC AMDDataSheet

BUS TRANSFER SWITCHING WAVEFORMS >
3

ENABLED
covm
soooce
(NOTE10)

GA.TElNPVT
(NOTE tO')

cs
(HOTE15)

O\IT

EffABI.El)

COOHT
SOORCE
(NOTE10)

GATE
("OTE13)

FOUT

TEKEL

-~-t fT~L

COUNTER SWITCHING WAVEFORMS

TEHGV

) {T~~}

FH\ Ji~~., I \
FH+1
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AppendixD
CustomerCommunication

Foryourconvenience,thisappendixcontainsaformtohelpyougathertheinformation
necessarytohelpussolvetechnicalproblemsyoumighthaveaswellasaformyoucanuseto
commentontheproductdocumentation. FillingoutacopyoftheTechnicalSupponForm
beforecontactingNationalInstrumentshelpsushelpyoubetterandfaster.

NationalInstrumentsprovidescomprehensivetechnicalassistancearoundtheworld. IntheU.S.
andCanada,applicationsengineersareavailableMondaythroughFridayfrom8:00a.m.to
6:00p.m.(centraltime). Inothercountries,contactthenearestbranchoffice. Youmayfax
questionstousatanytime.

CorporateHeadquarters
(512)795-8248
Technicalsupportfax: (800)328-2203

(512)794-5678

BranchOffices
Australia
Austria
Belgium
Denmark
Finland
France
Germany
Italy
Japan
Netherlands
Norway
Spain
Sweden
Switzerland
U.K.

PhoneNumber
(03)8799422
(0662)435986
02n51.oo.20
45762600
(90)5272321
(1)48142400
089n4131 30
02/48301892
(03)3788-1921
03480-33466
32-848400
(91)6400085
08-7304970
056/2051 51
0635523545

©NationalInstrumentsCorporation D-1

FaxNumber
(03)8799179
(0662)437010-19
02n51.03.11
45767111
(90)5022930
(1)48142414
o89n146035
02/48301915
(03)3788-1923
03480-30673
32-848600
(91)6400533
08-7304370
056/2051 55
0635523154
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TechnicalSupportForm

Photocopythisformandupdateiteachtimeyoumakechangestoyoursoftwareorhardware,andusethecompleted
copyofthisformasareferenceforyourcurrentconfiguration. Completingthisformaccuratelybeforecontacting
NationalInstrumentsfortechnicalsupporthelpsourapplicationsengineersansweryourquestionsmoreefficiently.

IfyouareusinganyNationalInstrumentshardwareorsoftwareproductsrelatedtothisproblem,includethe
configurationformsfrom theirusermanuals. Includeadditionalpagesifnecessary.

Name

Company

Address

Fax {_)___________ Phone (_)_______________

Computerbrand

Operatingsystem

Model Processor --------

Speed

Mouse

______:MI-Iz RAM

____yes ____no

Harddiskcapacity ______:rvrn
Instrumentsused

______:rvrn Displayadapter

Otheradaptersinstalled

Brand

NationalInstrumentshardwareproductmodel-------- Revision

Configuration

NationalInstrumentssoftwareproduct

Configuration

Theproblemis

Listanyerrormessages

Thefollowingstepswillreproducetheproblem

Version



NB-MI0-16XHardwareandSoftware
ConfigurationForm

Recordthesettingsandrevisionsofyourhardwareandsoftwareonthelinetotherightofeachitem. Completea
newcopyofthisformeachtimeyoureviseyoursoftwareorhardwareconfiguration,andusethisformasa
referenceforyourcurrentconfiguration. CompletingthisformaccuratelybeforecontactingNationalInstruments
fortechnicalsupporthelpsourapplicationsengineersansweryourquestionsmoreefficiently.

NationalInstrumentsProducts

NB-:rvIT0-16XModelNumber(suchasNB-:rvIT0-16XL-42)

NI-DAQVersion

OtherProducts

MacintoshModel

TypeofVideoBoardInstalled

SystemVersion

ProgrammingLanguage

OtherBoardsinSystem



DocumentationCommentForm

NationalInstrumentsencouragesyoutocommentonthedocumentationsuppliedwithourproducts. This
informationhelpsusprovidequalityproductstomeetyourneeds.

Title: NB-MI0-16XUserManual

EditionDate: November1993

PartNumber: 320157-01

Pleasecommentonthecompleteness,clarity,andorganizationofthemanual.

Ifyoufinderrorsinthemanual,pleaserecordthepagenumbersanddescribetheerrors.

Thankyouforyourhelp.

Name

Title

Company~-------------------------------~

Address

Phone (___,___________

Mailto: TechnicalPublications
NationalInstrumentsCorporation
6504BridgePointParkway,MS53-02
Austin,TX 78730-5039

Faxto: TechnicalPublications
NationalInstrumentsCorporation
MS53-02
(512)794-5678



Index

16*/32CNTbit,4-10
2SCADC*bit,4-10

A

A2RCVbit,4-12
A4RCVbit,4-12
abbreviationsusedinthemanual,vi-vii
ACH<15..0>signalpins,2-15
NDClearRegister,4-16
NDconversions
multiple. SeemultipleNDconversions.
overview,3-5to3-7

NDFIFORegister
binaryformatofoutput,4-41 to4-42
description,4-26,3-5to3-6
readingNDconversionresult,4-42

ADC,16-bit,v
featuresof, 1-1
theoryofoperation,3-5

ADCcalibration,internal,4-40
ADI<3..0>bits,4-32
AD0<3..0>bits,4-33
A2DRVbit,4-12
A4DRVbit,4-12
AIGNDsignalpins,2-15
AISENSEpin,2-14
Am9513NAmZ8073ASystemTimingController
blockdiagram,C-2
characteristics,C-2
commanddescriptions,C-28toC-31
connectiondiagram,C-3
controlportregisters,C-7toC-9
countermodecontroloptions,C-25toC-28
countermodedescriptions,C-13toC-25
dataportregisters,C-10
description,detailed,C-6toC-7
description,general,C-2
interfaceconsiderations,C-5
mastermodecontroloptions,C-10toC-12
orderinginformation,C-3
pindescription,C-4
specifications,C-32toC-35

Am9513ACommandRegister,4-29
Am9513ACounterffimer
initializing,4-39to4-40
programming,4-73
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Index

theoryofoperation,3-11to3-13
Am9513ACounter/TimerRegisterGroup,4-27
Am9513ACommandRegister,4-29
Am9513ADataRegister,4-28
Am9513AStatusRegister,4-30

Am9513ADataRegister,4-28
Am9513AStatusRegister,4-30
AMUX-64Tmultiplexerboard,v,1-2
analoginputcalibration
bipolarinput,5-4to5-5
boardconfiguration,5-3to5-4
description,5-3
sampleaveraging,5-3
unipolarinput,5-5to5-6
voltages,5-4

analoginputcircuitry
descriptionof,3-5to3-6
diagramof,3-4
programming,4-41
AIDFIFOoutputbinaryformats,4-42to4-44
clearingtheanaloginputcircuitry,4-44
initiateAIDconversion,4-41
readAIDconversionresult,4-42
selectanaloginputchannelandgain,4-41

analoginputconfiguration
DIFFinput,2-4
inputmode,2-4
NRSEinput,2-6to2-7
RSEinput,2-5to2-6

AnalogInputRegisterGroup,4-22
AIDFIFORegister,4-26
Mux-CounterRegister,4-23
Mux-GainRegister,4-24to4-25

analoginputsignalconnections
commonmodesignalrejectionconsiderations,2-21
differentialconnectionconsiderations,2-17
differentialconnectionsforfloatingsignalsources,2-18to2-19
differentialconnectionsforgroundedsignalsources,2-17to2-18
floatingsignalsources,2-16
groundedsignalsources,2-16
instrumentationamplifier,2-14to2-16
overview,2-14to2-15
single-endedconnections
considerations,2-20
forfloatingsignalsources,2-20
forgroundedsignalsources,2-21

analoginputspecifications,A-1 toA-2
analogoutputcalibration
bipolaroutput,5-7to5-8
boardconfiguration,5-6
overview,5-6
unipolaroutput,5-8to5-9

analogoutputcircuitry
descriptionof,3-8to3-9
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diagramof,3-8
initializing,4-41
programming,4-70to4-72

analogoutputconfiguration,2-9
bipolaroutputselection,2-10to2-11
externalreferenceselection,2-9
internalreferenceselection,2-9to2-10
unipolaroutputselection,2-12

AnalogOutputRegisterGroup,4-19
TMRINTCLRegister,4-21

analogoutputsignalconnections
analogoutputconnections,2-22to2-23
description,2-22to2-23

analogoutputspecifications,A-4
AOGNDpin,2-22

B

BDI<3..0>bits,4-32
BD0<3..0>bits,4-33
binarymode,straight. Seestraightbinarymode.
bipolarinput
calibrationprocedure,5-4to5-5
rangefor,2-7

bipolaroutput
calibrationprocedure,5-7to5-8
selectionofsettings,2-10to2-12

boardconfiguration,2-1
forcalibration,5-3to5-4
partslocatordiagram,2-3

BP*/UPbit,4-8
BYTEPTRbit,4-30

C

C<7..0>bits,4-29
cablingconsiderations,2-33
calibration
analoginputcalibration
bipolarinput,5-4to5-5
boardconfiguration,5-3to5-4
description,5-3
sampleaveraging,5-3
unipolarinput,5-5to5-6

analogoutputcalibration
bipolaroutput,5-7to5-8
boardconfiguration,5-6
overview,5-6
unipolaroutput,5-8to5-9

equipmentrequirements,5-1
trimpots,5-2

channelscanning. SeemultipleNDconversions,programming.
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CLK<2..0>bits, 4-9
CMPLINTbit,4-6
CMPLINTENbit,4-9
CommandRegister1,4-8to4-10
CommandRegister2,4-11to4-12
commonmodesignalrejectionconsiderations,2-21 to2-22
configuration. Seesetupandconfiguration.
ConfigurationandStatusRegisterGroup,4-5
CommandRegisterl,4-8to4-10
CommandRegister2,4-11 to4-12
StatusRegister,4-6to4-7

configurationEPROM,4-37
continuouschannelscanning. SeemultipleNDconversions,programming.
CONVAVAILbit,4-6
conversionspeeds,forNB-MI0-16X,1-2to 1-3
CONVINTENbit,4-9
Counter/Timer,Am9513. SeeAm9513ACounter/Timer.
customersupport,viii

D

D<l1..0>bits,4-20
D<15..0>bits,4-26,4-28
DACO,DACl,DACOandDAClRegisters,4-20
DACOOUTsignalpin,2-22
DAClOUTsignalpin,2-22
DACs,12-bit,v
featuresof, 1-1
theoryofoperation,3-8to3-9

DAQENbit,4-9
DAQPROGbit,4-6
dataacquisition. Seealsoprogramming.
diagramofanaloginputanddataacquisitioncircuitry,3-4
resettinghardwareafter
counter2,4-68
counter3,4-68
counter4,4-69
counter5,4-69

specifications
multiple-channel,A-3
single-channel,A-3

timingcircuitry
multiple-channeldataacquisition,3-7
overview,3-6to3-7
single-channeldataacquisition,3-7

timingconnections,2-26to2-28
differentialconnections
considerationsfor,2-17
forfloatingsignalsources,2-18to2-19
forgroundedsignalsources,2-17to2-18

differentialinput,2-4
DIGGNDpin,2-23
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digitalJ/0circuitry,v, 1-1
descriptionof,3-9to3-10
diagramof,3-10
programming,4-72
specifications,A-4

DigitalJ/0RegisterGroup,4-31
DigitalInputRegister,4-32
DigitalOutputRegister,4-33

digitalJ/0signalconnections,2-23to2-25
DMAoperations,programming,4-76to4-77
DMAA<2..0>bits,4-11
DMAENbit,4-9
DOUTAENbit,4-11
DOUTBENbit,4-11

E

equipment,optional,1-4
eventcounting,2-28to2-29
EventStrobeRegisterGroup,4-13
NDClearRegister,4-16
ExternalMultiplexerStrobeRegister,4-17
InternalCalibrationRegister,4-18
StartConvertRegister,4-14
StartDAQRegister,4-15

EXTCONV*dataacquisitiontimingsignal,2-26to2-27,4-13,3-6,3-15
controllingmultipleNDconversionswith,4-54to4-55

ExternalMultiplexerStrobeRegister,4-17
externalreferenceselection,2-9
externaltimingconsiderations
formultipleNDconversions,4-49to4-55
forscanneddataacquisition,4-67

EXTREFpin,2-22
EXTSTROBE*dataacquisitiontimingsignal,2-26,3-10,4-17

F

fieldwiringandcabling
cablingconsiderations,2-33
fieldwiring,2-32to2-33

floatingsignalsources,2-16
differentialconnections,2-18to2-19
single-endedconnections,2-20

FOUTdataacquisitiontimingsignal,2-28,2-30,2-31
frequency,measuring,2-29to2-30

G

GAIN<l..0>bits,4-7,4-24
gainrangesandsettings,forNB-MI0-16X,1-3
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GATEtimingsignal,2-28to2-32,3-12to3-13,3-15
generalpurposetimingsignalconnections
event-countingapplication,2-28to2-29
frequencymeasurementapplication,2-29to2-30
general-purposetimingsignals(illustration),2-31
signalsfor, 2-28
specificationsandratings,2-30to2-31

groundedsignalsources,2-16

I

differentialconnections,2-17
single-endedconnections,2-20

initializingtheNB-MI0-16Xboard,4-38to4-39
initializingtheAM9513A,4-39to4-40
initializingtheanalogoutputcircuitry,4-41
initializingtheRTSIbusswitch,4-39
performinginternalADCcalibration,4-40

inputconfiguration,analog. Seeanaloginputconfiguration.
inputpolarityandrange
jumpersettings,2-7
rangeandmeasurementprecisionvs. inputrangeselectionandgain,2-8
ranges,selecting,2-7to2-8

inputsignalconnections,analog. Seeanaloginputsignalconnections.
installation,2-13. Seealsosetupandconfiguration.
unpackingtheNB-MI0-16X,1-5

instrumentationamplifier,2-14to2-16,3-5
INT*bit,4-6
InternalCalibrationRegister,4-18
internalreferenceselection,2-9to2-10
interruptprogramming,4-77to4-78
intervalchannelscanning. SeemultipleAIDconversions,programming.

J

jumpersettings

L

chartof,2-2
factorydefault,2-1
forbipolaroutput,2-10to2-12
fordifferentialinput,2-4to2-5
forexternalreferencesignal,2-9
forinputpolarityandinputrange,2-7
forinternalreferencesignal,2-9to2-10
forNRSEinput,2-6to2-7
forRSEinput,2-5to2-6
forunipolaroutput,2-12

LabVIEWsoftware,1-4
LASTONEbit,4-23
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M

MA<2..0>bits,4-7
MA<3..0>bits,4-25
MC<3..0>bits,4-23
multipleNDconversions,programming
withcontinuouschannelscanning,4-56
applyatrigger,4-60
clearNDcircuitryandresetmuxcounter,4-59
definition,4-55
enablescanningdataacquisitionoperation,4-59
programsample-intervalcounter,4-57
programthesamplecounter,4-58to4-59
round-robinapproach,4-55
servicethedataacquisitionoperation,4-60
setupanalogchannelandgainselectionsequence,4-56

externaltimingconsiderations,4-49
controllingconversionswithEXTCONV*signal,4-54to4-55
pretriggeringwiththeSTOPTRIGsignal,4-49to4-53

withintervalchannelscanning,4-61
applyatrigger,4-66
cleartheNDcircuitryandresetthemuxcounter,4-66
definition,4-55
enablethescanningdataacquisitionoperation,4-66
programthesamplecounter,4-63to4-64
programthesample-intervalcounter,4-62to4-63
programthescan-intervalcounter,4-65
pseudo-simultaneousscanning,4-55
servicethedataacquisitionoperation,4-66to4-67
setuptheanalogchannelandgainselectionsequence,4-61to4-62

onasingleinputchannel,4-43
applyatrigger,4-48
clearNDcircuitry,4-48
enabledataacquisitionoperation,4-48
programthesamplecounter,4-46to4-48
programthesample-intervalcounter,4-45to4-46
selectanaloginputchannelandgain,4-45
servicedataacquisitionoperation,4-48to4-49

multiple-channeldataacquisition,3-7
multiplexer
inputmultiplexer,3-5
modeselectionjumpers,3-5

Mux-CounterRegister,4-23
mux-gainmemory,3-5
theoryofoperation,3-7

Mux-GainRegister,4-24to4-25
MUXCTRCLKsignal,3-7
MUXOENbit,4-7
MUXlENbit,4-7
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N

NB-MI0-16X
blockdiagram,3-1
contentsofkit,1-3
definition,v
features, 1-1
functionaloverview,3-1 to3-2
generaldescription,1-2to 1-3
illustrationof,1-2
optionalequipmentfor, 1-4
relateddocumentation,vii
softwarepackagesforusewith,1-3to 1-4
versionsof,1-2to 1-3

NBINTDISbit,4-11
NI-DAQsoftwareforMacintosh,1-3
noisepickup,minimizing,2-32to2-33
NRSEinput,2-6to2-7
NuBusinterfacecircuitry,3-2to3-3

0

operatingenvironmentspecifications,A-5
OUT<5..1>bits,4-30
OUTtimingsignal,2-28,2-30to2-32,3-12to3-13,3-15
outputconfiguration,analog. Seeanalogoutputconfiguration.
outputsignalconnections,analog. Seeanalogoutputsignalconnections.
overflowandoverrunconditions,4-48,4-53,4-54,4-60
OVERFLOWbit,4-7
OVERRUNbit,4-7

p

partslocatordiagram,2-3
pindescription,forAM9513NAmZ8073ASystemTimingController,C-4
pinout,forNB-MI0-16XI/0connector,B-1,2-14
powerconnections,2-25
powerrequirementsfromNuBus,A-5
programming. Seealsoregister.
Am9513Acounter/timer,4-73
analoginputcircuitry,4-41
AIDFIFOoutputbinaryformats,4-42to4-43
clearingtheanaloginputcircuitry,4-44
initiateAIDconversion,4-41
readAIDconversionresult,4-42
selectanaloginputchannelandgain,4-41

analogoutputcircuitry,4-70to4-72
digitalI/0circuitry,4-72
OMAoperations,4-76to4-77
externaltimingconsiderations,multipleAIDconversions,4-49
controllingconversionswithEXTCONV*signal,4-54to4-55
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pretriggeringwiththeSTOPTRIGsignal,4-49to4-53
initializingtheNB-MI0-16Xboard,4-38to4-39
initializingtheAm9513A,4-39to4-40
initializingtheanalogoutputcircuitry,4-41
initializingtheRTSIbusswitch,4-39
performinginternalADCcalibration,4-40

interruptprogramming,4-77to4-78
multipleNDconversionsonasingleinputchannel,4-44
applyatrigger,4-48
clearNDcircuitry,4-48
enabledataacquisitionoperation,4-48
programthesamplecounter,4-46to4-48
programthesample-intervalcounter,4-45to4-46
selectanaloginputchannelandgain,4-45
servicedataacquisitionoperation,4-48to4-49

multipleNDconversionswithcontinuouschannelscanning,4-56
applyatrigger,4-60
clearNDcircuitryandresetmuxcounter,4-59
definition,4-55
enablescanningdataacquisitionoperation,4-59
programsample-intervalcounter,4-57
programthesamplecounter,4-58to4-59
round-robinapproach,4-55
servicethedataacquisitionoperation,4-60
setupanalogchannelandgainselectionsequence,4-56

multipleNDconversionswithintervalchannelscanning,4-61
applyatrigger,4-66
cleartheNDcircuitryandresetthemuxcounter,4-66
definition,4-55
enablethescanningdataacquisitionoperation,4-66
programthesamplecounter,4-63to4-64
programthesample-intervalcounter,4-62to4-63
programthescan-intervalcounter,4-65
pseudo-simultaneousscanning,4-55
servicethedataacquisitionoperation,4-66to4-67
setuptheanalogchannelandgainselectionsequence,4-61to4-62

registerprogrammingconsiderations,4-38
RTSIswitch
programmingconsiderations,4-73
programmingof,4-75to4-76
signalconnectionconsiderations,4-74

pulseandsquarewavegeneration,2-28
pulse-widthmeasurement,2-29

R

range,input. See inputpolarityandrange.
Real-TimeSystemIntegration(RTSI)bus. SeeRTSIbus.
register
AnalogInputRegisterGroup,4-22

NDFIFORegister,4-26
Mux-CounterRegister,4-23
Mux-GainRegister,4-24to4-25
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AnalogOutputRegisterGroup,4-19
DACO,DACl,DACOandDAClRegisters,4-20
TMRINTCLRegister,4-21

ConfigurationandStatusRegisterGroup,4-5
CommandRegister1,4-8to4-10
CommandRegister2,4-11to4-12
StatusRegister,4-6to4-7

Counter/TimerRegisterGroup,4-27
AM9513ACommandRegister,4-29
AM9513ADataRegister,4-28
AM9513AStatusRegister,4-30

description,4-4
DigitalJ/0RegisterGroup,4-31
DigitalInputRegister,4-32
DigitalOutputRegister,4-33

EventStrobeRegisterGroup,4-13
NDClearRegister,4-16
ExternalMultiplexerStrobeRegister,4-17
InternalCalibrationRegister,4-18
StartConvertRegister,4-14
StartDAQRegister,4-15

map(chart),4-3
programmingconsiderations,4-38
registersizes,4-3
RTSISwitchRegisterGroup,4-34
RTSISwitchShiftRegister,4-35
RTSISwitchStrobeRegister,4-36

slotaddressspace,4-1to4-2
resettinghardwareafterdataacquisitionoperation
counter2,4-68
counter3,4-68
counter4,4-69
counter5,4-69

RSEinput,2-5to2-6
RSIbit,4-35
RTSIbus
featuresof, 1-1
initializingtheRTSIbusswitch,4-39
interfacecircuitry
description,3-13to3-15
diagramof,3-14

programming
procedurefor,4-75to4-76
programmingconsiderations,4-73
signalconnectionconsiderations,4-74
switchcontrolpattern,4-75

RTSISwitchRegisterGroup,4-34
RTSISwitchShiftRegister,4-35
RTSISwitchStrobeRegister,4-36

RTSIWGsignal,3-15
RTSIWGENbit,4-8
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s
samplecounter,programming,4-46to4-48,4-51 to4-52,4-58to4-59,4-63to4-64,3-6to3-7
sample-intervalcounter,programming,4-45to4-46,4-50to4-51,4-57,4-62to4-63,3-6
scaninterval,4-55
scansequence,4-55
SCANCLKdataacquisitiontimingsignal,2-26,3-7
SCANDIVbit,4-9
SCANENbit,4-9
SCN2bit,4-8
setupandconfiguration
analoginputconfiguration
DIFFinput,2-4
inputmode,2-4
NRSEinput,2-6to2-7
RSEinput,2-5to2-6

analogoutputconfiguration
externalreferenceselection,2-9
internalreferenceselection,2-9to2-10
polarityselection,2-10to2-12

boardconfiguration,2-1
partslocatordiagram,2-3

fieldwiringandcabling
cablingconsiderations,2-33
fieldwiring,2-32to2-33

inputpolarityandrange
chartof,2-7
jumperpositions,2-7
ranges,selecting,2-7to2-8

jumpersettings,2-1 to2-2
signalconnections
analoginputsignalconnections,2-14to2-16
analogoutputsignalconnections,2-22to2-23
digitalI/0signalconnections,2-23to2-25
overview,2-13
pinoutforNB-MI0-16XI/0connector,B-1,2-14
powerconnections,2-25
timingconnections,2-26to2-32

signalconnections
analoginputsignalconnections
commonmodesignalrejectionconsiderations,2-21 to2-22
differentialconnectionconsiderations,2-17
differentialconnectionsforfloatingsignalsources,2-18to2-19
differentialconnectionsforgroundedsignalsources,2-17to2-18
floatingsignalsources,2-16
groundedsignalsources,2-16
inputrangesforACH<15..0>,2-15
maximumratingsforACH<15..0>,2-15
overview,2-14to2-16
single-endedconnectionconsiderations,2-20
single-endedconnectionsforfloatingsignalsources,2-20
single-endedconnectionsforgroundedsignalsources,2-21

analogoutputsignalconnections
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analogoutputconnections,2-22to2-23
description,2-22to2-23

digitalI/0signalconnections,2-23to2-24
overview,2-13
pinoutforNB-MI0-16XI/0connector,B-1,2-14
possibledamage,2-13,2-15
powerconnections,2-25
timingconnections
dataacquisitiontimingconnections,2-26to2-28
generalpurposetimingsignalconnections,2-28to2-32

single-endedconnections
considerationsfor,2-20
forfloatingsignalsources,2-20
forgroundedsignalsources,2-21

single-endedinput
NRSEinput,2-6to2-7
RSEinput,2-5to2-6

singleinputchannel,programming. SeemultipleNDconversions,programming.
slotaddressspace,4-1 to4-2
software,forusewiththeNB-MI0-16X,1-3to1-4
SOURCEtimingsignal,2-28to2-32,3-12to3-13,3-15
specifications
forAM9513AfAmZ8073ASystemTimingController,C-32toC-35
analogdataacquisitionrates
multiple-channel,A-3
single-channel,A-3

analoginput,A-1toA-2
analogoutput,A-4
digitalinput/output,A-4,2-23,2-30to2-31
operatingenvironment,A-5
physical,A-5
powerrequirement,A-5
storageenvironment,A-5
timinginput/output,A-5.

squarewavegeneration,2-28
StartConvertRegister,4-14
StartDAQRegister,4-15
STARTTRIG*dataacquisitiontimingsignal,2-27to2-28,4-15,3-7,3-15
StatusRegister,4-6to4-7
STOPTRIGdataacquisitiontimingsignal,2-28,3-7,3-15
pretriggeringwith,4-49to4-53

storageenvironmentspecifications,A-5
straightbinarymode
NDconversionvalues,4-42to4-43
forbipolaroutputselection,2-11

support,technical,viii

T

technicalsupport,viii
timelapse,measuring,2-29
TIMERUPbit,4-7
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timing,external. Seeexternaltimingconsiderations.
timingcircuitry,dataacquisition. Seedataacquisition.
timingconnections,2-26
dataacquisitiontimingconnections,2-26to2-28
generalpurposetimingsignalconnections,2-28to2-32

timingI/0circuitry
blockdiagram,3-11
counterblockdiagram,3-12
description,3-11to3-13
specifications,A-5

TMRINTCLRegister,4-21
TMRINTENbit,4-8
TMRWGENbit,4-8
two'scomplementmode
NDconversionvalues,4-43
forbipolaroutputselection,2-12

u
unipolarinput
calibrationprocedure,5-5to5-6
rangefor,2-7

unipolaroutput
calibrationprocedure,5-8to5-9
selectionofsettings,2-12

unpackingtheNB-MI0-16X,1-5

V

voltageoutputvs.digitalcode,4-70to4-72
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