COMPREHENSIVE SERVICES APEX WAVES

We offer competitive repair and calibration services, as well as easily
accessible documentation and free downloadable resources.

Bridging the gap between the
SELL YOUR SURPLUS manufacturer and your legacy

v ) test system.
We buy new, used, decommissioned, and surplus parts from every NI series.

We work out the best solution to suit your individual needs.

Sell For Cash Get Credit Receive a Trade-In Deal
O 1-800-915-6216

@ www.apexwaves.com

OBSOLETE NI HARDWARE IN STOCK & READY TO SHIP

We stock New, New Surplus, Refurbished, and Reconditioned NI Hardware.

9 sales@apexwaves.com

Alltrademarks, brands, and brand names are the property of their respective owners.

Request a Quote =cucxswe SCX]-1162


https://www.apexwaves.com/modular-systems/national-instruments/scxi/SCXI-1162?aw_referrer=pdf
https://www.apexwaves.com/modular-systems/national-instruments/scxi/SCXI-1162?aw_referrer=pdf
https://www.apexwaves.com/modular-systems/national-instruments/scxi/SCXI-1162?aw_referrer=pdf

NI-DAQ"

Software Reference Manual
for Macintosh

Version 4.8

Data Acquisition Software for the Macintosh

February 1996 Edition
Part Number 371345A-01

© Copyright 1991, 1996 National Instruments Corporation.
All Rights Reserved.



National Instruments Corporate Headquarters
6504 Bridge Point Parkway

Austin, TX 78730-5039

(512) 794-0100

Technical support fax: (512) 418-1111

Branch Offices:

Australia 03 9 879 9422, Austria 0662 45 79 90 0, Belgium 02 757 00 20, Canada (Ontario) 519 622 9310,

Canada (Québec) 514 694 8521, Denmark 45 76 26 00, Finland 90 527 2321, France 1 48 14 24 24,

Germany 089 741 31 30, Hong Kong 2645 3186, Italy 02 413091, Japan 03 5472 2970, Korea 02 596 7456,
Mexico 95 800 010 0793, Netherlands 0348 433466, Norway 32 84 84 00, Singapore 2265886, Spain 91 640 0085,
Sweden 08 730 49 70, Switzerland 056 200 51 51, Taiwan 02 377 1200, U.K. 01635 523545



Limited Warranty

The media on which you receive National Instruments software are warranted not to fail to execute programming
instructions, due to defects in materials and workmanship, for a period of 90 days from date of shipment, as
evidenced by receipts or other documentation. National Instruments will, at its option, repair or replace software
media that do not execute programming instructions if National Instruments receives notice of such defects during
the warranty period. National Instruments does not warrant that the operation of the software shall be uninterrupted
or error free.

A Return Material Authorization (RMA) number must be obtained from the factory and clearly marked on the
outside of the package before any equipment will be accepted for warranty work. National Instruments will pay the
shipping costs of returning to the owner parts which are covered by warranty.

National Instruments believes that the information in this manual is accurate. The document has been carefully
reviewed for technical accuracy. In the event that technical or typographical errors exist, National Instruments
reserves the right to make changes to subsequent editions of this document without prior notice to holders of this
edition. The reader should consult National Instruments if errors are suspected. In no event shall National
Instruments be liable for any damages arising out of or related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, NATIONAL INSTRUMENTS MAKES NO WARRANTIES, EXPRESS OR IMPLIED,
AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. CUSTOMER 'S RIGHT TO RECOVER DAMAGES CAUSED BY FAULT OR NEGLIGENCE ON THE PART
OF NATIONAL INSTRUMENTS SHALL BE LIMITED TO THE AMOUNT THERETOFORE PAID BY THE CUSTOMER.
NATIONAL INSTRUMENTS WILL NOT BE LIABLE FOR DAMAGES RESULTING FROM LOSS OF DATA, PROFITS,
USE OF PRODUCTS, OR INCIDENTAL OR CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY
THEREOF. This limitation of the liability of National Instruments will apply regardless of the form of action,
whether in contract or tort, including negligence. Any action against National Instruments must be brought within
one year after the cause of action accrues. National Instruments shall not be liable for any delay in performance due
to causes beyond its reasonable control. The warranty provided herein does not cover damages, defects,
malfunctions, or service failures caused by owner's failure to follow the National Instruments installation, operation,
or maintenance instructions; owner's modification of the product; owner's abuse, misuse, or negligent acts; and
power failure or surges, fire, flood, accident, actions of third parties, or other events outside reasonable control.

Copyright

Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or
mechanical, including photocopying, recording, storing in an information retrieval system, or translating, in whole or
in part, without the prior written consent of National Instruments Corporation.

Trademarks

LabVIEW®, NI—488®, NI—DAQ®, RTSI®, and DAQCardTM are trademarks of National Instruments Corporation.

Product and company names listed are trademarks or trade names of their respective companies.



WARNING REGARDING MEDICAL AND CLINICAL USE
OF NATIONAL INSTRUMENTS PRODUCTS

National Instruments products are not designed with components and testing intended to ensure a level of reliability
suitable for use in treatment and diagnosis of humans. Applications of National Instruments products involving
medical or clinical treatment can create a potential for accidental injury caused by product failure, or by errors on the
part of the user or application designer. Any use or application of National Instruments products for or involving
medical or clinical treatment must be performed by properly trained and qualified medical personnel, and all
traditional medical safeguards, equipment, and procedures that are appropriate in the particular situation to prevent
serious injury or death should always continue to be used when National Instruments products are being used.
National Instruments products are NOT intended to be a substitute for any form of established process, procedure, or
equipment used to monitor or safeguard human health and safety in medical or clinical treatment.



Contents

About This Manual

.................................................................................................................................. xvii

Assumption of Previous KNOWIEAEZE .......cceevuiiiiiiiiiiiiiiiicisietetee ettt Xvii

Organization Of This ManUAl ..........ccceeviiiiiiiiiiiiieieee ettt et e st sb e st e e beesebeeseesases Xvii

Conventions Used in This ManUal...........c.cccoeriiiiiiiiiiniinieienceeeeete ettt et Xviii
About the National Instruments DOCUMENTAtION SEL ......cc.ceevuiiiiiriiiiiieriieiierie ettt Xix
CUStOMET COMMUIICAION ....eeetentieuteeteetestterteeiteste e tesbeentesteente st eenteeseeseeaeesseeneesseansesseensesseenseeseenseeneenseenes Xix

Chapter 1

Getting STATTEA..................ooii e 1-1
NI-DAQ for MacintoSh OVEIVIEW .......ccc.eiiiiuiiiiiiiii ettt ettt e et eeeae e e et eeetee e eeaeeeeetaeeeeareeeeaneas 1-3
NI-DAQ for Macintosh Hardware Compatibility ........c..ccccerervieneriieneniienieniincenicecenceeeneaen 1-3
NI-DAQ for MacintoSh CIONES ..........cccueieeiuiieiiiieeiiieeeiee et e et e eeireeesveeeereeesaaeeeseaeeeeeseeesaneas 1-3
NI-DAQ for Macintosh FUnction SUMMATY ........ccccceeiiiiiiiniiniiiinienieeitenieeite et 1-4
Installing the NI-DAQ Software for Use with LabVIEW ..o, 1-4
Installing Your National Instruments HardWare.............ccooouiiieiinieiinieieese et 1-5
Installing Your SCXI HardwWare ..........cccoceerueiiiriiiieieiiesieetesieete ettt 1-5
Installing the NI-DAQ for Macintosh SOftWare .........cocererieiiiriinieiieeecee ettt 1-6
Using the NI-DAQ Control Panel to Configure Your Hardware ...........ccocceeceeviienieniiinienieiieenieeieee 1-7
DIEVICES «.eeentieiteieetete ettt et sttt ettt et sa et sttt et ean e ean e ne e 1-7
Device CONfIgUIALION .......ccuieuiiiiieieiieieieeiestee ettt e st s san e eanesneeas 1-8
SCXT CONFIGUIALION . ...c..euvititeureieieiietetettetete ettt sttt st et s et ettt et ese st eatebeebesbesaestesrenee 1-9

Using the NI-DAQ for Macintosh Language Interfaces...........ccccooeeuinieiinieniiieniieneee e 1-11

LUIDIATIES 1.ttt bttt sttt sttt s b e bbbt et b e bbbttt sbe et sbee b eaeen 1-11

INCIUAE FAIES ...neiiiniiiieiieee ettt st st be e e i e 1-12

DALA TYPES ettt ettt ettt et e sttt e st e et esa e e bt e at e e bt e s ab e et e e s abeeabeeshbeebeenaten 1-13

EITOT COURS ..ttt ettt ettt et at e st e s bt et e s bt e s bt e baeeabeesaeesats 1-13

Using NI-DAQ for Macintosh With C/CH+.....c.ooiiiiiiiiiieeeeeeeee et 1-13

Using NI-DAQ for Macintosh with Pascal ..........ccccoooiiiiiiiiiiiece e 1-14

Using NI-DAQ for Macintosh with BASIC ........cocooiiiiiiiiiiiececteceeeeeeeeeeae 1-15

Chapter 2

Board-Specific FUNCLIONS ... 2-1
Board-Specific FUNCHONS ....c..cotiriiiiiiieieieeerteeete ettt ettt sttt sae e 2-1
A2000_CalIDIALE ....couveererieireiieieetietenttet ettt ettt sat e s b st ean bt essesae et sae e st ennesaeen 2-2
A2000_CONTIZ .ottt ettt ettt ettt sttt a et ettt at et e be bt be st beee 2-3
A2T00_CAlIDIALE ....eeeuveevieeiieiieeteeiie et esteete et e ete e teesbeebeeseseesseessseessaessseenseesssansseesssennseessseas 2-4
A2T00_CONTIZ .ottt ettt et st sttt et et eae b b sae st ne 2-5
A2T50_CONTIZ .ttt ettt et 2-6
) 220 Y Ve« I 1 B SRR RUROPPPRRRRIRt 2-7
LR To Y Vg B L= RN 2-8

Calibrate_1200 .....eoviruiriiieienetetee ettt sttt ettt b e sttt b e naeeen 2-12

CAlIDIALE_ B SEIIES eeeeeeeeeeeeeeeee et e e e e et e e e e e e e e e e e e e e e e e eeeeeeeeeeeeseeeeseaaaaaaaaas 2-14

Get_DAQ _DeVIiCe_INTO.....uiiiiiiiieiie ettt ettt ettt e 2-17

Master_S1ave_CONTIZ ...coueeiiriiiiiriieieteee ettt sttt st e e nbeeas 2-18

MIO_TOX _CONTIZ .ttt ettt sttt ettt et ettt et ebe bbb b e 2-19

IMIO _CONTIZ .ttt ettt ettt et e st e bt e sab e e bt e sabeenbeesabeebeesabeesstesnseenne 2-20

SC_2040_CONTIG vttt sttt ettt ettt et be et ebe b s bt st be e 2-20

Y ST AN 5 ¥ -1 OO RUSORRTURRP 2-21

Set_ DAQ _DeVICE_INTO ..c..uiiiiiiiieeie et ettt et e 2-29

© National Instruments Corporation v NI-DAQ Software Reference Manual for Macintosh



Contents

Chapter 3
Analog INput FUNCLIONS .............cc.ooooooiiiiie e 3-1
Single-Channel Analog INPUL ........c..coiiiiiiiiiiiiie e 3-1
NB-MIO-16 ANAIOZ INPUL ...ttt sttt e e e e eae 3-1
NB-MIO-16X ANalog INPUL....c..ooiiiiiiiiiiieitee ettt sttt etenaens 3-1
Lab and 1200 Series ANalog INPUL ........cocoeviiiiiriiiiiieiieiceteetecee ettt 3-2
DAQCard-500 and DAQCard-700 Analog INPUL ....cccueerieeriiiiiieienieeieeeieeee e 3-3
SCXT ANAIOZ INPUL ...ttt ettt sttt e st st e bt ebeesbeesabeesaeesanes 3-3
Single-Channel Analog Input Function SUMmMAry ...........c.ccoccirieiiiieninienineeeeeeeeese e 3-3
AT CECK .o e e e e e e e e e e e e et e et et eeeeeeeeeeeseseaaaaasesss s eeeneeeeeee 3-5
AT CLEAT ettt ettt e e e e e e e e e e e e e e e e e e e s e s e e aaaaeeteteeaeaeeeesesessesaseaaanans 3-5
AT_CONTIGUIE ...ttt ettt ettt ettt sb et sbe e e sbeeaesaeen 3-6
ALLMUX_CONTIZ .ttt ettt ettt et e st e et e sab e e baesnbeesbeesabaeseesaseesssesnseenns 3-7
F N =T T R RRUROPRTRRRRINt 3-8
AT REAA_SCAN ..ottt e et e e e e e e e e e e tar e e e e e e tarb e e e e e enrraeaas 3-9
AL LSCIUP ettt ettt ettt ettt e b e et b et st e bt e st esbaesabeenne 3-9
AT-VSCALE ...ttt s bbb 3-10
Multiple-Channel Analog Input (IMAL) ...c..cooiiieiiiiiiiiieteee ettt sttt e 3-11
NB-A2000 ANAIOZ INPUL ..c.evieniieiiieiieeieerteeie ettt ettt e sttt e st e e bt esateebeessbeesbeesasesnseenanens 3-11
NB-A2100 ANAIOZ INPUL ..c.vveiiiiiiiieiieiie ettt sttt ettt et e st st esabesbeesateebeesane s 3-11
NB-A2150 ANalog INPUL ....oeeiiiiiiiiiieeeeeeeee et 3-12
Multiple-Channel Analog Input FUnction SUMMATY .........cccoeeeriiiiereiierieiiee et 3-12
Multiple-Channel Analog Input Application Hints ............ccoceeoieniriinieienieninieneecenc e 3-13
Typical Multiple-Channel Analog Input Function Usage......c...cccceceveeviineencneenennne. 3-13
Buffered Analog INPUL.......cc.eoviiiiiiiiiiiieeieeeee et 3-14
Externally Clocked Analog Input (NB-A2000) .....cccccevveerriiiniennienieeienenn 3-14
IMAT L ATIII c.cttetee ettt st sttt et ettt ettt et ebe bt e bt bt b b sae st e b nee 3-15
IMAT L CIRAT ...ttt ettt ettt ettt sb e sttt ettt ettt et eueebeeuesbesbesbenaens 3-16
IMAT_COUPING ..ttt sttt b et e b et ea e bt e st e sbeentesbeenbesbtenbesstenbeeneensens 3-16
IMATL REAG ...ttt e 3-17
Y AN Yot 1 (RS RRRROPPPRPRRRt 3-18
IMAL SEUUD ettt ettt ettt ettt st ettt e bt e st e et e sate e bt e sab e e beesabeenbeesabeenbaesabeassaesnseenne 3-19
Chapter 4
Analog Output FUNCHONS ... 4-1
ANALOZ OULPUL .ottt sttt ettt ettt et et e bt st e st s e e s st e s e s st eanesae e s eeneesneeneeneene 4-1
NB-A2100 ANAlOZ OULPUL .....eeiuiiiiniiiiieiieeiteeite ettt ettt ettt beesae e st e e st e steessneeaneenne 4-2
Analog Output FUNCHON SUMIMATY ....cc.eivuiiiiiiieiiiieie ettt sttt st sbe st ente st e b seeenbeeatenbeens 4-2
Analog Output Application HINtS .......c..cociiieiiiiiniiieniiieerteeeeeeeeete et 4-2
AQO_Change_Parameler .........ccueevieriieriiienienieenite et eite e eiee st esseesabeebeesasesnbeessseeseesnseesseesssens 4-3
AD_SELUD ..ttt ettt ettt ettt st e b e s a bt e bt e s bt e bt e st e e bt e sabeesatesabeenne 4-4
AO _UPAALE ...ttt ettt sttt e sa e st st s ean e ne e 4-6
O VS CALE et e et e e e e e ——————————tetaetaaeaearaaaaaaaaaaaaa— 4-6
ASD_WTIE .ttt sttt sttt ettt et et ea e bt s ae bbb e nen 4-7
Chapter 5
Digital I/O FUNCUIONS ..................ccoooooooooooceeeeeeeeeeeeeeee e 5-1
NB-DIO-24, DAQCard-DIO-24, NB-PRL, and Lab and 1200 Series Digital I/O.......c..cccccocceveniencnnnes 5-2
NB-DIO-24, DAQCard-DIO-24, NB-PRL, and Lab and 1200 Series Groups .........cc..cccccovee.e. 5-3
NB-DIO-32F Digital I/O ......ccoouiiiiiiriiiiiiieeieeeeereere ettt et st 5-3
NB-DIO-32F GIOUPS ..eeeuteeieeriieeieenite ettt ettt et e sttt et e sttt e satesabeesabesabeesbtesseesseeeabeesseesases 5-3
NB-DIO-96 and PCI-DIO-96 Digital I/O ........ccccoeriiieiiiiiiiiiieieiecresteeesieseeteteteeeeeeeie et e 5-4
NB-DIO-96 and PCI-DIO-96 GIOUPS ........ccceeruiruierierienieiienieeiesieete et sieeeeseeeseesaeesaeseeensesaees 5-5
NB-MIO-16 and NB-MIO-16X Digital I/O .....c.ccccoeiiiiiiiiiiiiiiieieieeeceeeereeeeee et 5-5
PCI-MIO-16XE-50 Digital I/O......c.eoveiriiiriiiriiiniieeiiietstcesreesreesieteree ettt 5-5
NB-TIO-10 DIigital I/O .....coeuiieiiieiiieiicicereere ettt 5-5
DAQCard-AO-2DC Digital I/O ......cc.eeeririiriiriiniiieieeeteteteteeee ettt ettt ettt sve e e 5-6
DAQCard-500 and DAQCard-700 Digital I/O.......ccccoceririririninininieteetceeereteeeeee e e 5-6

NI-DAQ Software Reference Manual for Macintosh vi © National Instruments Corporation



Contents

SCXI Signal Conditioning HardWare ..........c..ccceeieiiiiiiiiiiiiiiieeeeeeeee ettt 5-6
Digital I/O FUNCION SUMIMATY ......eoitieiiiiieiieiieit ettt ettt ettt e stesaeesbe et e saeeeesbeeneesbeensesseans 5-7
Digital I/O Application HINES ......c.ccouiiiiriiiiiiiiieiieieeiteeeitetete ettt sttt naens 5-8
Nonlatched Digital I/O ....c.cooviiiiiiiiiiiiiiiieeeeee ettt 5-8
Latched Digital I/0 with the NB-DIO-96, PCI-DIO-96, NB-DIO-24,
DAQCard-DIO-24, NB-PRL, and Lab and 1200 Series..........c.ccceeeevveeecvieenieeeniieennns 5-8
Latched Digital I/O with the NB-DIO-32F .......c.ccccocinininininiineieicieeeeeeeeseceiennee 5-8
Buffered Digital I/O with the NB-DIO-96, PCI-DIO-96, NB-DIO-24,
DAQCard-DIO-24, NB-PRL, and Lab and 1200 Series...........ccceeeviieeiieeeciieeeieeens 5-9
Buffered Digital I/O with the NB-DIO-32F .........ccccooviniiininiiiiciiicieicieceeee, 5-9
DIG_BIK_CRECK ....cuiiiiiiiiiiiiiiicicicecee et s 5-10
DIG_BIK_CIEAT ...ttt e 5-10
DIG_BIK STt ...ttt ettt ettt ettt ettt st b e et ettt ebeebesbesaesteebenee 5-11
I (€ €y o T 01 i - RRUSRPR 5-13
DIG_GIP_IMOME ...ttt ettt et e et et sbe et sbeebesaeenbeeetenbeeasenaens 5-14
DIG_GIP_STALUS ..ottt ettt ettt ettt ettt es e sbe et e sbeebesbe e aesba e besanenbeens 5-15
DIG_IN_GIOUP teutieiiiiiieeiieeiteete et ste et ste et e ste e bt esabeettesabeesstesaseebeesnseenseesabaeseesnseesssesnsesnns 5-16
DIG _IN_LINE coiiiiiiiiiiiieeeeeeeee ettt et e e e e e et e ettt et eeeaeeeeeeesesssssssssnsnsssssasanserees 5-17
DIG_IN_POTt ...ttt sttt ettt ettt b st sae bt besae e nen 5-17
DIG_LiANE_CONTIG ..eenviiieiieiieteeete ettt ettt sttt et ettt e et e e sae et e eaeeaesaeenseenean 5-18
DIG_OUE_GIOUP ..ottt ettt ettt ettt et sb et eb et e bt e bt ea e bt estesbeeneesbtebesseebesstebeeasenseans 5-19
DIG_OUL_LING ...ttt sttt 5-20
DIG _OUL_POTT coooiiiiiiiieeeeeeeeeeee ettt et e e e e et e b et ettt e eeteeeeeeesesesessssssssssssssssaesanees 5-20
DIG_Prt_COn ig ..ooiiiiiieiieeieeeeete sttt sttt sttt e st e b b st e bt e st e e bt e sabeesabesabeenee 5-21
DIG_PIt_STALUS ..oeivvriiei ettt et e e ettt e e e e eeareeeeeeeettaaeeeeeetsseeeeeeesarseeeeeennrreeeas 5-22
DIG_SCAN_SELUP ...ttt sttt ettt sat e et esat e st esate et e sbeeebeenaee s 5-23
Chapter 6
Data Acquisition FUNCLIONS...............ccoooooooovvvvoooiiooeceeeeeee e 6-1
Data AcquiSition HArAWATE ..........cociiiiiiiiieiiiieieetet ettt ettt et sttt s bt et bttt e e eae 6-1
NB-MIO-16 and NB-MIO-16X Data ACQUISTHON .....cc.veruerienieeieniieienieenienitenienteneseesieerenieens 6-2
NB-MIO-16 and NB-MIO-16X Data Acquisition Timing ........cccccecceereveereercveeneennnenn 6-3
NB-MIO-16 Data Acquisition Rates..........ceceerierrieniiiinienieeiierieeiee st 6-3
NB-MIO-16X Data Acquisition Rates ............cocceeieciininiinieniniencceeenee. 6-4
Lab and 1200 Series Data ACQUISItION ......ecueruertieriertieieetcerieettente et eee e etesteeeesbeeeesbeeeesaens 6-5
Lab and 1200 Series Data Acquisition Timing .........cccoceeevereeeieneeiieneerieneene e 6-6
Lab and 1200 Series Counter/Timer Signals .........c.ccovcereererienenienienienieeeeneeeenieenee 6-6
Lab and 1200 Series Data Acquisition Rates.........cccceeveeviiienieniiieniiiiienie e 6-7
DAQCard-500 and DAQCard-700 Data ACQUISTLION .......cccveerieinierieiniienieerieesieeiee e enieeeaeees 6-8
DAQCard-500 and DAQCard-700 Data Acquisition Timing ..........ccccccceeceevrieceenncne. 6-8
DAQCard-500 and DAQCard-700 Counter/Timers ...........cccoeeevueeeeiieeecieeeeieeeeeieeeens 6-8
E Series Data ACQUISILION .....ccueiiirtieiiiniiiiiittete sttt ettt ettt sttt sa et et eaesaeenbesaeas 6-9
MIO E Series Data Acquisition Timing........cceceevvereerieneinenienenteieneenieeeesieeiee e 6-9
MIO E Series Data AcquiSition Rates........coceeevuieriiiiiienieniieienieeiee e 6-10
SCXI Data ACqUiSTHON RALES .....cccuiiiiiiiiiiiiiiiieiteee ettt ettt s 6-11
Single-Buffered Data Acquisition Function SUMmAary.........c..ccccoeeevienieniiienenienenieeeeeeeeereeeee e 6-11
Single-Buffered Data Acquisition Application Hints ...........cccceeeeiiirieieneeneniene e 6-12
Single-Channel Data ACQUISItION ......ccuerueriiriieniieiieiieieeieente ettt st saeens 6-12
Multiple-Channel (Scanned) Data ACQUISItION ........ccceevuerierierieneeriineeieecee e 6-12
Using the NB-MIO-16X in Unipolar Mode with Pascal ..........ccccoocvivviiniiiniiiniiennens 6-13
DAQ _CRECK ...t 6-14
DAQ _CIBAT ...ttt sttt et ettt ettt b e bt s ae et be b e nen 6-15
DAQ _CONTIZ .ttt ettt ettt ettt e s e bt e s e s bt en e e bt et e e bt et e eaeetesaeeseenean 6-15
NB-MIO-16 or NB-MIO-16X Configuration .............cceceeeuereeienieesieneenieneeneeseeniennees 6-16
Lab and 1200 Series Configuration .........c..cecceeeeveerernieneeneneeneneeieneeneeeenie e 6-16
DAQ _PIETTIZ .veeuvieiieeieeeie ettt ettt ettt et e st e bt e s be e st e sab e e baesnbeenbeesabaenseesaseesssesnsannns 6-18
DAQ _SIAIT c.oniiiiiiiiiecc e 6-19
Starting a Single-Buffered Acquisition with DAQ_Start .........c..ccccoceeiininiinnnnnnes 6-21
Starting a Double-Buffered Acquisition with DAQ_Start..........cccocceveeninenenenenen. 6-21

© National Instruments Corporation vii NI-DAQ Software Reference Manual for Macintosh



Contents

Using DAQ_Start to Start a Trigger Acquisition Using Single-Buffered Mode ......... 6-21
Using DAQ_Start to Start a Trigger Acquisition Using Double-Buffered Mode......... 6-21
Using the AMUX-64T with DAQ_Start .......cccceooieririeninienieeiesieeeseeeeeee e 6-22
INUBUS DA L.ttt ettt et st saees 6-22
DAQ _TTIZEOT «.eeeuvieiieeieeete ettt et st et e sttt e st e bt e sabe e teesate e stesaseesbaesaseenseesaseenseesnseesssesnsesnn 6-22
DAQ _VSCALE ....oeeeeiee ettt ettt ettt e et e et e e et e e et e e etb e e e tbeeeaabaeeaabeeetbeeeabaeenraas 6-24
Lab_ISCAN_CRECK....cc.eiiiiiriiriertiieet ettt ettt sttt ettt ettt sae b b nae 6-25
Lab_ISCAN_SLAIT «..couiiuiriieiieiererteetete ettt ettt ettt sttt ettt eae st sbe b sbe e 6-27
SCAN_CRECK ..ottt sttt ettt et ebe et bbb saen 6-29
SCAN_DEBIMUX ..ottt ettt sttt et ettt s b s s a e b e 6-30
SCAN _INESTATT «oeoeiiiiiiiiieeeeeeeee ettt ettt e e e et e e e e s e e e aaaeaeeeeeeteeeeeeesesesesssssssssssssssssssssenens 6-32
Starting a Single-Buffered Acquisition with SCAN_IntStart .........cccoovveevieenieniennennns 6-35
Starting a Double-Buffered Acquisition with SCAN_IntStart ...........cccccoceevinienennnees 6-35

Using SCAN_IntStart to Start a Trigger Acquisition Using
Single-Buffered MOde.........cooiiiiiiieiiiieieeeeee ettt 6-35

Using SCAN_IntStart to Start a Trigger Acquisition Using
Double-Buffered Mode .........ccccoeviiviiiiiiiiiiiiiiiiieneieeceee e 6-36
Interval Scanning with the NB-MIO-16 ........ccocceiiiiiiiiniiniiiienieeeeeieeee e 6-36
SCAN_SELUP ..ttt ettt ettt sttt be sttt et et e et et ebe e bt ebeebeebesbesae st e benee 6-36
SCAN _STATT .ttt ettt ettt ettt ettt sttt be ettt e et et eatebeebeeatebeebesbesae st enbeee 6-38
Starting a Single-Buffered Acquisition with SCAN_Start .......c.ccecceveeveninneneenennens 6-40
Starting a Double-Buffered Acquisition with SCAN_Start .......ccccoceveevereencnneencnne. 6-40
Using SCAN_Start to Start a Trigger Acquisition Using Single-Buffered Mode........ 6-40
Using SCAN_Start to Start a Trigger Acquisition Using Double-Buffered Mode......6-41
Double-Buffered Data Acquisition Function SUMMATY ........c..ccccceieiiinieiiinieniineenceeeneeeeseereseeneseees 6-41
Double-Buffered Data Acquisition Application Hints ..........cccceceeieiinieninieneieneeecceeeeene 6-42
Initializing Double-Buffered Data ACqUiSTtON........cocuevuerierieriinieieeeeeecee e 6-42
Retrieving AcqUired Data ........ccccooueeiiriiiiiniiieiieeseeeteee et 6-43
Using Double-Buffered Data Acquisition with Analog Triggering ..........ccceceevveneen. 6-47
DAQZCIEAT ... ececuiiieeiiie ettt ettt e ertteestte e et e e estbeeesbaeeetseeessaeesesaeaassseessssaeasseeeassseessseesssseeans 6-47
DAQZCONTIZ «enveuveuteiteiieiieitetteteet ettt ettt ettt ettt sb ettt et ettt et b ettt be e 6-48
DAQZGEL ...ttt ettt ettt bbbttt et b et r e b e 6-49
DAQ2ZTIGEL ...ttt ettt ettt ettt ettt b et s bbb e 6-49
DAQZMEMEOCONTIE ..ottt sttt sttt et ettt et sb et sbeeae e eaesaees 6-51
DAQZTAD ..ttt e 6-53
DAQ2TTAP ..ttt 6-53
Multiple-Channel Data Acquisition (MDAQ) ...couiiriiiiiiinieiienieeeee ettt ettt 6-55
NB-A2000 Data ACQUISTEION ....eeueerteeieitieteetieteettesieettesteete st e e steetesbeebesbeenbeeseenseeseeneeeneeneeenes 6-55
NB-A2000 Data AcquiSition TIming .........ccecceveeriereenenieeneeesteeeee et 6-56
NB-A2000 Data AcquiSition Rates ........cccccveeviiiininiiniiniiieeieieeeseeeeeeeee e 6-56
NB-A2100 Data ACUISTHON ...eevuvieiieriieriienteeriteeteeitesreeieeseteesseesateesseesssesnbeessseeseessseesseesssens 6-56
NB-A2150 Data ACQUISTHON «...eevuvieiieriiieniienteeiteeteeieeeteetee st esbeesiteebeesatesbeesabesseesaseenseesasens 6-57
Multiple-Channel Data Acquisition Function SUMmAary ..........cc.cocceeervieiiiieninienenieneeeeeeeeeeeeeeeee 6-57
Multiple-Channel Data Acquisition Application Hints ...........cocceveeriiiinenienenieneeeeeeee 6-58
Frame-Oriented and Scan-Oriented Data ACqUiSItion .........c.ccevereerienieninienieeienene 6-58
Configuring the Trigger CONditionS.........coceevveveirierernenieereeeseeeee et 6-59
NB-A2100 and NB-A2150 TTiZZEIING ..ccveervreriieiieiieeniienieenitesteeieesreeieeseaeesaeeneees 6-59
Stopping Data ACQUISIEION ....coveeuieiiieiieeieerite ettt ettt e eeesbeesbeesaeesaees 6-60
Typical Multiple-Channel Data Acquisition Function Usage...........ccccccveveenirenenee. 6-60
MDAQ _CRECK.....utiuieiieiiriietieiesiestestetet ettt ettt ettt sttt st sttt ettt et eae bt bt sbesnesbesaens 6-63
IMDAQ _CIEAT ...ttt ettt sttt sttt et et ettt st eb b b saenen 6-64
IMDAQ _GEL ..ttt ettt et 6-64
MDAQ _SCANRALE .......eiiiiiiiiciiieciee ettt e e e e te e e ertae e e s reeesatreeeabeeesareeeessseeeasaeeaseaans 6-66
MDA Q _SELUP ..ottt ettt ettt ettt ettt e bt e sabe e bt e sabe e beesab e e btesabeenbeesabeebaesabeesstesabeenne 6-68
IMDAQ _SEATE .ttt ettt ettt et b bbbttt sttt ettt et b e bt bbb b e 6-70
MDA Q _SEOP ettt ettt ettt ettt et b et sa bttt ettt et aeeae bt saeer b e 6-71
MDAQ_TIIZ_CONTIZ ..ttt sttt ettt ettt ettt et bt e tesbeeaesaeenbesaean 6-72
MDAQ_TIIZ_DEIAY ..ottt ettt st st e bbbt e e saaenieeas 6-74

NI-DAQ Software Reference Manual for Macintosh viii © National Instruments Corporation



Contents

Chapter 7
SCXT FUNCHOMNS .........ooooooooooiiieieeeeeeeeee s 7-1
SCXI Installation and CONfIGUIATION ......cc.eecvirieiiiriiiiieient ettt s e 7-2
Using SCXI Modules with the NI-DAQ FUNCHONS ......cccuiiuieiieiieiieiieie et 7-3
SCXT OPErating MOGES .....ccueeeeruiiieitieieitieeet ettt sttt st et e bt et bt e besbt e beea e e bt eaeesbeenbesbeenbesaeeaesaean 7-3
Multiplexed Mode for Analog Input ModUles ........c..cocuererieniriiininnienieicneeneeeeneeteseeeene 7-3
Multiplexed Mode for Digital and Relay ModUIES .........ccceeeereiienieniiienieniieieeieeiee e 7-3
Multiplexed Mode for Analog Output MOdUIES ........c.ceovuerriiiriiiniiniiiieneeeiee e 7-4
Parallel Mode for Analog Input MOAUIES ........cccceeviiiiiiiiiiiiiiiiiiieeeteeeeee e 7-4
Parallel Mode for Digital MOdUIES.........c.cooiiiiiiiieieeieeee ettt 7-4
SCXI Modules and Compatible Data Acquisition Boards ..........c.cceceveeriiiininiinieniereneeeeeeeeee 7-4
The SCXI-TT00 ...ttt ettt ettt et e st s bt e tesbeeaesbeeaesaeen 7-5
The SCXI-TT02 ..ottt ettt ettt st sttt ettt et sbe et sbeeaesaeeaesaeen 7-5
The SCXI-1120 and the SCXI-T121 .c.ooiiriiiiiiiiieieeeeeer ettt 7-5
The SCXI-T122 ..ottt ettt sttt ettt et e s s et e e st e teense st ensesseensesneensesneensesnean 7-6
The SCXI-1124 ...ttt ettt ettt e a e bt e s e st e ene e bt et e eae et e saeeeesneenseenean 7-7
The SCXI-TT40 .ottt sttt ettt s h e bt e e et ea e bt e st e s bt et e sbeenaesaeenbesaean 7-7
The SCXI-TTAT oottt ettt ettt et sbe et sbeeae st eaesaeen 7-8
The SCXI-1160 and the SCXI-TT61 ....oouiriiiiiiieieieeeteeeereeee ettt 7-8
The SCXI-1162 and SCXI-TIO2HV ...oiiiiiiiiiiieieeeeesesee ettt 7-9
The SCXI-1163 and SCXI-1163R ......cooiiiiiieieeiee ettt et naeeaeas 7-9
The MIO BOArds.......ceueeiieiiiieee ettt ettt et sae e satestesatenbeeseenbeensenaeans 7-9
The DIO-32F ...ttt ettt b e ettt e bt et e s bt et e sbeeaeseeenbesaean 7-10
The DIO-24 and the DIO-06 ........ccooiiiiiiiiiiieeeteeeee ettt 7-11
The DAQCard-700 and the Lab and 1200 Series Boards ............cccccvveiiiieeciiieeciee e 7-11
SCXT FUNCHON SUMIMATY ....eeniteeiiteiieeieesiieesieesitesteesttesiteesttesase e beesssessbeesabeesseesaseesseessseenseesssessseessessseesns 7-12
SCXT APPLCALIONS .....eonviiiiniieiieiieieeieeteee ettt ettt ettt et e ne st e ae st s e s s e s e e s et e e s esseesnesneesnesaeennesanen 7-14
ANAlog INPUL APPIICALIONS ....eeuvieiiiieiierieeie ettt ettt et sae e st esbe st e sbe et e sbeeneenaeans 7-15
Building Analog Input Applications in Multiplexed Mode ...........ccceevvevincieniinciennnne. 7-15
Building Analog Input Applications in Parallel Mode ..........cccccoceevenenninencnenennee. 7-21
ANAlog OUPUL APPIICAIONS ...eeuvieiieriiieriteeieeite et estte st esitesbeesieesabeesbeesbeesseesbeesseesnseesssesseenns 7-24
Digital APPIICALIONS .. .eeetieriiiiiieiiteite ettt ettt ettt e st e bt e sat e e bt e sabe s beesabeenbeesaseesaenanenn 7-24
TranSAUCET CONVETSIONS .....eevtirureriieerieeiteste et et et e st et e st e sttesateesbeesbeenbeesabeesbeesabeessaesaseenne 7-24
SCXI_AO_WIILE ...ttt ettt ettt ettt et e e e et et e e st e teeseesbeeseesbeeatesbeensesbeeneesseensanneans 7-25
SCXT Cal_CONSLANES ...t eeeeeeee e e e e et e ee et eeeeeeeeeeeseseseesesesssesasaaasaeaeeseeeeeeasesees 7-27
SCXI_CalIDrate_SELUP ...cc.eerueeieriieieriieieeitenitetesteete ettt ettt st ettt e b s bt et st e b sbe et ebeeneeeae 7-31
SCXI_Change_CRAN ......cccvieiiieriiiiiierieeieente et este st esttesteesteesbeeseessbeesseesssesssaesssesseesssesnseees 7-32
SCXI_CONFIGUIE_FIILET ..couevieiiiiiiiiiteite ettt sttt st ettt e sbe e st e sbeesabeebee e 7-33
SCXI_Get_ChasSiS_INTO ....ccccoiiiiiiieiiieiiiiie ettt e eee e e et e e e e eeeaareeeeeeearaeeaeeas 7-34
SCXI_GEt_IMOAUIE_TNTO et e e e e e e e e e e e e e e e e e e e eeeeeeeeaaeeeeens 7-35
SOXT GOt _STALE .eeeieieeeee ettt e e e e e e e et et e e e e e e e e e e e s aaaeeeeteeaeaeaeesesessesasesssssnasessasaeeees 7-36
SCOXT GEE_STATUS oeiiieiiieeeieieeeceee ettt et e ettt et e et et eeeesesesse s eaaaaaaeaaasetesesaessssesessssssssssssssnssssssssesees 7-37
SCXT_L0AA_CONTIZ...eiitieiiieiiiiieeieerte ettt ettt et e e et e sbeesbeesabeesbeesabeebaesasesnbeessseenseenns 7-38
SCXT_MUXCIT_SEUUP ..eeuvieiiieiieeieesite ettt sttt st sb e e bt esbte s bt e bt e sabeesatesabeesbeesnbeenseesabeenseesases 7-38
L O B 27T TSP RRR 7-40
SCXILSCALE .ttt b ettt et e bt e st et st e bt eseenbe et e ebe et e e beente e bt enteeneans 7-41
SCXI_SCAN_SEIUD ..ttt ettt ettt ettt et s bt et et e bt st e s be st e ab e et e sbeeabesbeentesbeeneeeae 7-43
SCXI_SEt_CONTIG .ttt ettt ettt st et sttt b et s bbbt et b e e eae 7-44
N0 € BT A € 71 1 s WP RSRT U URTT 7-46
SCXI_Set_INPUL_IMOAE ..ccuvvieiiiiiiiiiieiie ettt sttt sttt e st e e bt e st e sabeesabesbee e 7-46
L O T ] 1SRRI 7-47
SCXI_SINGle_CRAN_SETUD .. .eeiuiriieiieiietieeett ettt ettt ste et s be et e sbeete bt e e e st eteeneeneeenes 7-48
SCXI_Track_HOIA_CONIOL ......cooioiiiiiiiieiieeiee ettt e et e e seaae e e s s eeaaaeeeeeennnnes 7-49
SCXI_Track_HOIA_SELUP ...coviriiiiiiieiieieiteetest ettt ettt sttt st eas 7-49

© National Instruments Corporation ix NI-DAQ Software Reference Manual for Macintosh



Contents

Chapter 8

Counter/Timer FUNCLIONS .......................ccccccccccoiiiiiiiiieieeeoeeeeeeeeeeeeeeeeesssessssssssnns 8-1
Counter/Timer Operations (CTR FUNCHONS) ....c...eiruiiriiiiiiieiiiiieiieeee ettt 8-1
Programmable Frequency Output OPEration ............cceecueeueerieeuierieeienieeiesieetesteeseesseeseesseeseeeseesseeneesseenes 8-3
NB-MIO-16 COUNLEI/TIMEIS ....ceeevieniitieteeteeite sttt ettt ettt st ettt et st estesaeetesaeenaesaeenbesaees 8-4
NB-MIO-16X COUNET/TIMEIS ...c..eeviriiiiiiienieeieniteiesitenieeitent et ete st et sitestesaeesiesaae s e eanenaeens 8-5
NB-DMA-8-G and NB-DMA2800 Counter/Timers .........cccoceeevererienersreneenieneenieneeneseeneeennes 8-6
NB-A2000 COUNEI/TIMELS ...c..eeuverieriniieiineete ettt et eere st ene st eeresreessesaeesaesaeennesanes 8-6
NB-TIO-10 COUNET/TIMETS ....eeveeeuiiiiieiiieniterte ettt ettt ettt ettt e st e bt e sabesbeesabeebeenas 8-7
Counter/Timer FUNCtion SUMIMATY ......cc.ccueoviiiiieiiiiieeiieeeenie sttt ettt ettt sae e e re e e 8-9
Counter/Timer Function Application Hints..........ccccoooeriiiiiniiiiniienieeceeecee e 8-9
EVENt COUNTING ..ottt ettt ettt s s eaesaeen 8-9
Timing Signal GENETALION ........cevuverviiriieeieeitieeieeite sttt e steesttesebeebeesbeebeesaaeeseenaseas 8-9

CTR_CONTIZ .ttt ettt ettt et s e et esat e e bt e sabe e bt e sabeebeesabeessaesaseenns 8-10

CTR_EVCOUNL ..ottt ettt e ettt e e e e et e e e e e eeataeeeeeeeataaeeeeeensnrseeeeesnnraeeeas 8-11

CTR_EVREAA ...ttt ettt b e ettt ettt e s bt et e eaeetesaeenseenean 8-12

Special Considerations for Overflow Detection ...........cceceveriereriieneeneiieneneeieneens 8-13

Event-Counting APPLICALIONS .....cc.cevuiriiriiieniieieniteiesi ettt ettt st et st este st esbesiaesbeeasenbeeas 8-13

Period Measurements APPIICAIONS ........cevieriieriieriieeiieeieente st erite st esitesre et e steebeesebeenseesaees 8-15

CTR_FOUT _CONTIG.c..oiiiiiiiiieiieiteiteeettetestee sttt sttt ettt saeesaesanesneeaneneees 8-15

L ) 2 < 4 1o T TSRS 8-17

CTR_PUISE ...ttt ettt sttt sttt e a et e e s e b e e st e bt ene e bt eneeeaeensesaeeneesaeeseeaean 8-18

Pulse Generation Timing CONSiderations ............ceoeeeerierienienienieeieneeteseeneeseeeneesaees 8-19

CTR_URESELE ettt ettt ettt et e e e e e e et e e se e e s e s s aaaaaaasasteteeaeaeeessesessesessasnnnns 8-20

(O 1 2 2012 TN 8-21

CTR_USQUATE ...ttt ettt ettt et st e bt e s et e bt e sab e e bt e sabeenbeesabeesaesabeesssesnseenne 8-21

Square Wave Generation Timing Considerations...........c.cceeeveereereeneenreneesreneennenens 8-23

CTR_USTALE ...ttt ettt ettt ettt et e s s et e e at e be e st e bt es e e bt ente bt entesaeensesaeeneesneensesnean 8-23

TR S0P -ttt ettt ettt ettt ettt s bt et b e e e b et e ea e bt e st e sbeestesbeenbesbeenbesbeenbeennenseans 8-24

Interval Counter/Timer Operation (ICTR FUnCtions)........c..ccoeevierieiiinieniinieninienieieeneeee e 8-24

Interval Counter/Timer Function SUMMATY ..........coocieriiieriiniiiinie ettt et sre et esaee e s 8-25

Interval Counting Function Application Hints ...........ccoceeviiiiiiinieniiienieeiceiceieeee e 8-25

Lab and 1200 SETIES .......covueeruiiriiiiierieeiteete ettt ettt ettt ettt e st ebe e sabeeabee e 8-25

DAQCard-500 and DAQQCArd-700 ........ccccereereruieieeienieeieieeesie ettt 8-26

TOTR_REAG ...ttt e e e e e e e e e e e e e e e e e e e e e a et e eteeaeeeeeeeesessesaseaaanans 8-27

TOTR _RESEE oottt et e e e e e e e et aa e s et et eeeaeeseseesesesesssssssssssssssaaasanees 8-28

TOTR _SCUUD .ottt ettt ettt sttt et s e et e st e et e sabeebeesabeenbeessbesnbaessbesnseesssesnsaenssenn 8-28

General-Purpose Counter/Timer FUnction SUMMATY .........cccooieiiiieriiiiiiiinienieenieeicenee e 8-31

General-Purpose Function Application HINts .......c..ccccooiiiiiniiiiininiiniiienicecceeeeeeeeeen 8-31

GPCTR_Change_Parameter........c.c.coiieiiiiniiiiierieeiteeieeite sttt et s ssee st e sseesare e 8-31

GPCTR_CoNTig_ BUTTEI ... .ottt 8-34

GPC TR _CONIIOL ..ttt et e e e e e e et e e e e s e s e e s aaaaaesteteeaeaseessesessesesssssnnns 8-35

GPCTR_SEt_APPICAION ..eeuviiiiieiieiiieitesie ettt et e steesitesteesitesateesbtesbeesseesbeesseessseesssesseenns 8-36

(€3 SO N £ 1<) o TN 8-57

Chapter 9

RTSI Bus Trigger FUNCLIONS ......................cccccccccoooiiiiiiiiiiiiiiieieeeeeeeeeeeeeeseesssssssnesns 9-1
THhe RTST BUS ..ottt ettt ettt e et e e s e eeene e e st eneesaeesesntensesneesesnseseensenseans 9-1
NB-MIO-16 RTST CONNECLIONS .....eueeeueeiieieetieieeiteteettesteete et eteseeetesteeaesseesesseesesseensesseenseeneenseeneeseeenes 9-1
NB-MIO-16X RTST CONMNECTIONS ...veevieeiieeiieiieerieeeieesteeiteesteeeseesseesseesseessseesssesssessssssssessssesssessssessseees 9-2
E Series Boards RTST CONNECHIONS .....cccueruieriiriiniiiiiniieienieetesitete ettt sttt sttt st ettt eie et e e e 9-2
NB-DMA-8-G and NB-DMA2800 RTSI CONNECLIONS .....c..cecuerueeiinieeiiriienieeienieeienieetenieeniesieenreeeeenneene 9-3
NB-DIO-32F RTST CONNECLIONS ......ooueeiiriieiiriieienteieetenieetenteetesieetesieesseeseesseessesueensesueensesseenseeseessesnns 9-3
NB-AO-0 RTST CONNECHIONS .....veeiiiriiieiiieitenitt ettt ettt et e sttt e sbte e bt esatesabeesatesabeesasesbeesaeesbeenseesanes 9-4
NB-A2000 RTST CONNECLIONS ......eevieuieriieteetieteeiteteettenteeitesteeneesteeeesseeaesseesesseesesseesesssenseeneeseeneesseenes 9-4
NB-A2100 RTST CONNECLIONS ...eevveeurieirreeieesiieeieestesseesseesseesseesssesssesssseessesssseessessssssssessssesssessssesssessssees 9-5
NB-A2150 RTST CONNECHIONS ...uveeuviiieniiniieiiniteienitenteeitenteete st et steentesatestesstesbeessesbeessesbeenseebeenseeneenseenee 9-6
NB-TIO-10 RTST CONNECHONS ...c.vteuvirutiieeiiriieiiniteiesitentesitenteeesesteeesesteestesbeetesaeessesaeenaesseessesanensesanensenns 9-7

NI-DAQ Software Reference Manual for Macintosh X © National Instruments Corporation



Contents

RTSI Bus Trigger FUNCtion SUMMATY ........ccciiiiiiiiiiniiiieieienieete ettt ne s e 9-8
RTSI Bus Trigger Function Application Hints .........ccccceveriiininininenenenceieeeeeeececeveevee 9-8
RITST CI AT ..ottt e e e e e e e et e e e e e e e e e s e e e e a e s e e eeteeeeaeeeesesesseseseanenans 9-8
RITST 0NN ittt ettt ettt e e e e e e e e e e e e s e s e s e e s aaaaaaaaeeeeteeaeaseeesessssssesssssnnes 9-9

Rules for RTSI Bus CONNECHIONS ......c.eeteruirieniirienieeienieeieneetenieere sttt eeee e 9-9
L2 BN B D3 Lo 1 s RN 9-10
Chapter 10
Waveform Generation FUNCtions ... 10-1

Waveform Generation HArdWATre ..........ooueiiiiiiiiiiiiiiieceeeeceeeste ettt st st 10-1

System Timing for Waveform Generation ............c.cceeeereeiereeieneeriesieesieseeeie et ee e 10-1
Waveform Generation Using DIMA .........coiiiiiiiiiiiiiiieetee e 10-1
Waveform Generation Without DMA .........cccccoiiiiiiiiiiiiiiecteeeteeeeeseeeniene 10-2

Synchronous Waveform GENETAtION ..........cccueecveerieriiienieerieeniesieestesreesieesreesaesssessseessessseenes 10-2

Asynchronous Waveform GENeration .............coceeeueerierieenienieenienieeniteseeesieesteesteesiteesseesases 10-2

Synchronous Versus Asynchronous Waveform Generation ............c..cecceeeeveereenreneenieneennennens 10-2

NB-MIO-16 Waveform GENETation .............ceceeueeruerierieeienieeieneeeeeseeeeeseeetesseesessessesseesesseens 10-3

NB-MIO-16X Waveform GENETatiON ...........cccceeeeruerierierienieeienteeiesteetesteeeeseeeneesseeneesaeeneesaees 10-3

PCI-MIO-16XE-50 Waveform Generation ..........cc.ccecvererienierienierienieeienieeeesieeneeseeeneesneeneesnees 10-4

NB-AO-6 Waveform GENETation ..........c..cecuereerierierienienientenieetenieetesreeeesieensesseesuessnessessenseeas 10-4

Lab and 1200 Series Waveform Generation ...........cocccoeecuereereneerieneesreneeneeneenseseenseseensennnes 10-5
Lab and 1200 Series Counter/Timer Signals ..........cccccceeeevirieninieneineneereneeienens 10-5

NB-A2100 Waveform GENETAtiON ..........cccceeruerrieriertieieeieerieesteneeeseesteeteseeetessessesseesesseesesseens 10-5

Synchronous and Asynchronous Waveform Generation Function Summary ...........cccceeeevenceneneenennee. 10-6
Asynchronous Waveform Generation FUNCHONS .......cccueverieririeniiniinienienteneseenieseeseevenene 10-6
Synchronous Waveform Generation FUNCHONS .......cccuviviieiiiiniiiieeiecieeeeeie et 10-6
Waveform Generation Application Hints ........ccceeveiiiiiiiiiiiiniiiicnicctescete e 10-7

Fundamental FIEQUENCY .......cccocieiiiiiiiiiiiiieicetceeecce et 10-7
Minimum Update INterval...........ccooeeiiriiiiiiiieieee et 10-7
Minimum Buffer SiZe .......cccoooiiiiiiiiii e 10-8
Asynchronous Waveform Generation Call SEqUences ..........ccccceeevvereerienceneneenenne. 10-8
Synchronous Waveform Generation Call SEQUENCES .........ccecvvevieriiienieniieenienieeieenns 10-9
Double-Buffered Waveform Generation Using WF_DBLoad ..........ccccceevievieiniennen. 10-10
Externally Timed Waveform Generation.............cccoceeeueeeenuineenenieneeneneereneerennens 10-12

W _CRECK .ttt sttt ettt ettt et sae b b nae 10-12

WE_DBLOAG ....oouiiiiiiiiiiiteseseee ettt st sttt ettt s s 10-13

WVE L OQQ ottt ettt et e e e e e e e e e e e e e e s e s et aaaaaaeaseteeeeaeeeesesesessesennsnnns 10-13

WE _GIP_RESEL...tiiiieeiieeiteeteee ettt ettt ettt e st e et e e st e e bt esabesabaesabesnbeesssesnseenns 10-17

WV GIP_SEUUD ettt ettt ettt et e st e bt e sab e e bt e sabeebeesabeebeesabeessbesaseenne 10-17

WE_GIP_STATT .ottt ettt ettt ettt sttt ettt et ebe bbbt benbenaen 10-19

WE _GIP_STOP ettt ettt ettt et st e s bt s bt e sbt e s bt e beesabeesaeesares 10-19

W _OAESEL .ttt st sttt ettt st sae e s s 10-20

WV RESEE .ttt ettt et a et e e eeeeeeeeeeeeesesesess e s s nasaaaaaaasaaeeseeeeesesesees 10-21

W _SEIUD ..ttt ettt st ettt et e st e e bt e s abeeabeesabeenbeesabeenbeenabesabeesabesnbeessseenbeenns 10-21

A S ] 7 1 R RRUROPRTRRRRINt 10-22

IV S0P ettt sttt ettt ettt et e h bt bbb st et nee 10-23

Buffered Waveform Generation FUNCtion SUMMALY ........cc.ceiiriirieiinieiene et 10-23
Buffered Waveform Generation TerminolOgy ..........ceovereeieriierienienieneenie st 10-24
Buffered Waveform Generation Application Hints ..........cccccoceevenieiiniininiencnnicneneneeicnens 10-24

Buffered Waveform Generation Call SEQUENCE ........c.coveevveeniercierniienieeieesieeseeneeen 10-24
Initializing Buffered Waveform Generation ...........ccocceeveevcieenienieeniienieeniee e 10-25
Updating Waveform Output During Waveform Generation ............cecceeeeceevieeeenncne. 10-26

Block Update of the Output Waveform..........ccceceveerenieienienieiesceeeeene 10-26

Sequential Block Update.........ccccooeevieniirienienienieneeiencee e 10-27

Selected Block Update ..........cocceveevieniininienenieienecieeeeeeeeeeee 10-27

Immediate Update of the Output Waveform ...........ccceceevivriieniiiiiieniienneenne 10-27

Writing a Stream-from-Disk APpliCAtion ...........cocceevvieirieniiiinieniieniieeieeee e 10-27

Writing a Function Generator AppliCation ...........coeeceerierieneenenieenieneeeeeeeeeeeeenee 10-29
BWEF_BIKLOAA ..ottt sttt ettt ettt s st nen 10-30

© National Instruments Corporation Xi NI-DAQ Software Reference Manual for Macintosh



Contents

BWE_BUFLOGA .....ocoviiiiiiieiecticieeteeeee ettt ettt ettt ettt ettt eteeaveereeaeeaseeteessesseensenseans 10-31
BWE_CRECK ...ttt ettt ettt ettt ettt e te e e e steeaaesaeeseerseseesseseessaseans 10-33
BWE CLEAT ...ttt e e e e e e e et e e e e e e e e e e e e e e a s et eeteeaeaeeeeeesessesaseaaenans 10-35
BWE _RALE oottt ettt e e et et e ettt et et eaeeeeseesesesessesessssssasssaaasanees 10-35
BWE _RESUIMIE .ooooiiiiiieeeeeeeee ettt ettt et et eeeeeeeeeeesessss s nssssaasasasseeees 10-36
)2 SN ) 7: 1y R RRUROPRTRRRRINE 10-37
BWE _STOD .ttt ettt ettt ettt et et e et et e e st eseesesseesesese s e s bensensensensentaseeseeseeneeseerenne 10-38

Chapter 11

NI-DAQ for Macintosh EXamples ... 11-1

NI-DAQ for Macintosh EXQAMPIES ........cceeruirieiiiiiiiieieeese ettt 11-1

ONEShOtSCOPE(ICH) ..ttt s s 11-1
ONESHhOtSCOPE(Z2CN) ..ttt ettt st st naesaeen 11-1
Lab-OneShotSCOPE(2CH) ..oouviiiiiiiieiieiiteieete ettt sttt sttt e st et esbeebeeseteesaesasean 11-1
OSCIIOSCOPE ...ttt ettt ettt ettt et s b e e bt e sat e e bt e sab e e bt e sabeenbeesabeeseesabeesssesaseenne 11-1
StreamTODISK(ICR) c..eviiiiiie e e et e e e e e ebe e e ssbae e e tbeeenseeenseas 11-2
StreamTODISK(ACI) ....eeiieeeeeeee ettt e et eeaaeas 11-2
ASYNCFUNCGENETALON ......outiuietieiieteeiteete ettt sttt ettt et st e bt e et e bt ea b e bt e st e sbeenbesueeaesaeenbesaean 11-2
SYNCFUNCGENETALON ......eeuiiiiiiiiiienieiierieetert ettt ettt ettt bt et bt et sbtesbeeatesbeestesbeesnesbeensenbeens 11-2
SAMPIEANAGENETALE .....eeuveeeiiieiieeieeriieeteerte et este et estteeteesbtesbeesseesabeesasesaseesssessseensaesseesseesnses 11-2
PreTrig INterval_SCaN ......cociiiiiiiiiiieiieetee ettt ettt ettt e st et e st e e sbaesane s 11-3
Digital BIK_Transfer.......cooueiiiiiiiiieieeeetee ettt ettt ettt et s 11-3
SAWAVEGENETALOT .....veutieiiieieiiteeieestte et ee st e st e st e et e esbeeeateebeesabeebeesateesbeesateeabeesabesbeesasesseenns 11-3
MUultiChannEID VIM ......ccieiiiiiiiiiiieieecie ettt ete et e sve e teesebeesteessbeesseesssessseessseenseessseensesnssenn 11-3
GetFramesSANAGIAPN ......coueiiiiiiiiieeteeee ettt ettt et s s e e saeen 11-3
MDAQ_OPEXAMPIE.....eeeriiiiiiiniiieiiieitteiteste ettt ste et esteesieesateesbaesbeesseesbeesseesnseesssesseenns 11-3
11D 2N T o SRRSO 11-3
StreamToDiSK(IMDAQ) .....uiieiiiieeiie ettt ettt e et e e st e e e b e e esnseeesssaeeensseeesseeenses 11-4
StreamETOMIIISK .....ooouviiiiiiieeeeee ettt eaneas 11-4
PeriodMEASUICINIENL .....ec.vveeiiieiieetietieeteesteeteesteeebeeteessbeeseessseeseessseessaesssesnseessseeseessseesseesssen 11-4

Appendix A

NI-DAQ for Macintosh Function and Board Compatibility ... A-1

Appendix B

EXTOT COERS ...............oooooeeeoeeeee e B-1

Appendix C

Using an External MultipleXer ... C-1

Scanning Order Using the AMUX-04T ......cc.coiiiiiiiiiiiienieteneee ettt ettt et s s nae s C-2

Appendix D

Transducer Conversion Routines.......................ieeeeeeceeeenns D-1
ThermOCOUPIE_CONVETL ....cc.ueeiiiiiieiieriierieeteerite et eitesteeteeseteesbeesabeesbeesabesnbaesssesnseesnseenseesnsens D-2
Thermocouple_Buf_CONVETT.........coiiiiiiirieiiieiieeteeite ettt ettt sttt e st esbeesaee s D-2
RTID_CONVETT ....vveeeieeeiiiiee ettt ettt eet e e ee ettt e e e e e e abeeeeeeeeataeeeeeeetsaeeeeeentssseeeeesnsseeeeesnnnres D-3
RTD . _BUE COMVETT ettt e e e et e e e e e e e e e e e e e e e et eeeeeeeeeeeeeeeseseesaaaaaaanns D-3
SHEAINL COMVETT ettt ettt e e e e e e et e ee e e eaeeeeeeeeeseseseasase e assaaasaaaeeeeeaeeeaseeees D-4
SHAIN_ BUF CONVEIT ..ttt ettt e e et e e e e e e e e e e e e e e e st aaaaaaaaseeseeeeesaseseeas D-4
THEIMISTOr _CONVETT c.ooiiiiiiiiiiiiiiiee ettt e e et e e e et e e e e e e s e s s aaaaaeeeeteeeeaeeeesesessssssssssnnns D-7
Thermistor_ Buf CONVETT .......coooiiiiieeeeeeeeeeeeee ettt e e e e e e e e e e e e e e e e sessssnsnnns D-7

NI-DAQ Software Reference Manual for Macintosh Xii © National Instruments Corporation



Contents

Appendix E
Analog Input Channel and Gain Settings and Voltage Calculation ... E-1
DAQ Device Analog Input Channel SEttings ..........ccccocueriiiiiiiiiniiniirieeeeee e E-1
VOItage CalCULAtION .....ovieuieiieiiiie ettt ettt ettt ettt et e eatesae e st e sbeentesbeenteeseenseeseenteeneenaeenee E-2
Offset and Gain MEASUIEIMEIE ......eeuirtieriiriierteeiente et eeit et et st et stee bt satesbeestesbeebesbeensesbeeseeseenteeneenaeenes E-3
Measurement Of OFFSEL........coeiriiiiiriiiiie ettt E-3
Measurement Of Gain AdJUSTMENT. .........corieriiierieriieeiieeieerte st estesteesitesteesbeesteebeeseseenseesaseas E-3

Appendix F
Customer COMMUNECATION ...........ccooooooooiiooeeiiiiieeeeee e F-1
GLOSSATY ... Glossary-1
IIUA@X ... Index-1

© National Instruments Corporation Xiii NI-DAQ Software Reference Manual for Macintosh



Contents

Figures

Figure 1-1. Steps to Begin Using NI-DAQ ....coooiiiiiiiiiiieeiecteeeeete ettt ettt ettt seesaee s 1-2
Figure 1-2. The NI-DAQ Control Panel ..........c.coooiiriiiiiiiiiiiiieeieiie ettt sttt et 1-7
Figure 1-3. Selecting Device Configuration in NI-DAQ Control Panel ............ccccccooeviniiiinninininecnen, 1-8
Figure 1-4. The NI-DAQ Device Configuration WindOW .........c.ccccecerireririnenenienenieneieeereeeeeese oo nne 1-9
Figure 1-5. Selecting the NI-DAQ SCXI Configuration Window ...........cccceceririieniniieninnienenieseeeneeiesiens 1-10
Figure 1-6. The NI-DAQ SCXI Configuration WIndOW ..........ccceeieiiririienienieneenieneenienteniesieenieeieesie e 1-11
Figure 3-1. Flowchart for Analog Input REadings ........cccceeeeuiiriiiiiiiiiiiiiiiiieiieeteseete ettt n 3-4
Figure 3-2. Flowchart for Externally Clocked Analog Input Readings..........cccccocveeieiiniiiininicnieiiniccnes 3-4
Figure 3-3. Flowchart for Multiple-Channel Analog Input Readings .........ccccecceeierieiinieiineee e 3-14
Figure 3-4. Flowchart for Externally Clocked Multiple-Channel Analog Input ..........c.cceceverieniniineenencnne. 3-15
Figure 4-1. Immediate Update Analog Output FIOWChAIT ......cccceevuiiiiiiiiiiiiiiiiieieeieeeeeveeiee e 4-2
Figure 4-2. Delayed Update Analog Output FIOWCQhATIT.........cooiiiiiiiiiiiiiiiiiiieeeeeeeeee e 4-3
Figure 5-1. Flowchart for Latched Digital Group INPUL .......ccooieiiiieiiiiiiieeeeeeeeee e 5-8
Figure 5-2. Flowchart for Latched Digital Group OULPUL ........cccoevieiirieiiinieieieee sttt 5-9
Figure 5-3. Digital Scanning Input Group Handshaking Connections...........cc.cceceverveenerneenennenennieneenieneens 5-24
Figure 5-4. Digital Scanning Output Group Handshaking CONNECtiONS ........c.cevveerveeriienieeniieniieenieesieenieennnens 5-25
Figure 6-1. NB-MIO-16X Interval SCANNINg .........ccccoieviirieiiirieieiieieeeeeeeeie ettt s 6-2
Figure 6-2. SCAN_Demux Buffer Translation for the NB-MIO-16 and NB-MIO-16X .........ccccoecevvreennrnnen. 6-31
Figure 6-3. SCAN_Demux Buffer Translation for the Lab and 1200 Series ........cc.ccecceveeviereeneneeneneeneneene 6-31
Figure 6-4. Scan and Sample INEIVALS .......coiiiiriiiiiiiieeee ettt eas 6-34
Figure 6-5. Double-Buffered Acquisition Buffer and BIOCKS ........ccccueviiiiniiiiiiinieniiiieccceccecee e 6-43
Figure 6-6. First Execution of DAQ2Get and DAQ2Z2TaP.....ccueruiiriiiiiiiiie ittt ettt st et eiee e 6-44
Figure 6-7. Second Execution of DAQ2Get and DAQZTAP .....ccccooueeieniieiiniiiiniciieeeieeeeeeee e 6-44
Figure 6-8. Executing DAQ2Get and DAQ2Tap when Overwrite Occurred ..........ceceveereeneereneenenieneeneene 6-45
Figure 6-9. Single-Channel, Double-Buffered ACqUISItION .........cccccueviririririnininieneiciceeeereeeceeee e 6-45
Figure 6-10. Multiple-Channel, Double-Buffered Acquisition (MIO Boards) ......cc.ccocceverieneniieneniiencenienene. 6-46
Figure 6-11. Multiple-Channel, Double-Buffered Acquisition (Lab and 1200 Series) .......ccocceeveveecveneeuennennee 6-46
Figure 6-12. Minimum Function Flowchart for Multiple-Channel Data AcquiSition ..........cccceeeveevierieeneennnen. 6-61
Figure 6-13. Multiple-Channel Data Acquisition with Optional Coupling and Triggering Configuration......... 6-62
Figure 7-1. The SCXI SYSIEIM ....ocuiertiiieiiiienieeteittete sttt ettt ettt et e st este s beetesbeebe s bt et e e bt et e ebeeteeneeneeens 7-1
Figure 7-2. General SCXIDUS APPLICALION ...ooueiriiriiriiiieniiiieniieieett ettt sttt sttt sbeeabesbeenenbeens 7-14
Figure 7-3. Single-Channel or Software-Scanning Operation Using the SCXI-1100, SCXI-1102,

SCXI-1120, SCXI-1121, SCXI-1122, or SCXI-1141 in Multiplexed Mode .........ccccecerererennenne. 7-16
Figure 7-4. Single-Channel or Software-Scanning Operation Using the SCXI-1140 in Multiplexed Mode... 7-18
Figure 7-5. Channel-Scanning Operation Using Modules in Multiplexed Mode .........ccecceviereriiienienennnn. 7-20
Figure 7-6. Single Channel or Software-Scanning Operation Using the SCXI-1140 in Parallel Mode .......... 7-22
Figure 7-7. Channel-Scanning Operation Using the SCXI-1140 in Parallel Mode.........c.cccocevvieninciinieniennenne. 7-23
Figure 8-1. Counter BIOCK DIagram .........cocceeiiiiiiiiiiiiiniiiiiieiieeieeite ettt ettt ettt bt et e sabeesatesnbee e 8-1
Figure 8-2. Counter Timing and Output TYPES .......cccerieriiiiiiiieieeeeeeeee ettt 8-3
Figure 8-3. NB-MIO-16 Counter/Timer Signal CONNECLIONS.........ccveruerierieeietieienteeiesteeeeeeeeneeeeee e eneesaeeneas 8-4
Figure 8-4. NB-MIO-16X Counter/Timer Signal CONNECHIONS ....c..eeveruieieriieieniieieniteiesitenie et eiee e eee e 8-5
Figure 8-5. NB-DMA-8-G and NB-DMA2800 Counter/Timer Signal Connections.......c..cc.cceeeveeruereenuennnee 8-6
Figure 8-6. NB-A2000 Counter/Timer Signal CONNECHONS .....cccueeruierrieerieiiienieeieenieeieesteesieestesbeessesseenes 8-7
Figure 8-7. NB-TIO-10 Counter/Timer Signal CONNECHIONS ......eeueeruieriieiriieiiienitenieenitesteeteeeieeieesreesieesaeees 8-8
Figure 8-8. Pulse Generation TIMING .......ccccceeiieiiieiiinieiiinieiteeteie ettt ettt sr e saeenesreene e enesaees 8-19
Figure 8-9. Pulse Timing for pulse_width = 0 ......ccccoiiiiiiiiiiiiiiii et e 8-20
Figure 8-10. SqUare Wave TIMING ........cccoooieriiiiniiiereetert ettt ettt sttt st e sttt esbesstesbe st e sbeesaesbeennesbeens 8-23
Figure 8-11. Interval Counter BIOCK DIiagram .......c..ccocooieiiiiiiiiiiiiniiniiiiiieniceescee ettt 8-25
Figure 8-12. Lab and 1200 Series Counter/Timer Signal CONNECLIONS .........ceevveerverieeniienieeniienieenieesveeneesnnees 8-26
Figure 8-13. DAQCard-500 and DAQCard-700 I/O Counter/Timer Signal Connections ..........ccecceevveerversueenne 8-27
Figure 8-14. Mode 0 Timing Diagram..........ccccociiiiiriiiiiiieniiiieieeeee ettt et ene s 8-29
Figure 8-15. Mode 1 Timing DIagraml........cccceieruiriirierienienieieieeeiieieee ettt st et see ettt eve et st s ene e e 8-29

NI-DAQ Software Reference Manual for Macintosh Xiv © National Instruments Corporation



Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure

8-16.
8-17.
8-18.
8-19.
8-20.
8-21.
8-22.
8-23.
8-24.
8-25.
8-26.
8-27.
8-28.
8-29.
8-30.
8-31.
8-32.

10-1.
10-2.
10-3.
10-4.
10-5.
10-6.
10-7.
10-8.

D-1.
D-2.

Contents

Mode 2 Timing DIagram.......ccccccuieiiiieiiiiieienieieeeee ettt et st s eaesanes 8-30
Mode 3 Timing DIAGIAM .....c.ceuieiiiiieitieiere ettt ettt ettt et esee bt et e sseeneesseebesaeensesneas 8-30
Mode 4 Timing DIAIam .......co.eeiuiiiiiiiiieeeieee ettt ettt ettt ettt e b bt eaesaeenbesaeen 8-30
Mode 5 Timing DIagram .......coceeouerieriiriinieienieeteeeee ettt ettt sttt et st e e et enaesaees 8-30
SiMPle EVENt COUNTING ...cccveiriiiiiierieeitenieeteerite et site et e siteebeesiteebeestaessbeesaaesnbeesasesnseesasesseesssenn 8-38
Single Period MEaSUTEIMENT .......ccviiriieriiiriieeieeieesteeite sttt e site et e st e sbeesabeebeesateebeesaeeebeesanesanes 8-39
Single Pulse-Width MEaSUIEMENL ..........c..cocuirieiiriiiiiiiieienieteeeett ettt s 8-41
Single Triggered Pulse Width MEasurement ..........c.ceouieuieriirieniieienieeie ettt 8-43
SiNgle PulSe GENETAtION .....cc.eevuieiiriieieitieieeetete ettt ettt et sttt et sbe et e b et e s bt et sbe et e eaeeneeene 8-45
Single Triggered Pulse GENeration ...........ccccooeevieriirieniinienieiiniieie ettt s sieens 8-46
Retriggerable Pulse GENETatiON..........cocuieriierieiiiienieeiienieeieesiteeteesitesbeestesbeesaseesseessseenseesssesnses 8-47
Pulse Train GENETAtION .........cocecereeriirieriieienieeteneete ettt ettt e e bt een et eenesseessesaeennesaeesesnnes 8-49
Frequency Shift KEeYIng ......c.ccooiiiiiiiiiiiet et 8-50
Buffered Event COUNTING .......coceiieiiirieieei ettt ettt st ettt s e e s st ebeestesteeneeneeeneeseeenes 8-51
Buffered Period MEaSUIEMENL .........cc.couerveieieieuirireniteiteeste sttt sttt sseseenese et eneesesaesaeesesuesaens 8-53
Buffered Semi-Period MEasurement . .........ccevuevieieieieieieiiieiniesteetesie sttt 8-54
Buffered Pulse Width MEasurement ............c.cocevuereeriiiienirienenieneeteneetese et sreeee e saee e eaees 8-56
Asynchronous Waveform Generation FIOWchart ............c..coccooiiiiiiiiininiiniiceeceeeeeen 10-9
Synchronous Waveform Generation FIOWChAIT...........cccoeiiiiiiiiiiniiieee e 10-10
Double-Buffered Waveform Generation FIOWChart ..........cccocoecevirinininincnenencieeieeeceeeeen 10-11
Waveform Master Buffer SCheme ... 10-15
BWEF Function FIOWCRhAIT .....c..ccouiiiiiiiiiiiiiiceeneec ettt s 10-25
Circular Waveform Buffer and BIOCKS .........c.ccociiiiiiiniiiiiniciicicccccceenccc e 10-26
Streaming from Disk Application HInts ..........cccccocooiiiiiiiiiiiiiiic e 10-28
Function Generator Application HINES .........cccceeviiiririninicninineneneteteeeeeeeeee et 10-29
Strain Gauge Bridge Configurations ............ccoeevuerirrieniinienieiienitenieetene ettt D-6
Circuit Diagram of a Thermistor in a Voltage Divider .........cccccovvuieviiniiinieniieeniiesieeee e D-8

© National Instruments Corporation Xxv NI-DAQ Software Reference Manual for Macintosh



Contents

Tables
Table 1-1. NI-DAQ for Macintosh Hardware CompatibDility .........cccceeveerieriiienieniiienienieenieesieeiee e eniee e 1-3
Table 2-1. E Series Signal Name EQUIVAIENCIES .....c..cccueiuiiiiiriiiiiiniiiinicieeecie ettt 2-29
Table 3-1.  Analog INPUt RANZES ....c.ooiiiiiiiiiiiieee ettt sttt et 3-2
Table 3-2. Valid channelCount and channels Settings for the NB-A2000 and the NB-A2150 ...................... 3-19
Table 3-3. Valid channelCount and channels Settings for the NB-A2100.........ccccccveriirviiinienieinienieeneeeeeen 3-19
Table 4-1. Analog Output CharacteristicCs SUMMATY ........c..cceeiieriieiiiniieiienieiereee et 4-1
Table  6-1. Hardware CharaCteriStICS ........coerueruerierieieiiieiteiieeee ettt sttt ettt e et et eae et saesae b sbesaens 6-1
Table 6-2. Maximum Data Acquisition Rates for Single Channels on the NB-MIO-16 ..........c..ccccceeeuinnne. 6-3
Table 6-3. Recommended Settling Time Versus Gain for the NB-MIO-16 ........c.ccoceeviiriiiniinciennienieeieens 6-4
Table 6-4. Maximum Data Acquisition Rates for Multiple Channels on the NB-MIO-16...........c..cccceueunee. 6-4
Table 6-5. Maximum Data Acquisition Rates for Single Channels on the NB-MIO-16X ..............c.ccceee. 6-5
Table 6-6. Recommended Settling Time Versus Gain for the NB-MIO-16X ..........ccccceviiiiniiiininnieeenne 6-5
Table 6-7. Maximum Data Acquisition Rates for Multiple Channels on the NB-MIO-16X ...........c.cccceuneee. 6-5
Table 6-8. Recommended Settling Time Versus Gain for the Lab and 1200 Series ........ccccceeeevevcveneeeennenne. 6-7
Table 6-9. Maximum Data Acquisition Rates for Multiple Channels on the Lab and 1200 Series................. 6-7
Table 6-10. Maximum SCXI Data AcquiSition RateS..........covueruiiriiiiiiiniiiiienieeieerteeieerte ettt 6-11
Table 6-11. Maximum NB-A2000 Data Acquisition Rates ..........cccoeceeruieiinieiinieiineeicnceeeeeeece e 6-56
Table 6-12. Minimum Scan Rate Values on the NB-A2000..........cccceiiririiriinieent et 6-67
Table 6-13. Valid Combinations of MDAQ_Setup Parameters ...........cccceceveevenienenienienieneeiesieeeseee e 6-69
Table 9-1. NB-MIO-16 RTSI BUS S1ZNALS ....ccoctiiiiiiiiiiiiieiieiteeieete ettt sttt ettt e s e saee s 9-1
Table 9-2. NB-MIO-16X RTSI BUS Si@NALS ....ccciiiiiiiiiiiiiieeieeite ettt et sttt et b 9-2
Table 9-3. NB-DMA-8-G and NB-DMA2800 RTSI Bus Signals .......ccccevereruiniinenenienieieieieeeeneneseeeeenes 9-3
Table 9-4. NB-DIO-32F RTSI BUS SIZNAIS ....ccueruiriiiiiiieieieieteiteeeeeeteee sttt ettt et eee v s saenes 9-4
Table 9-5. NB-AO-6 RTSIBUS SIZNAIS ....couiriiiiiriiiiiiieieicieieitet ettt s s 9-4
Table 9-6. NB-A2000 RTSIBUS SIZNAIS ....ooueiiiriiiiiriiiiiniieieeteieetete ettt sttt et 9-4
Table 9-7. NB-A2100 RTST BUS SIZNALS ..ccoutiiiiiiiiiiieiieeiteiteeieete ettt sttt ste et st e sabeeaeesaae s 9-6
Table 9-8. NB-A2150 RTST BUS SIZNALS ..cooutiiiiiiiiiiiiieeiteiteeteete ettt ettt ettt e be e n 9-6
Table 9-9. NB-TIO-10 RTSTBUS SIZNAIS ...cveieuiiiiiieiiiiiiiieeenicneeeteste sttt ettt sae et 9-7
Table 10-1. Waveform Generation DMA ReqQUITEMENLES ..........ccceeririiniieiiinieieniieie ettt 10-1
Table 10-2. Conditions When You Can Use Double-Buffered Waveform Generation...........ccccceceeeeerennnne. 10-10
Table 10-3. Conditions When You Can Use Double-Buffered Waveform Generation ..........cc.cceceecveeeeiencene. 10-13
Table A-1. NI-DAQ for Macintosh Function and Device SUppOIt.........ccccoceevirieririienienieinieeeeeeeeeeeeee A-1
Table A-2. SCXI Function and Hardware SUPPOIT ........cc.eeiiiiieieriieieit ettt A-7
Table B-1. NI-DAQ EITOr COUES .....couiiiiiiiiiieiiiieeiee ettt ettt e ettt e et e e e bt eeeaveeeetveeeeabeeeensseeesseeenssesennns B-1
Table C-1. Analog Input Channel RANGE..........coccviiiiiriiiiiiiieiiieite ettt st sttt C-1
Table C-2. External Multiplexer Channels ...........cccccooieiiiiiiiiiiiiiicceee e C-1
Table C-3. AMUX-64T Scanning Order for Each MIO Board Input Channel...........c.coceiiriiininiinieiee C-3
Table D-1. Valid Thermocouple Temperature Ranges and ACCUIACIES......ccceevvirierirriinernieneeieneeieneeieniens D-3
Table E-1. Valid Analog Input Channel SEtNES ........coocveeiiirieriiiiiie ettt ettt esaee s s E-1
Table E-2. Valid RetUIn ValUES......cccceeeiiiiiiiiiiiiiiiiiieteee ettt ettt sttt st e st et e E-2
Table E-3. The Values of maxReading and max VoIt ........ccooiiiiiiiiinieiriee e E-2

NI-DAQ Software Reference Manual for Macintosh xvi © National Instruments Corporation



About This Manual

The NI-DAQ Software Reference Manual for Macintosh is for users of the NI-DAQ software for Macintosh
version 4.8, which contains low-level interfaces for developing data acquisition applications with the National
Instruments data acquisition devices. This manual describes how to configure the data acquisition interface boards
for use with this software, how to install the NI-DAQ software for Macintosh, and how to communicate with the
device drivers using C, Pascal, or FutureBASIC.

Assumption of Previous Knowledge

The material in this manual is for users who are familiar with Macintosh computers.

Organization of This Manual

The NI-DAQ Software Reference Manual for Macintosh is organized as follows:

»  Chapter 1, Getting Started, will help you get started using NI-DAQ for Macintosh to build your data acquisition
application for National Instruments DAQ hardware.

»  Chapter 2, Board-Specific Functions, describes the functions for configuring and calibrating the boards.
»  Chapter 3, Analog Input Functions, describes the functions for single A/D conversions.
e Chapter 4, Analog Output Functions, describes the functions for single D/A conversions.

»  Chapter 5, Digital I/O Functions, describes the functions used to read from and write to digital ports, which can
be addressed as a single entity or as individual digital lines.

»  Chapter 6, Data Acquisition Functions, explains the functions used for performing data acquisition operations.
Single-channel acquisition, multiple-channel scan acquisition, interval scanning, pretrigger mode, posttrigger
mode, double-buffered mode, and AMUX-64T multiplexer mode are all documented.

e Chapter 7, SCXI Functions, describes functions used to configure and communicate with SCXI modules and
chassis.

e Chapter 8, Counter/Timer Functions, describes the functions that perform timing I/O and counter operations
such as pulse generation, frequency generation, and event counting.

e Chapter 9, RTSI Bus Trigger Functions, describes the functions used to connect and disconnect signals over the
RTSI bus trigger lines for the NB Series boards.

e Chapter 10, Waveform Generation Functions, describes the functions for generating analog waveform signals at
the analog output channels for the NB Series boards.

e Chapter 11, NI-DAQ for Macintosh Examples, describes the examples included in the NI-DAQ for Macintosh
software. These examples show you how you can use various NI-DAQ for Macintosh functions in actual
applications.

* Appendix A, NI-DAQ for Macintosh Function and Board Compatibility, contains a table of the National
Instruments boards that work with NI-DAQ for Macintosh and the functions that work with each board, as well
as a table of National Instruments SCXI chassis and modules that work with NI-DAQ for Macintosh and the
functions that work with each element of SCXI hardware.
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*  Appendix B, Error Codes, lists the error codes NI-DAQ for Macintosh returns, including the error number,
name, and description. Each function returns an error code that indicates whether the function was performed
successfully.

*  Appendix C, Using an External Multiplexer, contains information on using the AMUX-64T.

*  Appendix D, Transducer Conversion Routines, describes the transducer conversion routines included in
NI-DAQ for Macintosh. You can use these routines to convert analog input voltages read from thermocouples,
RTDs, and strain gauges into units of temperature or strain.

* Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation, lists the valid channel and gain
settings for DAQ boards, describes how NI-DAQ calculates voltage, and describes the measurement of offset
and gain measurement.

*  Appendix F, Customer Communication, contains forms you can use to request help from National Instruments
or to comment on our products and manuals.

*  The Glossary contains an alphabetical list and description of terms used in this manual, including abbreviations,
acronyms, metric prefixes, mnemonics, and symbols.

*  The Index contains an alphabetical list of key terms and topics used in this manual, including the page where
each one can be found.

Each chapter is introduced with a list of the National Instruments boards that you can use for the operations under
discussion and a brief description of individual board features. This introduction is followed by a list of the

functions that perform these operations. The remainder of each chapter contains a detailed description of each
function.

Conventions Used in This Manual

The following conventions are used in this manual.

bold Denotes menus, menu items, options, parameters, or data types.

bold italic Denotes a note, caution, or warning.

DIO boards Refers to the DAQCard-DIO-24, NB-DIO-24, NB-DIO-96, NB-DIO-32F, and
PCI-DIO-96.

DMA board Refers to the NB-DMA-8-G or NB-DMA?2800.

E Series device Refers to the PCI-MIO-16XE-50.

italic Denotes emphasis, a cross reference, or an introduction to a key concept.

Lab and 1200 boards Refers to the Lab-NB, Lab-LC, PCI-1200, and DAQCard 1200.
MIO boards Refers to the NB-MIO-16, NB-MIO-16X, and PCI-MIO-16XE-50.

monospace Text in this font denotes text or characters that are to be literally input from the keyboard,
sections of code, programming examples, and syntax examples. This font is also used for
the proper names of disk drives, paths, directories, programs, subprograms, subroutines,
device names, functions, variables, filenames, and extensions, and for statements and
comments taken from program code.

italic monospace lItalic text in this font denotes that you must supply the appropriate words or values in the
place of these items.
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About This Manual

<> Angle brackets enclose the name of a key on the keyboard—for example, <enter>.

<enter> Key names are lowercase.

Macintosh Macintosh refers to all Macintosh II, Macintosh Quadra, Macintosh Centris, Macintosh
LC, and Power Macintosh computers.

NI-DAQ NI-DAQ refers to the NI-DAQ software for Macintosh.

Abbreviations, acronyms, metric prefixes, mnemonics, symbols, and terms are listed in the Glossary.

About the National Instruments Documentation Set

The NI-DAQ Software Reference Manual for Macintosh is one piece of the documentation set for your data
acquisition system. You could have any of several types of manuals, depending on the hardware and software in
your system. Use the manuals you have as follows:

Getting Started with SCXI—If you are using SCXI, this is the first manual you should read. It gives an
overview of the SCXI system and contains the most commonly needed information for the modules, chassis,
and software.

Your SCXT user manuals—If you are using SCXI, read these manuals for detailed information about signal
connections and module configuration. They also explain in greater detail how the module works and contain
application hints.

Your DAQ hardware user manuals—These manuals have detailed information about the DAQ hardware that
plugs into your computer. Use these manuals for hardware installation and configuration instructions,
specification information about your DAQ hardware, and application hints.

Software manuals—Examples of software manuals you may have are the LabVIEW manual sets and the
NI-DAQ manual. After you set up your hardware system, use either the application software (LabVIEW)
manuals or the NI-DAQ manual to help you write your application. If you have a large and complicated
system, it is worthwhile to look through the software manuals before you configure your hardware.

Accessory installation guides or manuals—If you are using accessory products, read the terminal block and
cable assembly installation guides or accessory board user manuals. These are the terminal block and cable
assembly installation guides. They explain how to physically connect the relevant pieces of the system.
Consult these guides when you are making your connections.

SCXI chassis manuals—If you are using SCXI, read these manuals for maintenance information on the chassis
and installation instructions.

Customer Communication

National Instruments wants to receive your comments on our products and manuals. We are interested in the
applications you develop with our products, and we want to help if you have problems with them. To make it easy
for you to contact us, this manual contains comment and configuration forms for you to complete. These forms are
in Appendix F, Customer Communication, at the end of this manual.

© National Instruments Corporation Xix NI-DAQ Software Reference Manual for Macintosh



Chapter 1
Getting Started

This chapter will help you get started using NI-DAQ for Macintosh to build your data acquisition application for
National Instruments DAQ hardware. NI-DAQ for Macintosh contains programming language interfaces for the
following environments:

MPW C/C++ for Macintosh

MPW C/C++ for Power Macintosh
THINK C/Symantec C++ for Macintosh
Symantec C/C++ for Power Macintosh
Metrowerks C/C++ for Macintosh
Metrowerks C/C++ for Power Macintosh
MPW Pascal for Macintosh

THINK Pascal for Macintosh
Metrowerks Pascal for Macintosh
Metrowerks Pascal for Power Macintosh

Zedcor FutureBASIC for Macintosh

Figure 1-1 shows the steps to install your hardware and software, configure your hardware, and begin using
NI-DAQ in your application programs.

If you will be accessing the NI-DAQ device drivers through LabVIEW, you should read the NI-DAQ Installation for
LabVIEW section, then use your LabVIEW Data Acquisition VI Reference Manual to help you get started using the
data acquisition VIs in LabVIEW.

© National Instruments Corporation
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Figure 1-1. Steps to Begin Using NI-DAQ
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NI-DAQ for Macintosh Overview
NI-DAQ for Macintosh Hardware Compatibility

Table 1-1. NI-DAQ for Macintosh Hardware Compatibility

Plug-in Boards External Devices SCXI
DAQCard-500 AMUX-64T SCXI-1000
DAQCard-700 SC-2040 SCXI-1001
DAQCard-1200 SC-2042 SCXI-1100
DAQCard-DIO-24 SC-2043 SCXI-1102
DAQCard-AO-2DC SC-2070 SCXI-1120
Lab-LC SC-2071 SCXI-1121
Lab-NB SCXI-1122
NB-A2000 SCXI-1124
NB-A2100 SCXI-1140
NB-A2150 SCXI-1141
NB-AO-6 SCXI-1160
NB-DIO-24 SCXI-1161
NB-DIO-32F SCXI-1162
NB-DIO-96 SCXI-1162HV
NB-DMA-8-G SCXI-1163
NB-DMA2800 SCXI-1163R
NB-MIO-16

NB-MIO-16X

NB-PRL

NB-TIO-10

PCI-1200

PCI-DIO-96

PCI-MIO-16XE-50

NI-DAQ for Macintosh also works with all Second Wave Expansion Chassis that support NuBus-to-NuBus or PCI-
to-NuBus conversion. Furthermore, NI-DAQ for Macintosh supports the Newer Technology NuBus-to-PC Card or
PCI-to-PC Card expansion modules.

NI-DAQ for Macintosh Clones

In order for NI-DAQ to identify the NuBus devices installed in your computer, the NI-DAQ NuBus interface
requires information about the computer. By default, NI-DAQ may not recognize the presence of the NuBus on
certain Macintosh clone machines. However, you can configure NI-DAQ to request the needed information from
your Macintosh clone. To activate the configuration sequence, install NI-DAQ, disconnect all expansion chassis,
restart your computer, and press and hold <command> <+> or <command> <shift> <=> until the boot sequence is
complete. Once the boot sequence is complete, you will see your NuBus devices in the control panel.
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NI-DAQ for Macintosh Function Summary

The NI-DAQ for Macintosh software contains the following groups of functions:

*  Board-Specific

*  Analog Input

*  Analog Output

» Digital I/O

* Data Acquisition

* SCXI

*  Counter/Timer

*  RTSI Bus Trigger

*  Waveform Generation

An overview of the individual functions within each group is at the beginning of chapters 2 through 10.

NI-DAQ for Macintosh can use only non-GPIB functions; that is, NI-DAQ for Macintosh does not work with the
NB-GPIB board or the GPIB interface on the NB-DMA-8-G and NB-DMA?2800 boards. The National Instruments

NI-488 or LabVIEW software have GPIB functions; if you use GPIB functions, you can install the NI-488 software
in addition to NI-DAQ for Macintosh. These two packages run cooperatively on Macintosh computers.

Installing the NI-DAQ Software for Use with LabVIEW

The LabVIEW installation program installs the NI-DAQ software for you. However, the NI-DAQ software that is
included with your DAQ hardware may be a more recent version than the NI-DAQ software that LabVIEW
installed.

To ensure that the correct NI-DAQ version is installed, follow these steps:

1. If you had a previous version of NI-DAQ or LabVIEW installed, and you had configuration information entered
in the NI-DAQ Config, NI-DAQ Utilities, or NI-DAQ control panel, open that control panel and
record your configuration information. You will have to enter that information again once you have installed
the new software.
Any new versions of NI-DAQ after version 4.8 will have the ability to read configuration information from the
previous control panel; you will not have to enter the configuration information again after you have entered it
in NI-DAQ version 4.8.

2. Install LabVIEW first. Follow the LabVIEW installation instructions that came with your LabVIEW package.

3. Insert the NI-DAQ for Macintosh disk 1 into your disk drive. There is one file on that disk—the NI-DAQ
Installer. Openthe NI-DAQ Installer by double-clicking on its icon.

4. Click on the Read Me button; it will display important late-breaking information that is not included in this
manual. The Read Me information may also contain important installation instructions. If the instructions
there differ from the instructions here, you should follow the instructions displayed by the Read Me button.

5. Drag the NI-DAQ icon to your startup drive to update NI-DAQ.
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The NI-DAQ Installer will check the NI-DAQ version that was installed by LabVIEW. If LabVIEW
installed a newer NI-DAQ version than the one included with this package, the NI-DAQ Installer will not
install anything. Remove the NI-DAQ for Macintosh disk and restart your machine to load the NI-DAQ drivers
if you have not already done so after the LabVIEW installation. Continue by reading the LabVIEW for
Macintosh Data Acquisition VI Reference Manual. You no longer need this manual.

If the NI-DAQ version included with this package is newer than the one installed by LabVIEW, the NI-DAQ
Installer will install the new NI-DAQ version and remove the old version.

The NI-DAQ Installer will install two files:

* The NI-DAQ file in the Control Panels folder contains all of the data acquisition and SCXI drivers that are
required to run your DAQ hardware.

* The NI-DMA/DSP file in the Extensions folder contains DMA and DSP drivers that are shared by
NI-DAQ, NI-488, and NI-DSP.

You should continue by reading your LabVIEW for Macintosh Data Acquisition VI Reference Manual. If that
manual makes reference to the NI-DAQ Utilities control panel, use the NI-DAQ control panel instead.
To open the NI-DAQ control panel, double-click on the NI-DAQ icon.

Installing Your National Instruments Hardware

1.

2.

Turn off your Macintosh computer.

Check the user manuals that came with your plug-in boards to determine if you need to change any jumper
settings. Some DAQ boards have jumpers to set analog input polarity, input mode, analog output reference, and
so on. Be sure to record any jumper settings you change so that you can enter the information correctly in the
configuration utility later.

Insert your plug-in DAQ boards and your DMA board, if any, into your Macintosh computer.

If you have a DMA board (NB-DMA-8-G or NB-DMA2800) you must connect it to your other DAQ boards
using a RTSI cable. NI-DAQ will detect the DMA board automatically and will attempt to use DMA for data
transfers if possible. The DMA operation will not function properly if you do not connect your boards with the
RTSI cable. If you are using a Second Wave expansion chassis and/or two or more DMA boards, you can use
the NI-DAQ control panel to help you cable your RTSI buses properly. See the Devices section later in this
chapter for more information.

If your DAQ board does not support DMA (it does not have a RTSI connector) or if you do not have a DMA
board in your system, NI-DAQ will use interrupts for data transfers instead of DMA.

If you have SCXIT hardware, read the next section for SCXI installation instructions. If you do not have SCXI
hardware, turn on your computer and go to the Installing the NI-DAQ for Macintosh Software section.

Installing Your SCXI Hardware

The Getting Started with SCXI manual that came with your SCXI hardware contains step-by-step detailed
instructions for assembling your SCXI system, including module jumper settings, cable assemblies, and terminal
blocks. The basic steps are as follows:

1.

Check the jumpers on your modules. You should almost always leave the jumpers in their default positions. The
Getting Started with SCXI manual has a section for each module type that lists the cases where you may want to
change the jumper settings. The SCXI-1120, SCXI-1121, and SCXI-1140 modules have jumper-selectable
gains for each channel.
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Make sure the chassis power is turned off. Plug your modules in through the front of the chassis. You can put
the modules in any slot; for simplicity start with slot 1 on the left side of the chassis and move right with
additional modules. Be sure to screw the modules tightly into the chassis frame.

If you are using an SCXI-1180 feedthrough panel, you must install the SCXI-1180 in the slot immediately to the
right of the module that you will cable to the DAQ board. Otherwise, the cable connectors may not fit together
conveniently.

Plug the appropriate terminal blocks into the front of each module and screw them tightly into the chassis frame.

If you have more than one chassis, select a unique jumpered address for each additional chassis by using the
jumpers directly behind the front panel of the chassis.

Connect the mounting bracket of the SCXI-134x cable assembly to the back of one of the modules and screw it
into the chassis frame. Connect the other end of the cable to a DAQ board in your computer. In Multiplexed
mode, you need to cable only one module to the DAQ board, and in most cases it does not matter which
module. There are two special cases:

* If you are using SCXI-1140 modules along with other types of modules, you need to cable one of the
SCXI-1140 modules to a DAQ board.

* If you are using analog input modules along with other types of modules, you need to cable one of the
analog input modules to a DAQ board.

Refer to the Getting Started with SCXI manual if you need more in-depth information on related topics, such as
multichassis cabling.

Turn on your chassis power.

Turn on your computer.

Installing the NI-DAQ for Macintosh Software

Warning: Do not use the NI-DAQ for Macintosh 4.8 language interface and examples with earlier versions of

NI-DAQ for Macintosh or NB LabDriver installed, and vice versa. To use applications created with
earlier versions of NI-DAQ for Macintosh or NB LabDriver, make sure to replace the language
interfaces from the earlier version with the NI-DAQ for Macintosh 4.8 language interfaces.

Follow these steps to install your new NI-DAQ for Macintosh software:

1.

If you had a previous version of NI-DAQ installed, and you had configuration information entered in the
NI-DAQ Config, NI-DAQ Utilities, or NI-DAQ control panel, open that control panel and record your
configuration information. You will have to enter that information again once you have installed the new
software.

Any new versions of NI-DAQ after version 4.8 will have the ability to read configuration information from the
previous control panel; you will not have to enter the configuration information again after you have entered it
in NI-DAQ version 4.8.

Insert the NI-DAQ for Macintosh disk 1 into your disk drive. There is one file on that disk—the NI-DAQ
Installer. Openthe NI-DAQ Installer by double-clicking on its icon.

Click on the Read Me button; it will display important late-breaking information that is not included in this
manual. The Read Me information may also contain important installation instructions. If the instructions

there differ from the instructions here, you should follow the instructions displayed by the Read Me button.

Drag the NI-DAQ icon to your startup drive to install or update NI-DAQ.
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5. After the NI-DAQ driver installation is complete, you can install one or more language interfaces by clicking on
the Show Other Installations button in the top left corner of the installer window, selecting one or more
interface icons, and dragging them to the desired disk.

6. If you have not done so already, restart your computer to install your device drivers.

7. The NI-DAQ Installer will install two files:

* The NI-DAQ file in the Control Panel folder contains all of the data acquisition and SCXI drivers that are
required to run your DAQ hardware.

* The NI-DMA/DSP file in the Extensions folder contains DMA and DSP drivers that are shared by
NI-DAQ, NI-488, and NI-DSP.

Using the NI-DAQ Control Panel to Configure Your
Hardware

Double-click on the NI-DAQ icon in the Control Panels folder. Upon opening, the NI-DAQ Control Panel displays
a list of all the devices in your Macintosh.

Devices

Once you have restarted your computer and NI-DAQ has installed successfully, you can use the NI-DAQ control
panel to view information associated with the devices in your computer, as shown in Figure 1-2.

S=——= NI-DAD EI
“.‘3’ 4.8.0
#* [Help]|Devices |
Active Devices i
deyijce: 4
niame HE-RZO00
type: 12
bus: HuBus
sochkeat: [
address: 0z fize 00000
OMA socket: E
RTS| bus: 1
deyijce: 22
niame FC1-1200
type: 353
bus: FCI k
sochkeat: Fz2
address: Q20001000
A

Figure 1-2. The NI-DAQ Control Panel

When the Devices portion of the control panel is active, you will see a document that provides the following
information for each device:

* device—The logical device number associated with the device. Use this number in your function calls or in
LabVIEW.

¢ name—The name of the device.
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» type—The value returned by Board_1ID or Get_DAQ_Device_Info.
*  bus—The bus the device belongs to.
*  socket—The name of the socket or slot in which the device is installed.

* address—The base address of the device. This field may not be accurate if the device is not a National
Instruments device.

*  DMA socket (NuBus only)—The location of the DMA device that will service this device.
*  RTSI bus (NuBus only)—The number of the RTSI bus for this device. This value is not important unless you
are using a Second Wave Expansion Chassis and/or two or more DMA devices. In either of these cases, cable

together all devices with the same RTSI bus number, and make sure to use separate cables for each distinctly
numbered bus.

Device Configuration

Select the Device Configuration option from the menu shown in Figure 1-3.

S} MI-DAO EI
4.8.0 |
’ Help
- g Device Configuration
Active Deuvi : ? :
SCHI Configuration
device: Errors
name : HE=H.ZLLIL
type: 12
bus: HuBus
socket: [
address: 0z fize 00000
OMA socket: E
RTSI1 bus: 1
devijce: 22
niame FC1-1200
type: 353
bus: FCI
socket: Fz2
address: Q2000 1000
A

Figure 1-3. Selecting Device Configuration in the NI-DAQ Control Panel

From the Device Configuration window, you can enter any jumper settings you changed when you installed your
board. For example, if you changed the jumper for analog input polarity on your NB-MIO-16 board, select the
appropriate setting from the Polarity menu. You can also edit the default settings for any parameters shown that are
software configurable. If you are using an accessory board with your DAQ board, choose the appropriate setting in
the Accessories menu.

Click on the device name to display the I/O connector pinout for the device, as shown in Figure 1-4. Click in the
display window to return to the control panel.

Use the I/O Subsystem menu to select which functional section of the board you are editing (ADC, DAC, DIO port,
and so on).

Figure 1-4 shows the NI-DAQ device configuration window.
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Figure 1-4. The NI-DAQ Device Configuration Window

Note: NI-DAQ contains function calls that you can use to change any of these parameters programmatically
Jrom your application.

If you have SCXI hardware, follow the instructions in the next section to configure your SCXI system with the
NI-DAQ Control Panel.

If you do not have SCXI hardware, continue by reading the appropriate sections in the Using the NI-DAQ for
Macintosh Language Interfaces section later in this chapter.

SCXI Configuration

To use SCXI with NI-DAQ, you must enter the configuration for each SCXI chassis using the NI-DAQ Control

Panel. Select the SCXI Configuration window from the menu shown in Figure 1-5.
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SO0=——= NI-DAl =——|

v Devices

- v Device Configuration

SCHI Configuration ;.
N Errors

1/0 Subsyst{EMADC U

|
Polarity|Bipolar |Mode|Differ... |
Range{20 0  |Speed|42 psec |
Accessories|None |

Channellz]] 0 [
Coupling|DC | Gain|1 |
LE - P40 Gainl

Figure 1-5. Selecting the NI-DAQ SCXI Configuration Window

1. Leave the Chassis set to one. You will use this number to access the SCXI chassis from your application. If
you have multiple chassis, advance the Chassis to configure the next chassis after you finish configuring the
first chassis.

2. Select the appropriate chassis type for your chassis; this enables the remaining fields on the panel.

3. If you have additional chassis, you need to select a unique hardware-jumpered address for each chassis and
enter it in the Address field. If you have only one chassis, leave this field and the address jumpers on your
chassis set to zero.

4. Leave the Method set to Serial, which means that NI-DAQ communicates with the chassis serially using a DIO
port of the plug-in DAQ board. The Path automatically sets itself to the device number of the appropriate DAQ
board when you enter the Cabled Device information in step 5b.

5. Enter the configuration for each slot in the chassis. The fields in the bottom two sections of the window reflect
the settings for the selected Module number. For each SCXI module you install, you must set the following
fields:

a. Module Type-Select the correct module type for the module that is installed in the current slot. If the
current slot has no module in it, leave this field set to None and advance the Module number to the next
slot.

b. Cabled Device-If the module in the current slot is directly cabled to a DAQ board in your computer, set
this field to the device number of that DAQ board. Leave the Cabled Device field at None if the module in
the current slot is not directly cabled to a DAQ board. If you are operating your modules in Multiplexed
mode, you need to cable only one module in each chassis to your plug-in DAQ board. If you are not using
Multiplexed mode, refer to the operating modes discussion in Chapter 7, SCXI Functions, for instructions
about module cabling and the Cabled Device field.

c. Operating Mode—Multiplexed mode is the default operating mode—it is recommended for almost all
SCXI applications. The operating modes available for each SCXI module type are discussed in Chapter 7,
SCXI Functions.

d. NI-DAQ does not use the menus in the bottom section of the window, the module configuration settings.
Only LabVIEW 3.0 and higher uses those settings. You can, however, use this section to record your
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settings for easy reference. You must set and keep track of your SCXI gain and filter settings using the
SCXT functions in your NI-DAQ application.

You can command-click on any input field to pop up a help window. You can also refer to Chapter 7, SCXI
Functions, if you need more detailed information on alternative SCXI configurations. Figure 1-6 shows the
NI-DAQ Control Panel with the SCXI Configuration window selected.

S1==——= NI-DAD0

W[ 4.8.0

Help ] [SCHI Configuration

|
Chassis|z] 1 [=):[scH1-1001 |

HddresslII

Module[=)] 1 [z]:[scHI-1120 |

Cabled I]eui[:e
Operating Mode|Multiplexed

Channel|=] 0 [
Filter Gain[1000

fnpal Mo

Figure 1-6. The NI-DAQ SCXI Configuration Window

Continue by reading the appropriate sections from the following Using NI-DAQ for Macintosh Language Interfaces

section.

Using the NI-DAQ for Macintosh Language Interfaces

This section presents an introduction to the NI-DAQ for Macintosh Language Interface portion of this manual. The
following sections discuss the various libraries used by the compiler environments, the organization of the include
files, the various data types NI-DAQ uses, and the changes in the error-handling scheme. The final section details

language-specific information.

Libraries
The NI-DAQ language-interface libraries are organized in the following hierarchy:
* 680x0 Libraries

— Apple

— Metrowerks

— National Instruments

— shared

© National Instruments Corporation
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— Symantec
d C/C++
. Pascal
— Zedcor
e PowerPC Libraries
— National Instruments
. LabVIEW 3.1.x
. LabVIEW 4.0.0
— shared
— static
The National Instruments libraries are updated versions of the DAQ VI libraries for LabVIEW 3.1.x and
LabVIEW 4. If you need to upgrade your LabVIEW 3.1.x or LabVIEW 4 installation, install the NI-DAQ interfaces
and use the Finder to move the entire contents of the appropriate library folder to the DAQ folder in LabVIEW’s
vi.1lib folder.
To use the shared libraries for 680x0-based Macintoshes, you must have CFM-68K installed (these libraries are
included in the shared folder); to install the libraries, use the Finder to move the contents of the shared folder to

the System Folder»Extensions folder on your startup disk.

To use the shared libraries for PowerPC-based Macintoshes, use the Finder to move the contents of the shared
folder to the System Folder»Extensions folder on your startup disk.

Whether you use the shared libraries or any of the static libraries, you will need to link the libraries with your object
code. For PowerPC-based Macintoshes, select the library you want. For 680x0-based Macintoshes, if you use a
static library with the Metrowerks, Symantec, or Zedcor environments, you will need to choose between AS5-relative
and A4-relative libraries; use A5-relative libraries for applications, and A4-relative libraries for all other cases. In

the Metrowerks and Symantec environments, you need to initialize A4 yourself when you use A4-relative libraries;
consult your development environment manuals for information on how to configure A4.

Include Files

The NI-DAQ language-interface include files are located in the following folders:

* preferred headers

* shared headers

e compatibility headers

If you are doing new development, you should use the files in the preferred headers folder. If you are
updating older code, you will probably want to use the files in the compatibility headers folder. In either

case, you will also need to use the files in the shared headers folder.

If you are using C or C+, it is very important that you use the new header files because the libraries have been
converted to use Pascal calling conventions.
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If you are using Pascal or BASIC, you will need to call the function set SourceLanguage with the constant
appropriate to your language; consult the header files for prototypes and language-selector constants. If you do not
call this function, certain functions that deal with 8-bit data will not work properly.

Data Types

The NI-DAQ interface libraries and headers now use the following types:
* signed, 8-bit integer data

* unsigned, 8-bit integer data

* signed, 16-bit integer data

* unsigned, 16-bit integer data

* signed, 32-bit integer data

* unsigned, 32-bit integer data

*  32-bit floating-point data

*  64-bit floating-point data

*  32-byte string data

Consult the language-specific sections for more information on which types are supported in your environment.

Error Codes

NI-DAQ now returns platform-independent error codes. If you are upgrading older programs, you may need to
change any values you searched for with hardwired values; in other words, if you did not use the error constants
defined in the interface headers, you will need to modify your source code. However, if you did use the constants
defined in the interface headers, you can use the compatibility headers to help you reduce the number of
modifications you need to make to your source code.

Also, the entry points for NI-DAQ no longer return system errors. Consequently, the global variable LDSysError
no longer exists.

Using NI-DAQ for Macintosh with C/C++

To use NI-DAQ with C/C++, include one of two files in your source file. If you are updating an existing program,
use ni_daqg_mac.h. If you are writing a new program, include nidaqg.h.

The data types used by NI-DAQ are defined in the file plat form.h. The following types are used:

e 18 signed, 8-bit integer data

* u8 unsigned, 8-bit integer data
e il6 signed, 16-bit integer data

e ulb unsigned, 16-bit integer data
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e 132 signed, 32-bit integer data

e u32 unsigned, 32-bit integer data
o 132 32-bit floating-point data

« fo4 64-bit floating-point data

e string32 32-byte string data

If you are using Metrowerks for 68K or THINK C, you must configure your project to use 8-byte doubles, or the
format of the f64 type will not be correct. In the THINK C environment, you may find it necessary to recompile
certain standard libraries in order to use 8-byte doubles.

The prototype for each NI-DAQ function is shown in the following chapters. As an example, consider the following
prototype:

locus i32 DAQ_VScale (u32 deviceNumber, u32 channel, u32 gain,
f64 gainAdjust, f64 offset, u32 count, il6 *readings,
f64 *voltages);

Notice the qualifier locus, which means location or place of origin. This qualifier shows a very important point—all
NI-DAQ functions now use Pascal calling conventions because we now provide unified libraries that you can use
with C/C++, Pascal, and BASIC. It is very important that you always include the NI-DAQ header files in your
source code—never use an NI-DAQ function without a prototype. If you are using THINK C, you must configure
your project to use THINK C language extensions in order for the pascal keyword to operate.

Also, notice that all parameters except readings and voltages are passed by value. In this case, both readings and
voltages are arrays; however, other functions may pass scalar values by reference. Consult the chapters that follow
for more information concerning the actual type of a pass-by-reference parameter. You can use the C/C++ operator
& to generate a pointer to a scalar or array item.

Using NI-DAQ for Macintosh with Pascal

To use NI-DAQ with Pascal, include the file nidagqg. p in your source or project. Before using any of the NI-DAQ
functions, you should call the function set SourceLanguage with a value of kSourceIsPascal; this
function is not discussed in the chapters that follow, but its prototype can be found in nidagqg. p, as can a definition
for kSourceIsPascal. The purpose of this function is to inform the library that the calling language is Pascal so
that strings are placed in Pascal format and 8-bit arrays are manipulated properly (because Pascal does not support 8-
bit data types).

The data types used by NI-DAQ are defined in the file nidaqg.p. The following types are used:

e 1il6 signed, 16-bit integer data

* pil6 a pointer to an 116

* ppil6 a pointer to a pointer to an 116
o 132 signed, 32-bit integer data

e pi32 a pointer to an 132

« 132 32-bit floating-point data

o pf32 a pointer to an f32
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« fo4 64-bit floating-point data
+ pfo4 a pointer to an f64
e string32 32-byte string data

The prototype for each NI-DAQ function is shown in the following chapters. As an example, consider the following
prototype:

function DAQ_VScale (deviceNumber : i32; channel : i32; gain : i32;
gainAdijust : f64; offset : f64; count : i32; readings : pilé6;
voltages : pf64) : i32;

Notice that all parameters except readings and voltages are scalars. In this case, both readings and voltages are

arrays that are passed by value using a pointer; however, other functions may pass scalar or array values by
reference. You can use the Pascal operator @ to generate a pointer to a scalar or array item.

Using NI-DAQ for Macintosh with BASIC

To use NI-DAQ with BASIC, specifically, FutureBASIC, include the file nidag.bas in your project. Before
using any of the NI-DAQ functions, you should call the function set SourceLanguage with a value of
kSourceIsBASIC; this function is not discussed in the chapters that follow, but its interface can be found in
nidaqg.bas, as can a definition for kSourceIsBASIC. The prototype for this function is as follows:

FN setSourcelanguage (languageTypeé&)

This function informs the library that the calling language is BASIC so that strings are placed in BASIC format and
8-bit arrays are manipulated properly (because BASIC does not support 8-bit data types).

The following types are used:

° % signed, 16-bit integer data
s & signed, 32-bit integer data
e ! 32-bit floating-point data
o # 64-bit floating-point data
+ 32-byte string data

e & a pointer to %, &, !, or #

You must configure your project to use six significant digits for single-precision floating-point data and 12
significant digits for double-precision floating-point data; if you use any other size, the NI-DAQ interface will not
function properly.

The prototype for each NI-DAQ function is shown in the following chapters. As an example, consider the following
prototype:

FN DAQ_VScale (deviceNumber&, channel&, gain&, gainAdjust#,
offset#, counté&, readingsé&, voltageség)

For this function, all parameters except readings and voltages are passed by value. However, because of the

manner in which BASIC passes parameters, it is not intuitive that readings and voltages are arrays. Because the
parameter types for BASIC are very similar to those used by Pascal, you can use the Pascal prototype to help you
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discern the actual type of a parameter. You can use the BASIC operator @ to generate a pointer to a scalar or array
item.
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Chapter 2
Board-Specific Functions

This chapter describes the functions for configuring and calibrating the boards.

Board-Specific Functions

The Board-Specific functions are used for configuring and calibrating boards.

A2000_Calibrate Calibrates the NB-A2000 A/D gain and offset values or restores them to the original
factory-set values. The gain and offset values calculated during calibration adjust the
accuracy of the readings from the four analog input channels.

A2000_Config Configures some special NB-A2000 features: selects the source of the sample clock
and whether or not to drive the SAMPCLK* line, chooses whether or not to add
dithering to the input signal, and chooses whether or not to use block-mode transfers
with the NB-A2000.

A2100_Calibrate Selects the desired calibration reference and performs an offset calibration cycle on
the ADCs on the NB-A2100 or the NB-A2150.

A2100_Config Selects the signal source used to provide data to the DACs and lets you configure the
external digital trigger so that it is shared both by data acquisition and waveform
generation operations on the NB-A2100.

A2150_Config Selects whether or not an internally generated trigger should be driven to the I/O
connector. Also determines whether the board’s sampling clock signal should be
driven over the RTSI bus to other boards for multiple-board synchronized data

acquisition.
Board_ID Returns the National Instruments-assigned board ID for the selected board.
Board_Reset Stops any ongoing operation and resets the board in the specified slot to its system

startup default configuration.

Calibrate_1200 Calibrates the gain and offset values for the DAQCard-1200 and PCI-1200 ADCs and
DAC:s. You can perform a new calibration or use an existing set of calibration
constants by copying the constants from their storage location in the onboard
EEPROM. You can store up to six sets of calibration constants. NI-DAQ
automatically loads the calibration constants stored in EEPROM user area 5 the first
time you call a function pertaining to the device.

Calibrate_E_Series Use this function to calibrate your E Series device and to select a set of calibration
constants for NI-DAQ to use.

Get_DAQ_Device_Info Retrieves parameters pertaining to the device operation.

Master_Slave_Config Configures one board as a master board and one or more other boards as slave boards.
Currently used only by the NB-A2000 and the NB-A2150, this function ensures that,
in a multiple frame acquisition, the slave boards are always re-enabled before the
master board.

MIO_Config Turns dithering (the addition of Gaussian noise to the analog input signal) on and off,
for an E Series device (except the PCI-MIO-16XE-50), PCI-1200, and
DAQCard-1200.
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MIO_16X_Config Configures the oscillator frequency for the ADC selected when using external timing
sources on the NB-MIO-16X.

SC_2040_Config Informs NI-DAQ that an SC-2040 Track-and-Hold accessory is attached to the device
and communicates to NI-DAQ gain settings for one or all channels.

Select_Signal Chooses the source and polarity of a signal that the board uses (E Series devices only).

Set_DAQ Device_Info This function can be used to change the data transfer mode (interrupts and DMA) for
certain classes of data acquisition operations, some settings for an SC-2040 Track-
and-Hold accessory and an SC-2043-SG strain-gauge accessory, as well as the
source for the CLK1 signal on the DAQCard-700.

A2000_Calibrate

Function

Calibrates the NB-A2000 A/D gain and offset values or restores them to the original factory-set values. The
gain and offset values calculated during calibration adjust the accuracy of the readings from the four analog
input channels.

Warning: Read the calibration chapter in the NB-A2000 User Manual before using A2000_Calibrate.
Synopsis

C Syntax locus i32 A2000_Calibrate(u32 deviceNumber, u32 saveNewValues, u32
calibrationMethod, u32 channel, f64 extRefVoltage);

Pascal Syntax function A2000_Calibrate(deviceNumber : i32; saveNewValues : 1i32;
calibrationMethod : i32; channel : 132; extRefVoltage
fe4) : i32;

BASIC Syntax | FN A2000_Calibrate (deviceNumber&, saveNewValuesg,
calibrationMethod&, channel&, extRefVoltage#)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

saveNewValues selects the values used for calibration. The gain and offset calibration values are stored in an
EEPROM on the NB-A2000 board, which does not lose its data even when there is no power to the board.
These values are read from the EEPROM and loaded into the NB-A2000 calibration circuitry when the board is
initialized (at power-up) or reset (Board_Reset) and saved for use during data acquisition. When you
calibrate the NB-A2000, you can choose to replace the permanent copies of the gain and offset values in the
EEPROM and use the new values until the next calibration, even if the board is re-initialized, or you can elect
not to replace the EEPROM values but use the new values until the next calibration or initialization.

Set saveNew Values as follows:
0: do not write new values to EEPROM.
1: do write new values to EEPROM.

For example, if you get consistently inaccurate readings from one or more input channels, even after resetting
the board, you can calibrate and save the new gain and offset calibration values as permanent copies in the
EEPROM. However, if acquisition results are accurate after initialization but start to drift after a few hours of
operation when the board's temperature has increased, you can calibrate the board at this operating temperature,
but retain the current EEPROM values to use after the next initialization.

calibrationMethod selects the method for calibration as follows:
0: use internal reference to calibrate.
1: use external reference to calibrate.
2: reload factory calibration values.
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channel determines the input channel connected to the external reference source. For greatest accuracy in the
calibration, connect the reference to more than one channel, and set channel to -1. All channels with input
values close to the given extRefVoltage are averaged to find the reference voltage. If you have the reference
voltage connected to only one input channel, set the channel to that channel number. The channel settings are
given as follows:

-1: Source channels are determined automatically and values averaged.

0: channel 0.

1: channel 1.

2: channel 2.

3: channel 3.

extRefVoltage is the voltage of the external reference.

A2000_Config

Function
Configures some special NB-A2000 features: selects the source of the sample clock and whether or not to drive

the SAMPCLK* line, chooses whether or not to add dithering to the input signal, and chooses whether or not to
use block-mode transfers with the NB-A2000.

Synopsis

C Syntax locus i32 A2000_Config(u32 deviceNumber, u32 sClockSource, u32
sClockDrive, u32 dither, u32 memoryType);

Pascal Syntax function A2000_Config(deviceNumber : i32; sClockSource : i32;
sClockDrive : i32; dither : i32; memoryType : 132) : i32;

BASIC Syntax | FN A2000_Config(deviceNumber&, sClockSource&, sClockDrive&, dithers,
memoryTypeé&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

sClockSource sets the sampling timing to be controlled either by the onboard sample clock or by the external
signal at the SAMPCLK* input.

0: Onboard sample clock.

1: External sample clock.

By setting sClockSource to 1, the NB-A2000 can receive the sample clock from the external SAMPCLK* line
or from the CLOCKI line of the RTSI bus. To receive the sample clock from the RTSI CLOCKI line, call
RTSI_Conn (see Chapter 9, RTSI Bus Trigger Functions).

sClockDrive sets the sample clock signal to drive or not drive the SAMPCLK* line.
0: Sample clock signal does not drive SAMPCLK* line.
1: Sample clock signal drives SAMPCLK* line.

It is not possible to receive the sample clock from the SAMPCLK* line and drive it at the same time.

dither determines whether or not to add approximately 0.5 LSB RMS of white Gaussian noise to the input
signal. This is useful for applications that involve averaging to increase the resolution of the NB-A2000 to
more than 12 bits. For high-speed applications that do not involve averaging, dithering is not recommended and
should be disabled.

0: Dither disabled.

1: Dither enabled.
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memoryType determines whether the memory allocated for the acquisition buffer is capable of performing
block-mode transfers. If the acquisition buffer is on a memory-expansion board or in main memory that is
capable of performing block-mode transfers and you are using an NB-DMA2800, faster DMA performance can
be achieved by setting memoryType to 1. If the memory allocated for the acquisition buffer is not capable of
performing block-mode transfers, or if you are not using an NB-DMA2800, set memoryType to 0.

0: no block-mode capability.

1: block-mode capability.

After system startup, the NB-A2000 is configured for the following:
sClockSource = 0: onboard sample clock.
sClockDrive = 0: sample clock signal does not drive SAMPCLK* line.
dither = 0: dither disabled.
memoryType = 0: no block mode capability.

As mentioned in the description of sClockDrive, it is not possible to receive the sample clock signal from the
SAMPCLK* line and drive the SAMPCLK* line simultaneously. However, because setting sClockSource to
1 indicates that the sample clock is received from an external source that can be either the SAMPCLK™* line or
the RTSI bus, conflicts are detected by MAT_Arm and MDAQ_ Start when the source of the sample clock is
known.

A2100_Calibrate

Function

Selects the desired calibration reference and performs an offset calibration cycle on the ADCs on the NB-A2100
or the NB-A2150.

Synopsis

C Syntax locus i32 A2100_Calibrate (u32 deviceNumber, u32 adcGroup, u32
reference) ;

Pascal Syntax function A2100_Calibrate (deviceNumber : i32; adcGroup : i32;
reference : 132) : 132;

BASIC Syntax | FN A2100_Calibrate (deviceNumber&, adcGroup&, reference&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

adcGroup selects the A/D channels that should be calibrated.
Valid values for the NB-A2100: 0. On the NB-A2100, both the A/D channels, channel 0 and channel 1,
belong to adeGroup O.

Valid values for the NB-A2150: 0, 1, 2. On the NB-A2150, all four A/D channels belong to adeGroup O,
A/D channels 0 and 1 belong to adeGroup 1, and A/D channels 2 and 3 belong to adeGroup 2.

reference selects the calibration reference to be used during the offset calibration cycle.
0: calibrate the channels using the analog input ground as the reference for each channel.
1: calibrate the channels using the external signal connected to each channel as the reference for that
channel.

The two A/D channels are calibrated using the analog input ground as the reference for each channel when the
computer is powered up.
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A2100_Config

Function

Selects the signal source used to provide data to the DACs and lets you configure the external digital trigger so
that it is shared both by data acquisition and waveform generation operations on the NB-A2100.

Synopsis

C Syntax locus i32 A2100_Config(u32 deviceNumber, u32 dacSource, u32
triggerMode) ;

Pascal Syntax function A2100_Config(deviceNumber : i132; dacSource : i32;
triggerMode : i32) : 132;

BASIC Syntax | FN A2100_Config(deviceNumber&, dacSource&, triggerMode)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

dacSource selects the source to be used to supply data to the DACs.
0: use the data in the D/A FIFO. This is the default setting at startup.
1: use the data being sampled by the ADCs. With this setting, you can send the data sampled by the
ADC:s directly to the DACs.

triggerMode disables or enables subsequent data acquisition and waveform generation operations to share the
external digital trigger.

0: disable subsequent data acquisition and waveform generation operations to share the external trigger.
This indicates that MDAQ and BWEF Functions should execute independently of each other.

1: enable subsequent data acquisition and waveform generation operations to share the external trigger.
This indicates that the software should recognize the external trigger when both data acquisition and
waveform generation operations are ready to receive the trigger. In other words, any trigger applied
when only one operation has been initiated is ignored, and any trigger applied when both operations
have been initiated are simultaneously accepted by both operations. After the shared trigger is enabled,
any subsequent calls to MDAQ_Start and BWF_Start must be made with the external trigger
enabled for the operation being initiated. A typical function sequence to use shared trigger would be as
follows:

A2100_Config to enabled shared trigger
MDAQ_Setup to set up acquisition buffer
MDAQ_Trig_Config to enable external trigger
MDAQ_Start to start data acquisition
BWF_BufLoad to set up waveform buffer
BWF_Start to start waveform generation

The last BWF_Start call in this case would enable the recognition of the external trigger.

If multiple data acquisition frames are being acquired and multiple waveform cycles are being generated with a
trigger required at the beginning of each cycle, then the recognition of the external trigger is synchronized so
that each trigger simultaneously initiates the acquisition of the next data frame and the output of the next
waveform cycle.
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A2150_Config

Function
Selects whether or not an internally generated trigger should be driven to the I/O connector. Also determines
whether the board's sampling clock signal should be driven over the RTSI bus to other boards for multiple-
board synchronized data acquisition.

Synopsis

C Syntax locus i32 A2150_Config(u32 deviceNumber, u32 triggerDrive, u32
masterClock, u32 slaveCount, ul6 *slavelList);

Pascal Syntax function A2150_Config(deviceNumber : i132; triggerDrive : 132;
masterClock : i32; slaveCount : i32; slavelList : pil6)
i32;

BASIC Syntax | FN A2150_Config(deviceNumber&, triggerDrive&, masterClocks,
slaveCounté&, slaveListé&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

triggerDrive selects whether the trigger signal received over the RTSI bus or the internally generated analog
level trigger signal should be connected to EXTTRIG* line at the I/O connector.

0: do not drive the EXTTRIG* line at the I/O connector.

1: drive the EXTTRIG* line a the I/O connector.

masterClock selects whether or not the sampling clock signal of the selected deviceNumber should be
configured to be driven over the RTSI bus to other NB-A2150 boards.

0: do not change the configuration of the sampling clock drive circuitry.

1:  configure the sampling clock circuitry according to the given slaveList.

slaveCount selects the number of slave boards to be configured and the number of elements in slaveList.

slaveList is an array that contains the slot numbers of the boards that should accept the sampling clock signal
over the RTSI bus from deviceNumber. slaveList is ignored if masterClock is O or if slaveCount is 0.

You should enable triggerDrive only if you have executed RTSI_Conn to receive the RTSITRIG* signal over
the RTSI bus or if you have executed MDAQ_Trig_Config to enable the analog level trigger. In these cases,
after you execute MDAQ_ Start, you can monitor the signal being sent to the A/D trigger circuitry at the
EXTTRIG* line of the I/O connector. A high-to-low edge of the signal triggers the data acquisition.

The NB-A2150 uses signals over the RTSI bus for sampling clock synchronization between two or more
NB-A2150 boards. The sampling clock synchronization circuitry makes simultaneous sampling possible on
more than four channels using additional NB-A2150 boards. If masterClock is 1, slaveList should contain the
list of boards in slaveList that will accept the sampling clock from deviceNumber. After you execute
A2150_Config with masterClock as 1 and slaveCount greater than zero, MDAQ_ ScanRate ignores the
parameters for boards in slaveList until you execute A2150_Config again on deviceNumber with
masterClock as 1 and slaveCount as 0. Executing A2150_Config with masterClock as 1 and slaveCount
as 0 deconfigures the boards previously in the slaveList and sets them up to use their own sampling clock
signal.
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Board_ID
Function
Returns the National Instruments-assigned board ID for the selected device.
Synopsis
C Syntax locus i32 Board_ID(u32 deviceNumber, il6 *deviceType);
Pascal Syntax function  Board_ID(deviceNumber : i32; var deviceType : il6) : 1i32;
BASIC Syntax | FN Board_ ID (deviceNumber&, deviceType&)
Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

deviceType returns the board ID used by NI-DAQ. A return value of negative one (-1) indicates that the slot
corresponding to the selected deviceNumber is either empty or does not contain a device NI-DAQ recognizes.

Board_1ID can be executed to find out programmatically which board exists at the slot position of the selected
deviceNumber. This information can then be used to determine if a particular operation on a board is possible.
The following are the decimal values of the devices recognized by NI-DAQ for Macintosh.

DAQCard-500: 49
DAQCard-700: 31
DAQCard-1200: 48
DAQCard-DIO-24: 35
DAQCard-AO-2DC: 47
Lab-LC: 110
Lab-NB: 111
NB-A2000: 112
NB-A2100: 118
NB-A2150C: 115
NB-A2150F: 116
NB-A2150S: 117
NB-AO-6: 114
NB-DIO-24: 107
NB-DIO-32F: 108
NB-DIO-96: 109
NB-DMA-8-G: 266
NB-DMA2800: 458
NB-DSP2300 125
NB-DSP2301 126
NB-DSP2305 127
NB-MIO-16H-9: 104
NB-MIO-16H-15: 105
NB-MIO-16H-25: 106
NB-MIO-16L-9: 100
NB-MIO-16L-15: 101
NB-MIO-16L-25: 102
NB-MIO-16XH-18: 121
NB-MIO-16XH-42: 122
NB-MIO-16XL-18: 119
NB-MIO-16XL-42: 120
NB-PRL: 107
NB-TIO-10: 113
PCI-1200: 353
PCI-DIO-96: 352
PCI-MIO-16XE-50: 354
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Board_Reset

Function

Stops any ongoing operation and resets the specified board to its system startup default configuration.

Synopsis

C Syntax

locus 132 Board_Reset (u32 deviceNumber) ;

Pascal Syntax

function Board_Reset (deviceNumber : i32) : 1i32;

BASIC Syntax

FN Board_Reset (deviceNumberé&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

Board_Reset stops any ongoing operation on the board specified by deviceNumber and reinitializes the
board to its system startup default state.

If any board resources have been reserved for SCXI use when a call to Board_Reset is made, those resources
will still be reserved after the function call is made. The only exception is the Mux Counter (Counter 1) on the
NB-MIO-16 or NB-MIO-16X; after Board_Reset is called, Counter 1 is unreserved. Please refer to

Chapter 7, SCXI Functions, for listings of the different board resources that may be reserved for SCXI.

e The default state for the NB-MIO-16 and the NB-MIO-16X is as follows:

Analog Input:

number of channels: 8

input mode: differential

polarity: bipolar

input range: -I0Vto 10V

gains: 1 for all channels

multiplexer: internal

external gate: disabled

A/D timing: onboard

external trigger: disabled

pretrigger: disabled
Analog Output:

number of channels: 2

output mode: bipolar

output range: 10V

group configuration: disabled
Digital I/O:

number of lines: 8

input channels: all 8 channels

latching: disabled
Counters:

number of channels: 3

counter channels: 1,2,5

output state: high impedance

latching: disabled
4-Bit Programmable Frequency:

number of channels:

output frequency: disabled
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e The default state for the NB-DMA-8-G and the NB-DMA2800 is as follows:

Counters:
number of channels: 5
counter channels: 1 through 5
output state: high impedance
4-Bit Programmable Frequency:
number of channels: 1
output frequency: 6.25 kHz
RTSI Lines: clear
DMA Channels: all available
*  The default state for the NB-DIO-24 is as follows:
Digital I/O:
number of lines: 24
latching: disabled

e The default state for the NB-DIO-96 is as follows:
Digital I/O:

number of lines:
latching:

96
disabled

e The default state for the NB-DIO-32F is as follows:
Digital I/O:

number of lines:
latching:
group configuration:

32
disabled
disabled

e The default state for the NB-AO-6 is as follows:

Analog Output:

e The default state for the Lab and 1200 series is as follows:

number of channels:
output mode:

output range:

update mode:

group configuration:
external update edge:

ADCs:

number of channels:
input mode:

gains:

polarity:

input range:

A/D timing:
triggering:

DAC:s:

number of channels:
output mode:
output range:
update mode:
group configuration:

© National Instruments Corporation

6

bipolar

10 volts
immediate update
disabled

falling edge

8

single-ended

1 for all channels
bipolar
S5Vtos5V
onboard
software trigger

2

bipolar
SVto5V
immediate update
disabled
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e The default state for the NB-A2000 is as follows:

Analog Input:
number of channels: 4
input channels: 0,1,2,3
sample clock source: onboard
trigger mode: posttrigger
analog trigger: disabled
digital trigger: disabled
coupling: all channels AC coupled
dithering: disabled

Chapter 2

Note: Board_Reset clears the previously defined master slave configuration. If Board_Reset is
called on a master board or a slave board that is the only slave to its master, the whole master
slave configuration is cleared. Otherwise, only the board on which Board_Reset is called is
taken out of the master slave configuration. Board_Reset also reads the current user values
Jrom the EEPROM and loads them into the NB-A2000 calibration circuitry.

e The default state for the NB-A2100 is as follows:

Analog Input:
number of channels: 2
input channels: 0,1
sample clock frequency: 48 kHz
trigger mode: posttrigger
analog trigger: disabled
digital trigger: disabled
coupling: both channels DC coupled

Note: Board_Reset does not calibrate the ADC on the NB-A2100.

Analog Output:

output data source: D/A FIFO

update clock frequency: 48 kHz

digital trigger: disabled

coupling: jumper dependent

*  The default state for the NB-A2150 is as follows:

Analog Input:

number of channels: 4

input channels: 0,1,2,3

51.2 kHz for NB-A2150F
48 kHz for NB-A2150C
24 kHz for NB-A2150S

sample clock frequency:

trigger mode: posttrigger

analog trigger: disabled

digital trigger: disabled

coupling: all channels DC coupled

*  The default state for the NB-TIO-10 is as follows:

Digital I/O:

number of lines: 16

input channels: all 16 channels

latching: disabled
Counters:

number of counters: 10

counter channels: 1 through 10

output state: high impedance
4-Bit Programmable Frequency:

number of channels:

output frequency: disabled
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e The default state for the DAQCard-500 is as follows:

Analog Input:
number of channels:
input mode:
gains:
input range:
polarity:
A/D timing:
triggering:
Digital I/O:
number of output lines:

number of input lines:
latching:

8

single-ended

1 for all channels
Sto+5V
bipolar

onboard
software trigger

4
4
disabled

e The default state for the DAQCard-700 is as follows:

Analog Input:
number of channels:
input mode:
gains:
input range:
polarity:
A/D timing:
triggering:
Digital 1/0O:
number of output lines:

number of input lines:
latching:

16

single-ended

1 for all channels
Sto+5V
bipolar

onboard
software trigger

8
8
disabled

Board-Specific Functions

e The default state for the DAQCard-AO-2DC is as follows:

Analog Output:
number of channels:
output mode:
output range:

Digital 1/0O:
number of lines:
input channels:
latching:

2
unipolar
10V

16
all 16 channels
disabled

¢ The default state for the PCI-DIO-96 is as follows:

Digital I/O:
number of lines:
power-on state:

96
high

¢ The default state for the PCI-MIO-16XE-50 is as follows:

Analog Output:
number of channels:
output mode:
output range:
group configuration:

© National Instruments Corporation

2
bipolar
10V
disabled
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Calibrate_1200

Function
The PCI-1200 and DAQCard-1200 come fully equipped with accurate factory calibration constants. However, if
you feel that the device is not performing either analog input or output accurately and suspect the device
calibration to be in error, you can use Calibrate_1200 to obtain a user defined set of new calibration
constants.

A complete set of calibration constants consists of ADC constants for all gains at one polarity plus DAC
constants for both DACs, again at the same polarity setting. It is important to understand the polarity rules. The
polarity your device was in when a set of calibration constants was created must match the polarity your device
is in when those calibration constants are used. For example, calibration constants created when your ADC is in
unipolar must only be used for data acquisition when your ADC is also in unipolar.

You can store up to six sets of user defined calibration constants. These are stored in the EEPROM on your
device in places called user calibration areas. You may also at any time use the calibration constants created at
the factory. These are stored in write protected places in the EEPROM called factory calibration areas. There
are two of these. One holds constants for bipolar operation and the other for unipolar. One additional area in the
EEPROM important to calibration is called the default load table. This table contains four pointers to sets of
calibration constants; one pointer each for ADC unipolar constants, ADC bipolar constants, DAC unipolar and
DAC bipolar. This table is used by NI-DAQ for calibration constant loading.

It is important to understand the calibration constant loading rules. The first time a function requiring use of the
ADC or DAC is called in an application, NI-DAQ automatically loads a set of calibration constants. At that time
the polarities of your ADC and DACs are examined and the appropriate pointers in the default load table are
used.

Synopsis

C Syntax locus 132 Calibrate_1200(u32 deviceNumber, u32 calOp, u32
saveNewCal, u32 EEPROMloc, u32 calRefChan, u32
groundRefChan, u32 DAQOchan, u32 DAQlchan, f64
calRefVolts, £f64 gain);

Pascal Syntax function Calibrate_1200 (deviceNumber : i32; calOp : i32;
saveNewCal : 132; EEPROMloc : i132; calRefChan : i32;
groundRefChan : i32; DAQOchan : 132; DAQlchan : i32;
calRefVolts : f64; gain : f64) : i32;

BASIC Syntax | FN Calibrate_ 1200 (deviceNumbers, calOp&, saveNewCals, EEPROMlocg,
calRefChan&, groundRefChan&, DAQOchan&, DAQlchan&, calRefVolts#,
gain#)

Warning: Read the calibration chapter in your device user manual before using Calibrate_1200.

Description
calOp determines the operation to be performed.

1: Load calibration constants from EEPROMloc. If EEPROMIoc is 0, the default load table is used and
NI-DAQ will ensure that the constants loaded will be appropriate for the current polarity settings. If
EEPROMloc is any other value you must ensure that the polarity of your device matches those of the
calibration constants.

2: Calibrate the ADC using DC reference voltage calRefVolts connected to calRefChan. To calibrate the
ADC, you must ground one input channel (groundRefChan) and connect a voltage reference between
any other channel and AGND (pin 11). Please remember that the ADC must be in referenced single-
ended mode for successful calibration of the ADC. After calibration, the calibration constants that were
obtained during the process will remain in use by the ADC until the device is initialized again.

3: Calibrate the DACS. DACOchan and DAC1chan are the analog input channels to which DACO and
DACI are connected, respectively. To calibrate the DACs, you must wrap-back the DACO output (pin
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10) and DACI out (pin 12) to any two analog input channels. Please remember that the ADC must be
in referenced single-ended and bipolar mode and fully calibrated (using calOp=2) for successful
calibration of the DACs. After calibration, the calibration constants that were obtained during the
process will remain in use by the DACs until the device is initialized again.
invalid.
Edit the default load table so that the set of constants in the area identified by EEPROMloc (1-6, 9 or
10) become the default calibration constants for the ADC. NI-DAQ will change either the unipolar or
bipolar pointer in the default load table depending on the polarity those constants are intended for. The
factory default for the ADC unipolar pointer is EEPROMIloc=9. The factory default for the ADC
bipolar pointer is EEPROMIloc=10. You can specify any user area in EEPROMIoc after you have run
a calibration on the ADC and saved the calibration constants to that user area. Or you can specify
EEPROMloc=9 or 10 to reset the default load table to the factory calibration for unipolar and bipolar
mode respectively.
6: Edit the default load table so that the set of constants in the area identified by EEPROMloc (1-6, 9 or
10) become the default calibration constants for the DACs. NI-DAQ’s behavior for calOp=6 is
identical to that for calOp=5. Just substitute DAC everywhere you see ADC.

Al

saveNewCal is only valid when calOp is 2 or 3.

0: Do not save new calibration constants. Even though not permanently saved in the EEPROM,
calibration constants created after a successful calibration will remain in use by your device until your
device is initialized again.

1:  Save new calibration constants in EEPROMIoc (1-6).

EEPROMloc selects the storage location in the onboard EEPROM to be used. Different sets of calibration
constants can be used to compensate for configuration or environmental changes.

0: Use the default load table (only valid if calOp = 1).
1:  User calibration area 1.

2: User calibration area 2.

3: User calibration area 3.

4: User calibration area 4.

5:  User calibration area 5.

6:  User calibration area 6.

7: Invalid.

8: Invalid.

9.

Factory calibration area for unipolar (write protected).
10: Factory calibration area for bipolar (write protected).
Notice that the user cannot write into EEPROMloc 9 and 10.

calRefChan is the analog input channel connected to the calibration voltage of calRefVolts when calOp is 2.
Range: O through 7.

groundRefChan is the analog input channel connected to ground when calOp is 2.
Range: O through 7.

DACOchan is the analog input channel connected to DACO when calOp is 3.
Range: O through 7.

DACl1chan is the analog input channel connected to DAC1 when calOp is 3.
Range: O through 7.

calRefVolts is the value of the DC calibration voltage connected to calRefChan when calOp = 2. If you are
calibrating at a gain other than 1, make sure you apply a voltage so that calRefVolts * gain is within the upper
limits of the analog input range of the device.

gain is the device gain setting you want to calibrate at. When you perform an analog input operation, a

calibration constant for that gain must be available. When you run the Calibrate_1200 function at a
particular gain, the device can only be used to collect data accurately at that gain. If you are creating a set of
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calibration constants that you intend to use then you must be sure to calibrate at all gains that you intend to
sample at.
Range: 1, 2,5, 10, 50, or 100.

A calibration performed in bipolar mode is not valid for unipolar and vice versa. Calibrate_1200 performs
a bipolar or unipolar calibration, or loads the bipolar or unipolar constants (calOp=1, EEPROMIloc=0),
depending on the value of the polarity parameter in the last call to AT_Configure and AO_Configure. If
analog input measurements are taken with the wrong set of calibration constants loaded, you may get erroneous
data.

Calibrate for a particular gain if you plan to acquire at that gain. If you calibrate the device yourself make sure
you calibrate at a gain that you are likely to use. Each gain has a different calibration constant. When you switch
gains, NI-DAQ will automatically load the calibration constant for that particular gain. If you have not
calibrated for that gain and saved the constant earlier, an incorrect value will be used.

How do you set up your own calibration constants in the user area for both unipolar and bipolar configuration?
You want to create and store both unipolar and bipolar ADC calibration constants. And you want to modify the
default load table so that NI-DAQ will automatically load your constants instead of the factory constants.

Change the polarity of your device to unipolar (you can use the AI_Configure call). Call
Calibrate_1200 to perform an ADC calibration (calOp=2) with saveNewCal=1 (save) and EEPROMloc
set to any user area you prefer (say, 1). Next call the function with calOp=5 and EEPROMlIoc=1. NI-DAQ will
automatically modify the ADC unipolar pointer in the default load table to point to user area 1.

Now, change the polarity of your device to bipolar. Call Calibrate_1200 to perform another ADC
calibration (calOp=2) with saveNewCal=1 (save) and EEPROMIloc set to a different user area (say, 2). Next
call the function with calOp=5 and EEPROMlIoc=2. NI-DAQ will automatically modify the ADC bipolar
pointer in the default load table to point to user area 2. At this point, you have set up user area 1 to be your
default load area when you operate the device in unipolar mode and user area 2 to be your default load area
when you operate the device in bipolar mode. The loading of the appropriate constants will be handled
automatically by NI-DAQ.

Failed calibrations leave your device in an incorrectly calibrated state. If you run this function with calOp=2
or 3 and receive an error, you must reload a valid set of calibration constants. If you have a valid set of user
defined constants in one of the user areas you can load them. Otherwise you should reload the factory constants.

Calibrate_E_Series

Function
Use this function to calibrate your E Series device and to select a set of calibration constants to be used by
NI-DAQ.

Warning: Read the calibration chapter in your device user manual before using
Calibrate_E_Series.

Synopsis

C Syntax locus 132 Calibrate_E_Series (u32 deviceNumber, u32 calOp, u32
setOfCalConstants, f64 calRefVolts);

Pascal Syntax function Calibrate_E_Series (deviceNumber : 132; calOp : 1i32;
setOfCalConstants : 132; calRefVolts : f64) : 1i32;

BASIC Syntax | FN Calibrate E_Series(deviceNumber&, calOp&, setOfCalConstantss,
calRefVolts#)
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Description
The legal ranges for the calOp and setOfCalConstants parameters are given in terms of constants that are
defined in a header file. The header file you should use depends on the language you are using:

* Cprogrammers—nidagcns.h
*  Pascal programmers—nidaqg.p

*  BASIC programmers—nidaqg.bas

calOp determines the operation to be performed.

Range:

ND_SET_DEFAULT_LOAD_AREA: Make setOfCalConstants the default load area; do not
perform calibration.

ND_SELF_CALIBRATE: Perform self-calibration of the device.

ND_EXTERNAL_CALIBRATE: Perform external calibration of the device.

setOfCalConstants selects the set of calibration constants to be used by NI-DAQ. These calibration constants

reside in the onboard EEPROM or are maintained by NI-DAQ.

Range:

ND_FACTORY_EEPROM_AREA: Factory calibration area of the EEPROM. You cannot modify
this area, so you can set setOfCalConstants to
ND_FACTORY_EEPROM_AREA only when calOp is set to
ND_SET_DEFAULT_LOAD_AREA.

ND_NI_DAQ_ SW_AREA: NI-DAQ maintains calibration constants internally; no writing
into the EEPROM occurs. You cannot use this setting when
calOp is set to ND_SET_DEFAULT_LOAD_AREA. This
setting is useful if you want to calibrate your device repeatedly
during your program, and you do not want to store the
calibration constants in the EEPROM.

ND_USER_EEPROM_AREA: For the user calibration area of the EEPROM. If calOp is set
to ND_SELF_CALIBRATE or
ND_EXTERNAL_CALIBRATE, the new calibration constants
will be written into this area, and this area will become the
new default load area. You can use this setting if you want to
run several NI-DAQ applications during one measurement
session conducted at same temperature, and you do not want to
recalibrate your device in each application.

calRefVolts is the value of the DC calibration voltage connected to analog input channel O when calOp is
ND_EXTERNAL_CALIBRATE. This parameter is ignored when calOp is ND_SET_DEFAULT_LOAD_AREA
or ND_SELF_CALIBRATE.
Range:

+6.0 to +9.999 V

Your device contains calibration D/A converters (calDACs) that are used for fine-tuning the analog circuitry.
The calDACs must be programmed (loaded) with certain numbers called calibration constants. Those constants
are stored in non-volatile memory (EEPROM) on your device or are maintained by NI-DAQ. To achieve
specification accuracy, you should perform an internal calibration of your device just before a measurement
session but after your computer and the device have been powered on and allowed to warm up for at least 15
minutes. Frequent calibration produces the most stable and repeatable measurement performance. The device is
not harmed in any way if you recalibrate it as often as you like.

Two sets of calibration constants can reside in two load areas inside the EEPROM; one set is programmed at
the factory, and the other is left for the user. One load area in the EEPROM corresponds to one set of constants.
The load area NI-DAQ uses for loading calDACs with calibration constants is called the default load area.
When you get the device from the factory, the default load area is the area that contains the calibration constants
obtained by calibrating the device in the factory. NI-DAQ automatically loads the relevant calibration constants
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stored in the load area the first time you call a function (an AI, A0, DAQ, SCAN, and WEM function) that
requires them. NI-DAQ also automatically reloads calibration constants whenever appropriate; see the
Calibration Constant Loading by NI-DAQ section later in this function for details. When you call the
Calibrate_E_Series function with setOfCalConstants set to ND_NI_DAQ_ SW_AREA, NI-DAQ uses a
set of constants it maintains in a load area that does not reside inside the EEPROM.

Note : Calibration of your MIO device takes some time. Do not be alarmed if the
Calibrate_E_Series function takes several seconds to execute.

Note: After powering on your computer, you should wait for some time (typically 15 minutes) for the
entire system to warm up before performing the calibration. You should allow the same warm-
up time before any measurement session that will take advantage of the calibration constants
determined by using the Calibrate_E_Series function.

Warning: When you call the Calibrate_E_Series function with calOp set to
ND_SELF_CALIBRATE or ND_EXTERNAL_CALIBRATE, NI-DAQ will abort any ongoing
operations the device is performing and set all configurations to defaults. Therefore we
recommend that you call Calibrate_E_Series before calling other NI-DAQ functions
(except USE functions) or when no other operations are going on.

Explanations about using this function for different purposes (with different values of calOQp) are given in the
following sections.

Changing the Default Load Area
Set calOp to ND__SET_DEFAULT_LOAD_AREA if you want to change the area used for calibration constant
loading. The storage location selected by setOfCalConstants becomes the new default load area.
Example:

You want to make the factory area of the EEPROM default load area. You should make the following call:

Calibrate_E_Series (deviceNumber, ND_SET_DEFAULT_LOAD_AREA,
ND_FACTORY_EEPROM_AREA, 0.0)

Performing Self-Calibration of the Board
Set calOp to ND__SELF_CALIBRATE if you want to perform self-calibration of your device. The storage
location selected by setOfCalConstants becomes the new default load area.

Example:

You want to perform self-calibration of your device and you want to store the new set of calibration constants in
the user area of the EEPROM. You should make the following call:

Calibrate_E_Series (deviceNumber, ND_SELF_CALIBRATE, ND_USER_EEPROM_AREA,
0.0)

The EEPROM user area will become the default load area.
Performing External Calibration of the Board
Set calOp to ND_EXTERNAL_CALIBRATE if you want to perform external calibration of your device. The
storage location selected by setOfCalConstants becomes the new default load area.
Make the following connections before calling the Calibrate_E_Series function:

1. Connect the positive output of your reference voltage source to analog input channel 0.

2. Connect the negative output of your reference voltage source to analog input channel 8.
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By performing these first two connections, you supply the reference voltage to analog input channel 0,
which is configured for differential operation.

3. If your reference voltage source and your computer are floating with respect to each other, connect the
negative output of your reference voltage source to the AIGND line as well as to analog input channel 8.

Example:

You want to perform an external calibration of your device using an external reference voltage source with a
precise 7.0500 V reference, and you want NI-DAQ to maintain a new set of calibration constants without
storing them in the EEPROM. You should make the following call:

Calibrate_E_Series (deviceNumber, ND_EXTERNAL_CALIBRATE, ND_NI_DAQ_SW_AREA,
7.0500)

The internal NI-DAQ area will become the default load area, and the calibration constants will be lost when
your application ends.

Calibration Constant Loading by NI-DAQ

NI-DAQ automatically loads calibration constants into calDACs whenever you call functions that depend on
them (AI, AO, DAQ, SCAN, and WEM functions). The following conditions apply:

*  Calibration constants required by the E Series devices for unipolar analog input channels are different from
those for bipolar analog input channels. If you are acquiring data from one channel, or if all of the channels
you are acquiring data from are configured for the same polarity, NI-DAQ selects the appropriate set of
calibration constants for you. If you are scanning several channels, and you mix channels configured for
unipolar and bipolar mode in your scan list, NI-DAQ loads the calibration constants appropriate for the
polarity that analog input channel 0O is configured for.

*  Analog output channels on the PCI-MIO-16XE-50 can only be configured for bipolar operation. Therefore,
NI-DAQ always uses the same constants for the analog output channels.

Get_DAQ_Device_Info

Function
Retrieves parameters pertaining to the device operation.

Synopsis

CSyntax locus 132 Get_DAQ_Device_Info (u32 deviceNumber, u32 infoType, u32
*infoValue) ;

Pascal Syntax function Get_DAQ_Device_Info (deviceNumber : i32; infoType : i32;
var infovalue : i32) : i32;

[iASI(ijntaX FN Get_DAQ Device_Info(deviceNumberg&, infoType&, infoValueg)

Description
The legal range for the infoType is given in terms of constants that are defined in a header file. The header file
you should use depends on the language you are using:

* Cprogrammers—nidagcns.h
*  Pascal programmers—nidaqg.p

*  BASIC programmers—nidag.bas
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Use infoType to let NI-DAQ know which parameter you want to retrieve. infoValue will reflect the value of
the parameter. infoValue will be given either in terms of constants from the header file or as numbers, as
appropriate.

infoType can be one of the following:

infoType Description
ND_BASE_ADDRESS Base address, in hexadecimal, of the device
specified by deviceNumber.
ND_DATA_XFER_MODE_AT See the Set_DAQ_Device_Info function for
ND_DATA_XFER_MODE_AO_GR1 details. ND_NOT_APPLICABLE if not relevant

ND_DATA_XFER_MODE_AO_GR2
ND_DATA_XFER_MODE_GPCTRO
ND_DATA_XFER_MODE_GPCTR1
ND_DATA_XFER_MODE_DIO_GR1
ND_DATA_XFER_MODE_DIO_GR2

to the device.

ND_DEVICE_TYPE_CODE Type of the device specified by deviceNumber.
See Init_DA_Brds for alist of device type
codes.

ND_DMA_A LEVEL Level of the DMA channel assigned to the device

ND_DMA_B_LEVEL as channel A, B, and C.

ND_DMA_C_LEVEL ND_NOT_APPLICABLE if not relevant or
disabled.

ND_INTERRUPT_A_ LEVEL Level of the interrupt assigned to the device as

ND_INTERRUPT_B_LEVEL interrupt A and B. ND_NOT_APPLICABLE if
not relevant or disabled.

ND_COUNTER_1_SOURCE See the Set_DAQ Device_Info function for

details. ND_NOT_APPLICABLE if not relevant
to the device.

Note to C Programmers: infoValue is a pass-by-reference parameter.

Master_Slave_Config

Function
Configures one board as a master board and one or more other boards as slave boards. Currently used only by
the NB-A2000 and the NB-A2150, this function ensures that, in a multiple frame acquisition, the slave boards
are always re-enabled before the master board.

Synopsis

C Syntax locus i32 Master_Slave_Config(u32 deviceNumber, u32 slaveCount, ulé6
*slavelist);

Pascal Syntax function Master_Slave_Config(deviceNumber : i32; slaveCount : i32;
slavelList : pil6) : 132;

BASIC Syntax | FN Master_Slave_Config(deviceNumber&, slaveCountg, slavelisté)
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Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

slaveCount selects the number of slave boards to be configured and the number of elements in slaveList.

slaveList is an array that contains the device numbers of the slave boards. The values of the elements in
slaveList can range from 1 to 14.

On the NB-A2000, a board is considered a master board if it is sending its TRIGGER*, START*, or CLOCKO
signal to another board (see Chapter 9, RTSI Bus Trigger Functions, for more information on these signals). On
the NB-A2150, a board is considered a master board if it is sending its RTSITRIG*, SWSTART¥, or the A/D
sampling clock signal to another board (see the description for A2150_Con£1ig earlier in this chapter and
Chapter 9, RTSI Bus Trigger Functions, for more information on these signals). The board receiving these
signals is considered a slave board because sampling is controlled by signals sent from the master board. In a
multiple frame acquisition, for a slave board to always be able to respond to a master signal, the slave board
must be enabled before the master board is enabled. If the master board is enabled first, it can send its signal to
the slave boards before they are capable of responding. The initial start-up order is the responsibility of the
application you are using. The master board should always be started last. The purpose of
Master_Slave_Config is to ensure that the master is also started last for each subsequent frame acquired
during a multiple frame acquisition.

MIO_16X_Config

Function

Configures the oscillator frequency for the ADC selected when using external timing sources on the
NB-MIO-16X.

Synopsis
CSyntax locus i32 MIO_16X_Config(u32 deviceNumber, u32 adcType);
Pascal Syntax function MIO_16X_Config(deviceNumber : 1i32; adcType : 132) : i32;
BASIC Syntax | FN MIO_16X_Config(deviceNumbers, adcType&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

adcType indicates the minimum sample interval of the ADC. adcType has the following possible values:
0: 42 ps minimum sample interval (NB-MIO-16X-42).
1: 18 ps minimum sample interval (NB-MIO-16X-18).

The ADC used on the NB-MIO-16X has an oscillator frequency input in addition to the sampling frequency
used for data acquisition. The ADC must use the correct oscillator frequency to operate correctly. You should
use the value for adcType that corresponds with your version of the NB-MIO-16X.

MIO_16X_Config must be called when using an external timebase (the SOURCES input) or an external clock
to control sampling. NI-DAQ for Macintosh defaults to an oscillator frequency that is compatible with both the
NB-MIO-16X-42 and NB-MIO-16X-18, but sample intervals faster than 42 ps with the

NB-MIO-16X-18 produces data that is not correct to 16 bits. If the internal sample clock is used, then NI-DAQ
for Macintosh picks the appropriate oscillator input based on the sample interval supplied, and
MIO_16X_Config does not have to be called.
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MIOQO_Config

Function

Turns dithering (the addition of Gaussian noise to the analog input signal) on and off, for an E Series device
(except the PCI-MIO-16XE-50), PCI-1200, and DAQCard-1200.

Synopsis

C Syntax locus i32 MIO_Config(u32 deviceNumber, u32 dither, u32 useAMUX) ;

Pascal Syntax function MIO_Config(deviceNumber : i32; dither : i32; useAMUX :
i32) : 132;

BASIC Syntax | FN MIO_Config(deviceNumber&, ditheré&, useAMUX&)

Description
dither indicates whether to add approximately 0.5 LSB rms of white Gaussian noise to the input signal. This is
useful for applications that involve averaging to increase the effective resolution of a device. For high-speed
applications that do not involve averaging, dithering is not recommended and should be disabled.
0: Disable dithering.
1:  Enable dithering.

This parameter is ignored for the PCI-MIO-16XE-50. Dithering is always enabled on this device.

useAMUX does not apply to any of these devices and is ignored.

SC_2040_Config

Function

Informs NI-DAQ that an SC-2040 Track-and-Hold accessory is attached to the device and communicates to
NI-DAQ gain settings for one or all channels.

Synopsis

C Syntax locus i32 SC_2040_Config(u32 deviceNumber, u32 channel, u32
sc2040gain) ;

Pascal Syntax function SC_2040_Config(deviceNumber : i32; channel : i32;
sc2040gain : 132) : i32;

BASIC Syntax | FN SC_2040_Config(deviceNumbers, channel&, sc2040gaing)

Description
channel allows you to specify an individual channel on the SC-2040 or all SC-2040 channels.
Range: -1 for all channels and O through 7 for individual channels.

sc2040gain allows you to indicate the gain you have selected with your SC-2040 jumpers.
Range: 1, 10, 100, 200, 300, 500, 600, 700, 800.

You must use this function before any analog input function that uses the SC-2040.

This function reserves the PFI 7 line on your E Series device for use by NI-DAQ and the SC-2040. This line is
configured for output, and the output is a signal that indicates when a scan is in progress.

Warning: Do not attempt to drive the PFI 7 line after calling this function. If you do, you may damage
your SC-2040, your E Series device, and your equipment.
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Example 1:

You have set the jumper for a gain of 100 for all your SC-2040 channels. You should call SC_2040_Config
as follows:

SC_2040_Config(deviceNumber, -1, 100)

Example 2:

You have set the jumper for a gain of 100 for channels 0, 3, 4, 5, and 6 on your SC-2040, gain 200 for channels

1 and 2, and gain 500 for channel 7. You should call function SC_2040_Config several times as follows:

SC_2040_Config(deviceNumber, -1, 100)

SC_2040_Config(deviceNumber, 1, 200)

SC_2040_Config(deviceNumber, 2, 200)
( 7,

SC_2040_Config(deviceNumber, 500)

Select_Signal

Function
Chooses the source and polarity of a signal that the device uses (E Series devices only).

Synopsis

C Syntax locus i32 Select_Signal (u32 deviceNumber, u32 signal, u32 source,
u32 sourceSpec);

Pascal Syntax function Select_Signal (deviceNumber : i32; signal : i32; source :
i32; sourceSpec : 132) : i32;

BASIC Syntax | FN Select_Signal (deviceNumber&, signal&, source&, sourceSpecé)

Description
You can use the onboard DAQ-STC to select among many sources for various signals.

Use the signal parameter to specify the signal whose source you want to select. The following table shows the
possible values for signal.
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Group signal Description
ND_IN_START_TRIGGER Start trigger for the DAQ and SCAN
functions
ND_IN_STOP_TRIGGER Stop trigger for the DAQ and SCAN
functions
ND_IN_SCAN_CLOCK_TIMEBASE Scan clock timebase for the SCAN
functions
Timing and ND_IN_CHANNEL_CLOCK_TIMEBASE Channel clock timebase for the DAQ and
Control Signals scaN functions
Used ND_IN_CONVERT Convert signal for the AT, DAQ and SCAN
Internally functions
by the Onboard | ND_IN_SCAN_START Start scan signal for the SCAN functions
DAQ-STC

ND_IN_EXTERNAIL_GATE

ND_OUT_START_TRIGGER
ND_OUT_UPDATE

ND_OUT_UPDATE_CLOCK_TIMEBASE

External gate signal for the DAQ and
SCAN functions

Start trigger for the WFM functions
Update signal for the A0 and WFM
functions

Update clock timebase for the wrM
functions

I/0 Connector

ND_PFI_O through PFI_9

ND_GPCTRO_OUTPUT

Signal present at the I/O connector pin
PFIO through PFI9.

Signal present at the I/O connector pin
GPCTRO_OUTPUT

Pins ND_GPCTR1_OUTPUT Signal present at the I/O connector pin

GPCTRI1_OUTPUT

ND_FREQ_OUT Signal present at the FREQ_OUT output
pin on the I/O connector.

ND_RTSI_O through ND_RTSI_6 Signal present at the RTSI bus trigger
line O through 7.

RTSI Bus ND_RTSI_CLOCK Enable the device to drive the RTSI clock
Signals line or prevent it from doing it.

ND_BOARD_CLOCK

Enable the device to receive the clock
signal from the RTSI clock line or stop it
from doing so.

Legal values for source and sourceSpec depend on the signal and are shown in the following tables:

signal = ND_IN_START_TRIGGER

source sourceSpec

ND_PFI_0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW

ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_GPCTRO_OUTPUT ND_LOW_TO_HIGH and ND_HIGH_TO_LOW

ND_AUTOMATIC ND_DONT_CARE

Use ND_IN_START_TRIGGER to initiate a data acquisition sequence. You can use an external signal or
output of general-purpose counter O as a source for this signal, or you can specify that NI-DAQ generates it
(corresponds to source = ND_AUTOMATIC).

If you do not call this function with signal = ND_IN_START_TRIGGER, NI-DAQ uses the default values,
source = ND_AUTOMATIC and sourceSpec = ND_LOW_TO_HIGH.
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If you call DAQ_Config with startTrig = 1, NI-DAQ calls Select_Signal with signal =
ND_IN_START_TRIGGER, source = ND_PFI_0, and sourceSpec =ND_HIGH_TO_LOW.

If you call DAQ_Config with startTrig = 0, NI-DAQ calls Select_Signal with signal =
ND_IN_START_TRIGGER, source = ND_AUTOMATIC, and sourceSpec = ND_DONT_CARE.

signal = ND_IN_STOP_TRIGGER

source sourceSpec
ND_PFI_0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW

Use ND__IN_STOP_TRIGGER for data acquisition in the pretriggered mode. The selected transition on the
signal line indicates to the device that it should acquire a specified number of scans after the trigger and
stop.

If you do not call this function with signal = ND_IN_STOP_TRIGGER, NI-DAQ uses the default values,
source = ND_PFI_1 and sourceSpec = ND_HIGH_TO_LOW. By default, ND_IN_STOP_TRIGGER is
not used because the pretriggered mode is disabled.

If you call DAQ_StopTrigger_Config with startTrig = 1, NI-DAQ calls Select_Signal with
signal = ND__IN_STOP_TRIGGER, source = ND_PFI_1, and sourceSpec = ND_HIGH_TO_LOW.
Therefore, if you want to use different selection for ND_IN_STOP_TRIGGER, you need to call the
Select_Signal function after DAQ_StopTrigger_Config.

signal = ND_IN_EXTERNAL_GATE

source sourceSpec
ND_PFI_0 through ND_PFI_9 ND_PAUSE_ON_HIGH and ND_PAUSE_ON_LOW
ND_RTSI_O through ND_RTSI_6 ND_PAUSE_ON_HIGH and ND_PAUSE_ON_LOW
ND_NONE ND_DONT_CARE

Use ND_IN_EXTERNAL_GATE for gating the data acquisition. For example, if you call this function with
signal = ND_IN_EXTERNAL_GATE, source = ND_PFI_9, and sourceSpec = PAUSE_ON_HIGH, the
data acquisition will be paused whenever the PFI 9 is at the high level. The pausing is performed on a per
scan basis, so no scans are split by the external gate.

If you do not call this function with signal = ND_IN_EXTERNAL_GATE, NI-DAQ uses the default values,
source = ND_NONE and sourceSpec = ND_DONT_CARE; therefore, by default, the data acquisition is not
gated.

signal = ND_IN_SCAN_START

source sourceSpec
ND_PFI_0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_GPCTRO_OUTPUT ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_INTERNAL_TIMER ND_LOW_TO_HIGH

Use this signal for scan timing. You can use a DAQ-STC timer for timing the scans, or you can use an
external signal. You can also use the output of the general-purpose counter O for scan timing. This can be
useful for applications such as Equivalent Time Sampling (ETS).
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If you do not call this function with signal = ND_IN_SCAN_START, NI-DAQ uses the default values,
source = ND_INTERNAL_TIMER and sourceSpec = ND_LOW_TO_HIGH.

If you call DAQ_Config with extConv =2 or 3, NI-DAQ calls Select_Signal with
signal = ND_IN_SCAN_START, source = ND_PFI_7, and sourceSpec = ND_HIGH_TO_LOW.

If you call DAQ_Config with extConv =0 or 1, NI-DAQ calls Select_Signal with
signal = ND_IN_SCAN_START, source = ND_INTERNAL_TIMER, and
sourceSpec = ND_LOW_TO_HIGH.

signal = ND_ IN_CONVERT

source sourceSpec
ND_PFI_O0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_GPCTRO_OUTPUT ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_INTERNAL_TIMER ND_LOW_TO_HIGH

Use ND__IN_CONVERT for sample (channel interval) timing. This signal controls the onboard ADC. You
can use a DAQ-STC timer for timing the samples, or you can use an external signal. You can also use
output of the general-purpose counter 0 for sample timing.

If you do not call this function with signal = ND_IN_CONVERT, NI-DAQ uses the default values,
source = ND_INTERNAL_TIMER and sourceSpec =ND_LOW_TO_HIGH.

If you call DAQ_Config with extConv =1 or 3, NI-DAQ calls Select_Signal with
signal = ND_IN_CONVERT, source = ND_PFI_2, and sourceSpec =ND_HIGH_TO_LOW.

If you call DAQ_Config with extConv =0 or 2, NI-DAQ calls Select_Signal with
signal = ND_IN_CONVERT, source = ND_INTERNAL_TIMER, and sourceSpec =
ND_LOW_TO_HIGH.

signal = ND_IN_SCAN_CLOCK_TIMEBASE

source sourceSpec
ND_PFI_0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_INTERNAL_20_MHZ ND_LOW_TO_HIGH
ND_INTERNAL_100_KHZ ND_LOW_TO_HIGH

Use ND_IN_SCAN_CLOCK_TIMEBASE as an input into the DAQ-STC scan timer. The scan timer
generates timing by counting the signal at its input, and producing an IN_START_ SCAN signal after the
specified number of occurrences of the ND_IN_SCAN_CLOCK_TIMEBASE signal transitions.

If you do not call this function with signal = ND_IN_SCAN_CLOCK_TIMEBASE, NI-DAQ uses the
default values, source = ND_INTERNAL_20_MHZ and sourceSpec = ND_LOW_TO_HIGH.
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signal = ND_IN_CHANNEL_CLOCK_TIMEBASE

source sourceSpec
ND_PFI_0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_INTERNAL_20_MHZ ND_LOW_TO_HIGH
ND_INTERNAL_100_KHZ ND_LOW_TO_HIGH

Use ND_IN_CHANNEL_CLOCK_TIMEBASE as an input into the DAQ-STC sample (channel interval)
timer. The sample timer generates timing by counting the signal at its input, and producing an
ND_IN_CONVERT signal after the specified number of occurrences of the
ND_IN_CHANNEL_CLOCK_TIMEBASE signal transitions.

If you do not call this function with signal = ND_IN_SCAN_CLOCK_TIMEBASE, NI-DAQ uses the
default values, source = ND_INTERNAL_20_MHZ and sourceSpec = ND_LOW_TO_HIGH.

signal = ND_OUT_START_TRIGGER

source sourceSpec
ND_PFI_0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_IN_START_TRIGGER ND_LOW_TO_HIGH
ND_AUTOMATIC ND_LOW_TO_HIGH

Use ND_OUT_START_TRIGGER to initiate a waveform generation sequence. You can use an external
signal or the signal used as the ND_IN_START_TRIGGER, or NI-DAQ can generate it. Setting source to
ND_IN_START_TRIGGER is useful for synchronizing waveform generation with data acquisition.

If you do not call this function with signal = ND_OUT_START_TRIGGER, NI-DAQ uses the default
values, source = ND_AUTOMATIC and sourceSpec = ND_LOW_TO_HIGH.

signal = ND_OUT_UPDATE

source sourceSpec
ND_PFI_O0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_GPCTR1_OUTPUT ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_INTERNAL_TIMER ND_LOW_TO_HIGH

Use this signal for update timing. You can use a DAQ-STC timer for timing the updates, or you can use an
external signal. You can also use output of the general-purpose counter 1 for update timing.

If you do not call this function with signal = ND_OUT_UPDATE, NI-DAQ uses the default values,
source = ND_INTERNAL_TIMER and sourceSpec = ND_LOW_TO_HIGH.
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signal = ND_OUT_UPDATE_CLOCK_TIMEBASE

source sourceSpec
ND_PFI_0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_INTERNAL_20_MHZ ND_LOW_TO_HIGH
ND_INTERNAL_100_KHZ ND_LOW_TO_HIGH

Use this signal as an input into the DAQ-STC update timer. The update timer generates timing by counting
the signal at its input and producing an ND_OUT_UPDATE signal after the specified number of occurrences
of the ND_OUT_UPDATE_CLOCK_TIMEBASE signal transitions.

If you do not call this function with signal = ND_OUT_UPDATE_CLOCK_TIMEBASE, NI-DAQ uses the
default values, source = ND_INTERNAL_20_MHZ and sourceSpec = ND_LOW_TO_HIGH.

signal = ND_PFI_0 through ND_PFI_9

The following table summarizes all the signals and source for the I/O connector pins PFIO through PFI9.

signal source sourceSpec

ND_PFI_O through ND_PFI_9 ND_NONE ND_DONT_CARE
ND_PFI_O ND_IN_START_TRIGGER ND_LOW_TO_HIGH
ND_PFI_1 ND_IN_STOP_TRIGGER ND_LOW_TO_HIGH
ND_PFI_2 ND_IN_CONVERT ND_HIGH_TO_LOW
ND_PFI_3 ND_GPCTR1_SOURCE ND_LOW_TO_HIGH
ND_PFI_4 ND_GPCTR1_GATE ND_POSITIVE
ND_PFI_5 ND_OUT_UPDATE ND_HIGH_TO_LOW
ND_PFI_6 ND_OUT_START_TRIGGER ND_LOW_TO_HIGH
ND_PFI_7 ND_IN_SCAN_START ND_LOW_TO_HIGH
ND_PFI_7 ND_IN_SCAN_IN_PROG ND_LOW_TO_HIGH
ND_PFI_8 ND_GPCTRO_SOURCE ND_LOW_TO_HIGH
ND_PFI_9 ND_GPCTRO_GATE ND_POSITIVE

Use ND_NONE to disable output on the pin.

signal = ND_GPCTRO_OUTPUT

source sourceSpec
ND_NONE ND_DONT_CARE
ND_GPCTRO_OUTPUT ND_LOW_TO_HIGH
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH

Use ND_NONE to disable output on the pin. When you disable output on this pin, you can use the pin as an
input pin, and you can attach an external signal to it. This is useful because it enables you to communicate a
signal from the I/O connector to the RTSI bus.

When you enable this pin for output, you can program it to output the signal present at any one of the RTSI

bus trigger lines or the general-purpose counter 0 output. The RTSI selections are useful because they
enable you to communicate a signal from the RTSI bus to the I/O connector.
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source

sourceSpec

ND_NONE

ND_DONT_CARE

ND_GPCTR1_OUTPUT

ND_LOW_TO_HIGH

ND_RESERVED

ND_DONT_CARE

Use ND_NONE to disable the output on the pin, in other words, do place the pin in high impedance state.

NI-DAQ may use ND_RESERVED when you use this device with some of the SCXI modules. In this case,
you can use general-purpose counter 1, but the output will not be available on the I/O connector because the
pin is used for device-to-SCXI communication. Currently, there are no SCXI modules that require this.

signal = ND_FREQ_OUT

source

sourceSpec

ND_NONE

ND_DONT_CARE

ND_INTERNAL_10_MHZ

1 through 16

ND_INTERNAL_100_KHZ

1 through 16

Use ND_NONE to disable the output on the pin.

The signal present on the FREQ_OUT pin of the I/O connector is the divided-down version of one of the
two internal timebases. Use sourceSpec to specify the divide-down factor.

signal = ND_RTSI_O0 through ND_RTSI_6

source

sourceSpec

ND_NONE

ND_DONT_CARE

ND_IN_START_TRIGGER

ND_LOW_TO_HIGH

ND_IN_STOP_TRIGGER

ND_LOW_TO_HIGH

ND_IN_CONVERT

ND_HIGH_TO_LOW

ND_OUT_UPDATE

ND_HIGH_TO_LOW

ND_OUT_START_TRIGGER

ND_LOW_TO_HIGH

ND_GPCTRO_SOURCE

ND_LOW_TO_HIGH

ND_GPCTRO_GATE

ND_POSITIVE

ND_GPCTRO_OUTPUT

ND_DONT_CARE

Use ND_NONE to disable output on the RTSI line.

You can use the GRCTRO_OUTPUT pin on the I/O connector in two ways—as an output pin or an input
pin. When you configure the pin as an output pin, you can program the pin to output a signal from a RTSI
line or the general-purpose counter O output (see signal = ND_GPCTRO_OUTPUT in this function for
details). When you configure the pin as an input pin, you can attach an external signal to the pin. When
signal is one of the RTSI lines, and source = ND_GPCTRO_OUTPUT, the signal on the RTSI line will be
the signal present at the GPCTRO_OUTPUT pin on the I/O connector, which is not always the output of the

general-purpose counter 0.
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signal = ND_RTSI_CLOCK

source sourceSpec

ND_NONE ND_DONT_CARE

ND_BOARD_CLOCK ND_DONT_CARE

Use source = ND_NONE to stop the device from driving the RTSI clock line.
When source = ND_BOARD_ CLOCK, this device drives the signal on the RTSI clock line.

signal = ND_BOARD_ CLOCK

source sourceSpec

ND_BOARD_CLOCK ND_DONT_CARE

ND_RTSI_CLOCK ND_DONT_CARE

Use source = ND_BOARD_ CLOCK to stop the device from receiving the clock signal from the RTSI clock
line.

Use source = ND_RTSI_CLOCK to program the device to receive the clock signal from the RTSI clock
line.

If you have selected a signal that is not an I/O connector pin or a RTSI bus line, Select_Signal saves the
parameters in the configuration tables for future operations. Functions which initiate data acquisition
(DAQ_Start and SCAN_Start) and waveform generation operations use the configuration tables to set the
device circuitry to the correct timing modes.

You do not need to call this function if you are satisfied with the default settings for the signals.

If you have selected a signal that is an I/O connector or a RTSI bus signal, Select_Signal performs signal
routing and enables or disables output on a pin or a RTSI line.

Example: Sending a signal from your E Series device to the RTSI bus

To send a signal from your E Series device to the RTSI bus, set signal to the appropriate RTSI bus line and
source to indicate the signal from your device. If you want to send the analog input start trigger on to RTSI line
3, use the following call:

Select_Signal (deviceNumber, ND_RTSI_3, ND_IN_START_TRIGGER, ND_LOW_TO_HIGH)
Example: Receiving a signal from the RTSI bus on your E Series device

To receive a signal from the RTSI bus and use it as a signal on your E Series device, set signal to indicate the
appropriate E Series device signal and source to the appropriate RTSI line. If you want to use low-to-high
transitions of the signal present on the RTSI line 4 as your scan clock, use the following call:
Select_Signal (deviceNumber, ND_IN_SCAN_START, ND_RTSI_4, ND_LOW_TO_HIGH)
Signal Name Equivalencies: For a variety of reasons, some timing signals are given different names in the

hardware documentation and the software and its documentation. The following table lists the equivalencies
between the two sets of signal names.
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Table 2-1. E Series Signal Name Equivalencies

Hardware Name Software Name
Al-Related Signals TRIG1 ND_IN_START_TRIGGER

TRIG2 ND_IN_STOP_TRIGGER

STARTSCAN ND_IN_SCAN_START

SISOURCE ND_IN_SCAN_CLOCK_TIMEBASE

CONVERT* ND_IN_CONVERT

AIGATE ND_TIN_EXTERNAIL_GATE

SI2SOURCE ND_IN_CHANNEL_CLOCK_TIMEBASE
AO-Related Signals WFTRIG ND_OUT_START_TRIGGER

UPDATE* ND_OUT_UPDATE

AOGATE ND_OUT_EXTERNAL_GATE

UISOURCE ND_OUT_UPDATE_CLOCK_TIMEBASE

AO2GATE —

UI2SOURCE —

Set_DAQ_Device_Info

Function
This function can be used to change the data transfer mode (interrupts and DMA) for certain classes of data
acquisition operations, some settings for an SC-2040 Track-and-Hold accessory and an SC-2043-SG strain-
gauge accessory, as well as the source for the CLK1 signal on the DAQCard-700.

Synopsis

locus 132 Set_DAQ_Device_Info(u32 deviceNumber, u32 infoType, u32
infoValue) ;

C Syntax

Pascal Syntax function Set_DAQ_Device_Info(deviceNumber : i132; infoType : 1i32;
infovalue : i32) : 1i32;

BASIC Syntax | FN Set_DAQ Device_Info (deviceNumbers, infoType&, infoValue&)

Description
Legal ranges for the infoType and infoValue are given in terms of constants that are defined in a header file.
The header file you should use depends on the language you are using:

* Cprogrammers—nidagcns.h
* Pascal programmers—nidaqg.p

*  BASIC programmers—nidag.bas

Use infoType to let NI-DAQ know which parameter you want to change. Use infoValue to specify the
corresponding new value.

Values that infoType accepts depend on the device you are using. The legal range for infoValue depends on the
device you are using and infoType.
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infoType can be one of the following:

infoType

Description

ND_DATA_XFER_MODE_ATI

Method NI-DAQ will use for data transfers when
performing the DAQ, MDAQ, and SCAN
operations.

ND_DATA_XFER_MODE_AO_GR1
ND_DATA_XFER_MODE_AO_GR2

Method NI-DAQ will use for data transfers when
performing the waveform operations which require
buffers from the computer memory.

ND_DATA_XFER_MODE_GPCTRO
ND_DATA_XFER_MODE_GPCTR1

Method NI-DAQ will use for buffered data transfers
when using GPCTR operations with the general
purpose counter.

ND_DATA_XFER_MODE_DIO_GR1
ND_DATA_XFER_MODE_DIO_GR2

Method NI-DAQ will use for data transfers for
digital input and output operations.

ND_SC_2040_MODE

Used to enable or disable the track-and-hold
circuitry on the SC-2040.

ND_SC_2043_MODE

Used to enable or disable the SC-2043-SG
accessory.

ND_COUNTER_1_SOURCE

Used to select a source for counter 1 on the

DAQCard-700.
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infoValue

Description

ND_INTERRUPTS

NI-DAQ will use interrupts for data transfers.

ND_UP_TO_1_DMA_CHANNEL

NI-DAQ will use one DMA channel, if possible; if
the DMA channel is not available, NI-DAQ will
report an error and it will not perform the
operation.

ND_NO_TRACK_AND_HOLD

Disables use of the track-and-hold circuitry on the
SC-2040.!

ND_TRACK_AND_HOLD

Re-enables the track-and-hold circuitry on an
SC-2040 if you have previously disabled it.2

ND_NONE

Cancels the effects of having accidentally called
the SC_2040_Config function.

ND_STRAIN_GAUGE

Enables the SC-2043-SG accessory for strain-
gauge measurements (no excitation on channel 0).

ND_STRAIN_GAUGE_EXO

Enables the SC-2043-SG accessory with excitation
on channel 0.

ND_NO_STRAIN_GAUGE

Disables the SC-2043-SG accessory.

ND_INTERNAL_TIMER

Counter 1 will use the internal timer as the source
for its CLK1 source.

ND_TIO_CONNECTOR

Counter 1 will use the CLK1 signal from the I[/O
connector as the source for its CLK1 signal.

hold.
2With ND_NO_TRACK_AND_HOLD.

1Y ou should use this setting if you want to use the SC-2040 only as a preamplifier, without using track and

You can use this function to select the data transfer method for a given operation on a particular device. If you
do not use this function, NI-DAQ will decide on the data transfer method that will typically take maximum

advantage of available resources.
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All possible data transfer methods for the devices supported by NI-DAQ are listed in the following table. If your
device is not listed, none of the data transfer modes are applicable. An asterisk is placed next to the default data

transfer mode for each device.

ND_DATA_XFER_MODE_AO_GR1

Device Type infoType infoValue

NB-A2150 ND_DATA_XFER_MODE_AT ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*
NB-AO-6 ND_DATA_XFER_MODE_AO_GR1 | ND_UP_TO_1_DMA_CHANNEL*
ND_DATA_XFER_MODE_AO_GR2 | ND_UP_TO_1_DMA CHANNEL*

NB-DIO-32F ND_DATA_XFER_MODE_DIO_GR1| ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

ND_DATA_XFER_MODE_DIO_GR2| ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

NB-A2100 ND_DATA_XFER_MODE_AT ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

ND_DATA_XFER_MODE_AO_GR1 ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

NB-MIO-16 ND_DATA_XFER_MODE_AT ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*
ND_DATA_XFER_MODE_AO_GR1 | ND_UP_TO_1_DMA CHANNEL*
ND_DATA_XFER_MODE_AO_GR2 ND_UP_TO_1_DMA_CHANNEL*

NB-MIO-16X ND_DATA_XFER_MODE_AT ND_INTERRUPTS

ND_UP_TO_1_DMA_CHANNEL*

ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

PCI-MIO-16XE-50

ND_DATA_XFER_MODE_AT

ND_DATA_XFER_MODE_AO_GR1
ND_DATA_XFER_MODE_GPCTRO
ND_DATA_XFER_MODE_GPCTR1

ND_INTERRUPTS*
ND_INTERRUPTS*
ND_INTERRUPTS*
ND_INTERRUPTS*

DAQCard-500
DAQCard-700

ND_DATA_XFER_MODE_AT

ND_INTERRUPTS*

NB-A2000

ND_DATA_XFER_MODE_ATI

ND_INTERRUPTS
UP_TO_1_DMA_CHANNEL*

DAQCard-1200
Lab-LC
Lab-NB
PCI-1200

DATA_XFER_MODE_AT
DATA_XFER_MODE_AO_GR1

ND_INTERRUPTS*
ND_INTERRUPTS*

NI-DAQ uses interrupts and DMA channels for data transfers. The DMA data transfers are typically faster, so
you may want to take advantage of them. Note that the data transfer mode ND_UP_TO_1_DMA_CHANNEL
does not reserve the DMA channel or channels for a particular operation; it just authorizes NI-DAQ to use it, if

it is available.
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Chapter 3
Analog Input Functions

This chapter describes the functions for single A/D conversions. The chapter is divided into two sections to describe
the Single-Channel Analog Input (AT) and Multiple-Channel Analog Input (MAT) functions used with the National
Instruments boards for the Macintosh family of computers.

Single-Channel Analog Input functions cover single A/D conversions on one channel. The Multiple-Channel
Analog Input functions cover single A/D conversions simultaneously sampled on a group of channels. See

Appendix A, NI-DAQ for Macintosh Function and Board Compatibility, to determine which set works with your
board.

Multiple A/D conversion functions are performed by the Data Acquisition functions (see Chapter 6, Data
Acquisition Functions).

If you are using SCXI analog input modules, you need to program the SCXI hardware first using the SCXI functions
in Chapter 7, SCXI Functions, before using the Analog Input functions.

Single-Channel Analog Input
NB-MIO-16 Analog Input

The NB-MIO-16 contains 16 single-ended analog input channels numbered O through 15. These inputs can also be
configured as eight differential analog input channels, in which case the channels are numbered O through 7. The
analog input channels are multiplexed into a single programmable gain stage and 12-bit ADC. The NB-MIO-16 has
four gains. The NB-MIO-16L has gains of 1, 10, 100, and 500. The NB-MIO-16H has gains of 1, 2, 4, and 8.
Analog input on the NB-MIO-16 can be hardware jumpered for three different input ranges:

* 0to+10V (unipolar)

* -5to+5 V (bipolar)

* -10to +10 V (bipolar)

The NB-MIO-16 is shipped from the factory configured for an input range of -10 to +10 V.

A/D conversions can be initiated through software or by applying active low pulses to the EXTCONV * input on the
NB-MIO-16 I/O connector. A 16-word-deep FIFO memory on the board stores up to 16 A/D conversion results.

NB-MIO-16X Analog Input

The NB-MIO-16X contains 16 single-ended analog input channels numbered O through 15. These inputs can also be
configured as eight differential analog input channels, in which case the channels are numbered O through 7. The
analog input channels are multiplexed into a single programmable gain stage and 16-bit ADC. Both versions of the
NB-MIO-16X have four gains. The NB-MIO-16XL provides gains of 1, 10, 100, and 500. The NB-MIO-16XH
provides gains of 1, 2, 4, and 8.
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Analog input on the NB-MIO-16X can be hardware jumpered for four different input ranges:
* 0to+10V (unipolar)

* 0to+5V (unipolar)

* -5to+5 V (bipolar)

* -10to +10 V (bipolar)

The NB-MIO-16X is shipped from the factory jumpered for an input range of -10 to +10 V.

A/D conversions can be initiated through software or by applying active low pulses to the EXTCONV* input on the
NB-MIO-16X I/O connector. A 16-word deep FIFO on the board stores up to 16 A/D conversion results.

Lab and 1200 Series Analog Input

The Lab and 1200 series contain eight single-ended analog input channels numbered O through 7. The analog input
channels are multiplexed into a single programmable gain state and 12-bit ADC. Seven gains are provided—1, 2, 5,
10, 20, 50, and 100. The PCI-1200 and DAQCard-1200 also allow differential configuration of input channels 0, 1,
2, and 3.

Analog input on the Lab-NB and Lab-LC can be hardware jumper-configured for two different input ranges:

*  0to+10V (unipolar)

e -5to+5 V (bipolar)

Table 3-1 gives the nominal input ranges for all combinations of polarity and gain. The Lab-NB and Lab-LC are

shipped from the factory jumpered for the bipolar input range of -5 V to +5 V.

Table 3-1. Analog Input Ranges

Polarity Gain Input Range
Unipolar 1 Oto+10V
2 Oto+5V
5 Oto+2V
10 Oto+1V
20 0to+0.5V
50 0to+0.2V
100 0to+0.1V
Bipolar 1 Sto+5V
2 25t0+2.5V
5 -lto+1V
10 -0.5t0+0.5V
20 -0.25t0 +0.25 V
50 -0.1t0o+0.1V
100 -0.05 to +0.05 V
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DAQCard-500 and DAQCard-700 Analog Input

The DAQCard-500 provides 8 single-ended analog input channels. The DAQCard-700 provides 16 single-ended or
eight differential analog input channels. The analog input channels for both are driven into a 12-bit ADC. Neither
device has gains on the analog input.

You can configure the DAQCard-700 analog input for three different bipolar input ranges:

e -25t0+25V

* Sto+5V

e -10to+10V

You can configure the DAQCard-500 for only the -5 to +5 V range.

You can initiate A/D conversions through software or by applying active low pulses to the EXTCONV* input on the

device I/O connector. A 512-word-deep FIFO memory on the DAQCard-700 stores up to 512 A/D conversion
results. On the DAQCard-500, a 16-word-deep FIFO stores up to 16 A/D conversion results.

SCXI Analog Input

SCXI modules can be used as a data acquisition front end for the boards described above to provide signal
conditioning for the input signals and channel multiplexing. The SCXI functions described in Chapter 7 set up the
SCXI modules for analog input operations to be performed by the DAQCard-700, MIO devices, and Lab and 1200
series devices using the functions described as follows.

Single-Channel Analog Input Function Summary

The following functions are for analog input operations:

AI_Configure Informs NI-DAQ of the input mode (single-ended or differential), input range, and input
polarity selected for the device. Use this function if you have changed the jumpers affecting
the analog input configuration from their factory settings. For the E Series devices, PCI-1200,
DAQCard-1200, DAQCard-500, and DAQCard-700, which have no jumpers for analog input
configuration, this function programs the device for the settings you want.

AT_Read Reads the specified analog input channel (initiates an A/D conversion on an analog input
channel and returns the result).

AI_Read_Scan Returns readings for all analog input channels selected by SCAN_Setup (E Series devices
only, with or without the SC-2040 accessory).

AI_VScale Converts the binary result from an AT_Read call to the actual input voltage.

The following functions are for conversion operations triggered externally via the EXTCONV* input:

AI_Check Returns the status of the analog input circuitry and an analog input reading, if available.
AT_Clear Clears the analog input circuitry and A/D FIFO memory.
AI_Setup Selects an analog input channel and gain setting for externally pulsed conversion operations.
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The following function configures one or more external multiplexer boards:
AT _Mux_Config Configures the number of multiplexer (AMUX-64T) boards connected to an MIO board.

For most purposes, AI_Read is the only function required to perform single analog input readings. AI_VScale
can then be used to convert the binary value returned to a voltage value, if desired.

If the jumper settings on the Lab-NB, Lab-LC, NB-MIO-16, or NB-MIO-16X analog input circuitry have been
changed from the factory settings, you need to use AT_Configure to update the analog input configuration
information for the drivers. This update needs to be made only once per system startup or board reset per board.
Figure 3-1 shows the call sequence for performing single analog input readings. Read the AI_Configure
description to double check your configuration.

AI_Config

AI_Scale

Figure 3-1. Flowchart for Analog Input Readings

AI_Setup,AI_Check, and AI_Clear are useful for externally triggered conversions as shown in Figure 3-2.
See AI_Check for a description of this application.

AI_Setup

]

N

|

AI_Clear

external sample
P clock pulse(s)

AI_Check

4
U

AI_Scale

'I
.T

Figure 3-2. Flowchart for Externally Clocked Analog Input Readings

AT_Mux_Config is used to configure the number of multiplexer (AMUX-64T) boards connected to an MIO board
to expand the number of signals up to 256 single-ended (128 differential). For more detailed information, see
Appendix C, Using an External Multiplexer.

Note:  Buffered analog input is implemented via the Data Acquisition functions presented in Chapter 6, Data
Acquisition Functions.
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AI_Check

Function
Returns the status of the analog input circuitry and an analog input reading, if available.

Synopsis

C Syntax locus i32 AI_Check(u32 deviceNumber, ulé *status, 116 *reading);

Pascal Syntax function AI_Check (deviceNumber : i32; var status : il16; var
reading : il6) : 132;

BASIC Syntax | FN AI_Check (deviceNumber&, status&, readingé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

status is the indicator in which the status of the analog input circuitry is returned. If status is 1, then an A/D
conversion result is returned in reading. If status is 0, no A/D conversion result is available.

reading is the indicator in which the result of an A/D conversion is returned. The valid return values are listed
in the Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation.

AI_Check checks the status of the analog input circuitry. If an A/D conversion has occurred, AI_Check
returns status = 1 and the A/D conversion result. Otherwise, AI_Check returns status = 0.

AI_Setup, in conjunction with AT_Check and AI_Clear, is useful for externally timed A/D conversions.
When AI_Setup is called, AI_Clear can be called to clear out the A/D FIFO of any previous conversion
results. A conversion is then performed each time a pulse is received at the EXTCONV* input pin.
AI_Check can be called to check for and return available conversion results.

AI_Clear

Function
Clears the analog input circuitry and A/D FIFO memory.

Synopsis

C Syntax locus i32 AI_Clear (u32 deviceNumber);

Pascal Syntax function AI_Clear (deviceNumber : i32) : 1i32;

BASIC Syntax | FN AI_Clear (deviceNumberé&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

ATI_Clear clears the analog input circuitry and empties the analog input FIFO. AI_Clear also clears any
analog input error conditions. AI_Clear should be called to clear out the A/D FIFO before any externally
triggered conversion begins.
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AI_Configure

Function
Informs NI-DAQ of the input mode (single-ended or differential), input range, and input polarity selected for
the device. Use this function if you have changed the jumpers affecting the analog input configuration from
their factory settings. For the E Series devices, PCI-1200, DAQCard-1200, DAQCard-500, and DAQCard-700,
which have no jumpers for analog input configuration, this function programs the device for the settings you
want.

For the E Series devices, you can configure the input mode and polarity on a per-channel basis.

Synopsis

C Syntax locus i32 AI_Configure (u32 deviceNumber, u32 channel, u32 inputMode,
u32 inputRange, u32 inputPolarity, u32 driveAIS);

Pascal Syntax function AI_Configure (deviceNumber : 1i132; channel : i32; inputMode
: 132; inputRange : i32; inputPolarity : i32; driveAIS :
i32) : i32;

BASIC Syntax | FN AI_Configure (deviceNumber&, channel&, inputMode&, inputRangeg,
inputPolarity&, driveAIS&)

Description
channel is the analog input channel to be configured. Except for the E Series devices, you must set channel to
-1 because the same analog input configuration applies to all of the channels. For the E Series devices, channel
specifies the channel to be configured. If you want all of the channels to be configured identically, set channel
to -1.

inputMode indicates whether the analog input channels are configured for single-ended or differential
operation:

0: Differential (DIFF) configuration (default).

1: Referenced Single-Ended (RSE) configuration (used when the input signal does not have its own
ground reference. The negative (-) input of the instrumentation amplifier is tied to the instrumentation
amplifier signal ground to provide one).

2: Nonreferenced Single-Ended (NRSE) configuration (used when the input signal has its own ground
reference. The input signal’s ground reference is connected to AISENSE, which is tied to the negative
(-) input of the instrumentation amplifier)

inputRange is the voltage range of the analog input channels.
inputPolarity indicates whether the ADC is configured for unipolar or bipolar operation:

0: Bipolar operation (default value).
1:  Unipolar operation.
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The following table shows all possible settings for inputMode, inputRange, and inputPolarity, with the
default settings in italics. inputMode is independent of inputRange and inputPolarity.

Device Possible Analog Input Range Software
Values for Configurable
inputMode*
inputRange* [inputPolarity| Resulting
* Analog Input
Range
PCI-MIO-16XE-50 0,1,2 ignored unipolar Oto+10V yes
ignored bipolar -10 to +10V
PCI-1200, 0,1 ignored unipolar Oto+10V yes
DAQCard-1200 ignored bipolar Sto+5V
DAQCard-500 1 10 bipolar Sto5V n/a
DAQCard-700 0,171 5 bipolar |-2.5t0+2.5V yes
10 bipolar Sto+5V
20 bipolar -10to +10 V
* Ttalics indicates default settings.
Note: If a device is software configurable, the inputMode, inputRange, and inputPolarity parameters

are used to program the device for the configuration you want. If a device is not software
configurable, this function uses these parameters to inform NI-DAQ of the device
configuration, which you must set using hardware jumpers. If your device is software
configurable and you have changed the analog input settings, you do not have to use
AI_Configure, although it is good practice to do so in case you inadvertently change the
configuration file.

driveAlIS indicates whether to drive AISENSE to onboard ground or not. This parameter is ignored for all
devices on the Macintosh.

0: Do not drive AISENSE to ground.

1:  Drive AISENSE to ground.

When you attach an SC-2040 or SC-2042-RTD to your DAQ device, you must configure channels O through 7
for differential mode. When you attach an SC-2043-SG to your DAQ device, you must configure these channels
for nonreferenced single-ended mode.

See the Calibrate_E_Series function description for information about calibration constant loading on
the E Series devices.

AI_Mux_Config

Function
Configures the number of multiplexer (AMUX-64T) boards connected to an MIO board.
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Synopsis
CSyntax locus i32 AI_Mux_Config(u32 deviceNumber, u32 muxNumber) ;
Pascal Syntax function  AI_Mux_Config(deviceNumber : i32; muxNumber : i32) : 1i32;
BASIC Syntax | FN AI_Mux_ Config(deviceNumbers&, muxNumberé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

muxNumber is the number of multiplexer (AMUX-64T) boards (0, 1, 2, or 4) connected to an MIO board. This
input should be 0 if no external AMUX-64T boards are present. The default is O.

An external multiplexer board (AMUX-64T) can be used to expand the number of analog input signals
measured. The AMUX-64T has 16 separate four-to-one analog multiplexer circuits. One AMUX-64T board
can multiplex up to 64 single-ended (32 differential) analog input signals. Four AMUX-64T boards can be
cascaded to permit up to 256 single-ended (128 differential) signals to be multiplexed by one MIO board.

AI_Mux_Config configures the number of multiplexer boards connected to the MIO board. Input channels
are then referenced in subsequent analog input calls (AI_Read, AI_Setup, and DAQ_Start) with respect to
the external AMUX-64T analog input channel numbers rather than the MIO board onboard channel numbers.
The call to AT_Mux_Config needs to be executed only once per board per system startup. See Appendix C,
Using an External Multiplexer, for more information about using the AMUX-64T.

This function is not for use with SCXI.

AI_Read

Function
Reads the specified analog input channel (initiates an A/D conversion on an analog input channel and returns
the result).

Synopsis

C Syntax locus i32 AI_Read(u32 deviceNumber, u32 channel, u32 gain, ilé6
*reading) ;

Pascal Syntax function AI_Read(deviceNumber : i32; channel : i32; gain : i32;
var reading : il6) : 132;

BASIC Syntax | FN AI_Read(deviceNumber&, channel&, gaing, readingé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

channel is the analog input channel number. If SCXI is being used, you must use the appropriate analog input
channel on the DAQ board that corresponds to the desired SCXI channel. Please refer to Chapter 7, SCXI
Functions, for more information on SCXI channel assignments.

Range: 0 through n-1, where n is the number of analog input channels available.

gain is the gain setting to be used for the selected channel. This gain setting applies only to the DAQ board; if
SCXI is used, any gain desired at the SCXI module must be established either by setting jumpers on the module
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or by calling SCXI_Set_Gain. See Appendix E, Analog Input Channel and Gain Settings and Voltage
Calculation, for the valid gain ranges for your hardware. The DAQCard-500 and DAQCard-700 ignore gain.

reading is the indicator in which the 12-bit (NB-MIO-16, Lab and 1200 series, DAQCard-500, or
DAQCard-700) or 16-bit (NB-MIO-16X) result of the A/D conversion is returned. The valid return values are
listed in Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation.

Pascal Note:  If you are using an NB-MIO-16X in unipolar mode, reading is returned as a 16-bit unsigned
integer. Because Pascal does not support unsigned representation, the values in the range
32,768 through 65,535 are treated as negative numbers in Pascal. You can use the UToL
conversion function to convert reading to a Pascal long integer. Notice that reading should
be passed to A1_Scale without conversion. (See Chapter 11, NI-DAQ for Macintosh
Examples, for a complete description of the UToL function.)

AT_Read addresses the specified analog input channel, changes the input gain to the specified gain setting, and
initiates an A/D conversion. AT_Read waits for the conversion to complete and returns the result.

Al Read_Scan

Function
Returns readings for all analog input channels selected by SCAN_Setup (E Series devices only, with or
without the SC-2040 accessory).

Synopsis

C Syntax locus i32 AI_Read_Scan(u32 deviceNumber, il6 *reading);

Pascal Syntax function  AI_Read_Scan(deviceNumber : i32; var reading : 1i16)
i32;

BASIC Syntax | FN AI_Read_Scan(deviceNumber&, reading)

Description
reading is an array of readings from each sampled analog input channel. The length of the reading array is
equal to the number of channels selected in the SCAN_Setup numChans parameter. Range of elements in
reading depends on your device A/D converter resolution and the unipolar/bipolar selection you make for a
given channel.

AI_Read_Scan samples the analog input channels selected by SCAN_Setup at half the maximum rate
permitted by your hardware.

AI_Setup

Function
Selects an analog input channel and gain setting for externally pulsed conversion operations.
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Synopsis

C Syntax locus i32 AI_Setup(u32 deviceNumber, u32 channel, u32 gain);

Pascal Syntax function  AI_Setup(deviceNumber : i32; channel : 1i32; gain : 132)
i32;

BASIC Syntax | FN AI_Setup (deviceNumber&, channel&, gaing)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

channel is the analog input channel number. If SCXI is being used, you must use the appropriate analog input
channel on the DAQ board that corresponds to the desired SCXI channel. Please refer to Chapter 7, SCXI
Functions, for more information on SCXI channel assignments.

Range: 0 through n-1, where n is the number of analog input channels available.

gain is the gain setting to be used for the selected channel. This gain setting applies only to the DAQ board; if
SCXI is used, any gain desired at the SCXI module must be established either by setting jumpers on the module
or by calling SCXI_Set_Gain. See Appendix E, Analog Input Channel and Gain Settings and Voltage
Calculation, for the valid gain settings for your hardware. The DAQCard-500 and DAQCard-700 ignore gain.

AI_Setup addresses the specified analog input channel and changes the input gain to the specified gain
setting. AI_Setup, in conjunction with AT_Check and AI_Clear, is useful for externally timed A/D
conversions.

If your application calls AI_Read after calling AT_Setup and either of the channel or gain parameters in the
AT_Read call differ from those in the AT_Setup call, then AT_Setup must be called again if AT_Check is
to work properly. On an E Series board, if your application calls AT_Read, after calling AT_Setup , your
application must call AI_Setup again for AI_Check to work properly.

AI_VScale

Function
Converts the binary result from an ATI_Read call to the actual input voltage.

Synopsis

CSyntax locus i32 AI_VScale (u32 deviceNumber, u32 channel, u32 gain, £f64
gainAdjust, f64 offset, 132 reading, £f64 *voltage);

Pascal Syntax function AI_vVScale (deviceNumber : i32; channel : i32; gain : 1i32;
gainAdjust : f64; offset : £f64; reading : i32; var
voltage : f64) : i32;

BASICSyntax FN AI_VScale (deviceNumberé&, channel&, gainé&, gainAdjust#, offset#,
reading&, voltage&)

Description
channel is the onboard channel or AMUX channel on which NI-DAQ took the binary reading using AI_Read.
For devices other than the E Series devices, this parameter is ignored because the scaling calculation is the same
for all of the channels. However, you are encouraged to pass the correct channel number.
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gain is the gain setting that you used to take the analog input reading. If you used SCXI to take the reading, this
gain parameter should be the product of the gain on the SCXI module channel and the gain that the DAQ device
used. Refer to Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation, for valid gain
settings. Use of invalid gain settings causes NI-DAQ to return an error unless you are using SCXI. If you call
AI_vVScale for the DAQCard-500, NI-DAQ always ignores the gain; if you call AT_VScale for the
DAQCard-700, NI-DAQ ignores the gain unless you are using SCXI.

gainAdjust is the multiplying factor to adjust the gain. Refer to Appendix E, Analog Input Channel and Gain
Settings and Voltage Calculation, for the procedure for determining gainAdjust. If you do not want to do any
gain adjustment—for example, use the ideal gain as specified by the gain parameter—set gainAdjust to 1.

offset is the binary offset that needs to be subtracted from the reading. Refer to Appendix E, Analog Input
Channel and Gain Settings and Voltage Calculation, for the procedure for determining offset. If you do not
want to do any offset compensation, set offset to 0.

reading is the result of the A/D conversion returned by AI_Read.
voltage is the variable in which NI-DAQ returns the input voltage converted from reading.
Note to C Programmers—voltage is a pass-by-reference parameter.

Refer to Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation, for the formula
AI_VScale uses to calculate voltage from reading.

If your device polarity and range settings differ from the default settings shown in the Init_DA_ Brds
function, be sure to call AI_Configure to inform the driver of the correct polarity and range before using this
function.

You must use the SCAN_Setup function prior to invoking this function.

You cannot use external signals to control A/D conversion timing and use this function at the same time.

Multiple-Channel Analog Input (MAI)

The remainder of this chapter describes the Multiple-Channel Analog Input functions used with the NB-A2000,
NB-A2100, and NB-A2150 boards for Macintosh computers. The Multiple-Channel Analog Input functions cover
single A/D conversions simultaneously sampled on a group of channels.

NB-A2000 Analog Input

The NB-A2000 contains four simultaneously sampled, single-ended analog input channels numbered O through 3.
These input channels are multiplexed into a single unity gain stage followed by a 1-us conversion time, 12-bit
resolution, ADC.

The signal range of each input channel is +5 V when DC coupling is selected and +5 V peak AC with =25 VDC
offset when AC coupling is selected.

A/D conversions can be initiated through software or by applying active-low pulses to the SAMPCLK* input on the

NB-A2000 I/O connector or active high pulses to the CLOCKI RTSI bus input. The 1024-word deep FIFO memory
on the board stores up to 1024 A/D conversion results.

NB-A2100 Analog Input

The NB-A2100 contains two simultaneously sampled analog input channels numbered 0 and 1. These 16-bit
resolution A/D channels have 64-times oversampling delta-sigma modulating ADCs and digital anti-aliasing filters
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for extremely high-accuracy data acquisition. The input also has a software-programmed switch for AC or DC
coupling of the input signals.

The signal range for each input channel is #2.828 V (2 Vrms) with a maximum input voltage rating of 10 V
powered on or off.

The ADCs can be run at 22.05 kHz, 24 kHz, 32 kHz, 44.1 kHz, or 48 kHz conversion rates. A 32-bits wide, 16
words deep FIFO memory on the board stores up to 32 A/D conversion results if one channel is being sampled, or
16 A/D conversion results for each channel if both analog input channels are being sampled.

The A/D conversion data can be sent serially over the RTSI bus to other National Instruments boards, such as the
NB-DSP2300 digital signal processing board.

NB-A2150 Analog Input

The NB-A2150 contains four simultaneously sampled analog input channels numbered O through 3. These 16-bit
resolution A/D channels have 64-times oversampling delta-sigma modulating ADCs and digital anti-aliasing filters
for extremely high-accuracy data acquisition. The input also has a software-programmed switch for AC or DC
coupling of the input signals.

The signal range for each input channel is #2.828 V (2 Vrms) with a maximum input voltage rating of £10 V
powered on or off.

The ADCs can be run at four timebases and each of these timebases is divided by 1, 2, 4, or 8 to produce 16 sample
rates from which to choose. The timebase values are as follows:

NB-A2150F: 51.2 kHz, 48 kHz, 32 kHz, and 30.72 kHz

NB-A2150C: 48 kHz, 44.1 kHz, 32 kHz, and F,

NB-A2150S: 24 kHz, 20 kHz, 16 kHz, and F,

F, is a user-defined sample rate and is obtained by dividing the custom installed crystal frequency by 384.

Multiple-Channel Analog Input Function Summary

Use the following functions for multiple-channel analog input operations on the NB-A2000, NB-A2100, and the
NB-A2150:

MAI_Arm Enables/disables the NB-A2000 to take a sample of selected input channels whenever an
external pulse on the sample clock input is received. If external pulses are used, data is then
stored in the board's A/D FIFO for later retrieval by MAI_Read (NB-A2000 only).

MAI_Clear Clears the A/D FIFO and related analog input circuitry (NB-A2000 only).

MAI_Coupling Selects coupling for all channels with programmable coupling.

MAI_Read Returns a reading for all of the selected analog input channels. If an external sample clock is

being used and MAI_Arm has been called, samples generated by previous sample clock
pulses are returned; otherwise, the inputs are read when the call is made.

MAI_Scale Given an array of acquired data, converts the values in the array to the actual voltage values
measured.
MAI_Setup Selects the analog input channels read, sets the gain per channel, and sets the multiplexing rate

between channels for all analog input operations—affects single read multiple-channel analog
input (MAI functions) and multiple-channel data acquisition operations (MDAQ functions).
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Multiple-Channel Analog Input Application Hints

For most operations, MAI_Read is the only function required to perform a single scan of all the analog input
channels. The NB-A2000 reads all four analog input channels by default. The NB-A2100 reads both analog input
channels by default. The NB-A2150 reads all four analog input channels by default. MAI_Scale can subsequently
be used to convert the binary values to voltage values. If you want to change the analog input channels monitored,
use MAT_Setup. MAI_Coupling is used to select AC or DC coupling on the NB-A2000, NB-A2100, or
NB-A2150 analog input channels. The NB-A2000 is configured for AC coupling by default, and the NB-A2100 and
NB-A2150 are configured for DC coupling by default.

The default settings for NB-A2000 analog input are as follows:

e AC coupling on all input channels

*  Four analog input channels (channels O through 3) selected

* Internal, onboard sample clock used

The default settings for NB-A2100 analog input are as follows:

*  DC coupling on both input channels

*  Both analog input channels (channels 0 and 1) selected

The default settings for NB-A2150 analog input are as follows:

*  DC coupling on all four input channels

*  All analog input channels (channels 0 through 3) selected

Note: The defaults shown are the default values after system startup or a Board_Reset call.

Typical Multiple-Channel Analog Input Function Usage
Figure 3-3 shows the typical order for using the multiple-channel Analog Input functions, with an optional scale
step, to take multiple readings. The boxes represent steps that are optional or only necessary if the current settings

need to be changed.

Note: The defaults shown are the default values after power up or a Board_Reset call.
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MAI_Coupling I

\2

MAI_Setup

default:
all channels selected for scanning

N

MAI_Read

—| MAI_Scale

|

Figure 3-3. Flowchart for Multiple-Channel Analog Input Readings

After system startup or a board reset, the MAT_Read function returns a reading from all four of the NB-A2000 or
NB-A2150 channels or both of the NB-A2100 channels. The MAI_Setup step is only necessary if an application
needs to scan less than the default number of channels. The MAI_Scale step is shown as optional, although many
applications perform this step for every MAI_Read done to convert the reading to the actual voltage values
measured.

Buffered Analog Input

Buffered, multiple-channel analog input is implemented by the multiple-channel Data Acquisition functions
presented in Chapter 6, Data Acquisition Functions. MAI_Coupling, MAI_Setup, and MAI_Scale are also
used with the multiple-channel Data Acquisition functions.

Externally Clocked Analog Input (NB-A2000)

MAI_Armand MAI_Clear are only used for externally clocked sampling. Use 22000_Config to select external
sample clock, and use MAI_Arm to enable the NB-A2000 to sample its inputs and save the readings in the A/D
FIFO whenever a sample clock edge is received. Call MAI_Read to retrieve the readings. MAI_Read returns the
earliest sample in the A/D FIFO for the channels selected, or an error if no readings are present. MAI_Clear can
be used at any time to clear the A/D FIFO or error conditions. MAI_Arm can be used again to disable externally
clocked analog input.
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A2000_Config
"4

MAI_Coupling
defaults:

AC coupling on all channels

MAI_Setup
defaults:
all four channels selected for scanning

external sample
clock pulse(s)

MAI_Read

e| MAI_Scale I

Figure 3-4. Flowchart for Externally Clocked Multiple-Channel Analog Input

MAI Arm

Function

Enables/disables the NB-A2000 to take a sample of selected input channels whenever an external pulse on the
sample clock input is received. If external pulses are used, data is then stored in the board's A/D FIFO for later
retrieval by MAT_Read (NB-A2000 only).

Synopsis
C Syntax locus i32 MAI_Arm(u32 deviceNumber, u32 mode);
Pascal Syntax function MAI_Arm(deviceNumber : i32; mode : 132) : i32;
BASIC Syntax | FN MAI_Arm(deviceNumber&, modeé&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

mode indicates whether external pulses are used.

0: arm the board to convert on external conversion pulses.
1: disarm the board to convert on external conversion pulses.
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When MAT_Arm is called, the A/D FIFO is cleared and the input signals are sampled whenever a rising edge is
received on the SAMPCLK* input on the NB-A2000 I/O connector or a falling edge is received on the
CLOCKI RTSI bus input. To retrieve these values, call MAT_Read.

A2000_Config must be called before MAT_Arm to select external sample clock for external conversions. A
RTSI_Conn call must be made if the CLOCKI RTSI bus input is used (see Chapter 9, RTSI Bus Trigger
Functions). After calling MAT_Arm to disarm, be sure to call A2000_Config to reset to the internal sample
clock.

MAI_Clear

Function
Clears the A/D FIFO and related analog input circuitry (NB-A2000 only).

Synopsis
C Syntax locus i32 MAI_Clear (u32 deviceNumber) ;
Pascal Syntax function MAI_Clear (deviceNumber : i32) : i32;
BASIC Syntax | FN MAI_Clear (deviceNumberé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

MAI_Clear clears any analog input error conditions and unwanted samples from the A/D FIFO on the
NB-A2000.

MAI_Coupling

Function
Selects coupling for all channels with programmable coupling.
Synopsis
C Syntax locus i32 MAI_Coupling(u32 deviceNumber, u32 channelCount, ulé6

*coupling);

Pascal Syntax function MAI_Coupling (deviceNumber : 1i32; channelCount : 1i32;
coupling : pil6) : i32;

BASIC Syntax | FN MAI_Coupling(deviceNumber&, channelCounté, couplings)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

channelCount is the number of channels on the board that have programmable coupling settings.
5 for the NB-A2000 channels: ACHO, ACH1, ACH2, ACH3, and ATRIG.

2 for the NB-A2100 channels: ACHO, ACH1.

4 for the NB-A2150 channels: ACHO, ACH1, ACH2, and ACH3.
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coupling is an array of length channelCount that selects AC or DC coupling for each analog input channel.
Each value in the coupling array selects the setting for each channel as follows:
coupling[/] = 0: AC coupling.
coupling[/] = 1: DC coupling.
coupling[i] = 2: GND coupling. This selection grounds the input channel.

For the NB-A2000, the elements in coupling are interpreted as follows:
coupling[0]: coupling setting for ACHO.
coupling[1]: coupling setting for ACHI.
coupling[2]: coupling setting for ACH2.
coupling[3]: coupling setting for ACH3.
coupling[4]: coupling setting for ATRIG.
The GND coupling option is not available on the NB-A2000.

For the NB-A2100, the elements in coupling are interpreted as follows:
coupling[0]: coupling setting for ACHO.
coupling[1]: coupling setting for ACHI.

The coupling setting on both ACHO and ACH1 must be the same on the NB-A2100.

For the NB-A2150, the elements in coupling are interpreted as follows:
coupling[0]: coupling setting for ACHO.
coupling[1]: coupling setting for ACH1.
coupling[2]: coupling setting for ACH2.
coupling[3]: coupling setting for ACH3.
The coupling setting on ACHO must be the same as the coupling setting on ACH1, and the coupling setting
on ACH2 must be the same as the coupling setting on ACH3 on the NB-A2150.

Note: All programmable channels must have a setting in the coupling array when MATI_Couplingis
called.

MAI_Coupling sets each NB-A2000, NB-A2100, or NB-A2150 analog input to the selected coupling. After
system startup or a Board_Reset function call, the coupling of all programmable channels defaults to AC
coupling on the NB-A2000 and DC coupling on the NB-A2100 and NB-A2150.

MAI Read

Function
Returns a reading for all of the selected analog input channels. If an external sample clock is being used on the
NB-A2000 and MAI_Arm has been called, samples generated by previous sample clock pulses are returned;
otherwise, the inputs are read when the call is made.

Synopsis
C Syntax locus i32 MAI_Read(u32 deviceNumber, 1il6 *reading);
Pascal Syntax function MAI_Read(deviceNumber : i32; var reading : 1i16) : 1i32;
BASIC Syntax | FN MAI_Read(deviceNumber&, readingé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

reading is an array of readings from each sampled analog input channel. The length of the reading array is
equal to the number of channels selected in the MAT_Setup channelCount parameter. On the NB-A2000, the
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elements of reading are 12-bit sign extended integers which range from -2,048 to +2,047. On the NB-A2100
and the NB-A2150, the elements of reading are 16-bit integers which range from -32,768 to +32,767.

MAI_Read samples the selected analog input channels selected by MAI_Setup. By default, all four
NB-A2000 and NB-A2150 analog input channels and both NB-A2100 analog input channels are sampled.
MAI_Read samples all selected input channels when the call is made unless the external sample clock is used.

If the external sample clock is used on the NB-A2000 and MAI_Arm has been called, MAT_Read returns the
earliest reading stored in the A/D FIFO for the selected channels. An error is returned if no readings are stored.
MAI_Clear can be used at any time to clear the A/D FIFO or overflow error conditions. If the NB-A2000 is
configured to sample a single analog input channel (channelCount = 1 in MAI_Setup) with the external
sample clock, two clock pulses must be received, because the NB-A2000 only stores samples in pairs. On
return from MAI_Read reading contains two values with reading[0] holding the earlier sample.

MAI_Scale

Function
Given an array of acquired data, converts the values in the array to the actual voltage values measured.

Synopsis

C Syntax locus i32 MAI_Scale(u32 deviceNumber, u32 count, 1il6 *readings, £32
*voltages) ;

Pascal Syntax function MAI_Scale(deviceNumber : i32; count : 132; readings :
pil6; voltages : pf32) : i32;

BASIC Syntax | FN MAI_Scale(deviceNumber&, count&, readingsé&, voltagesg)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

count is the total number of scans in the values array.
readings is an array of acquired 12-bit or 16-bit binary data.

voltages is an array of 32-bit floating point values that is returned corresponding to the actual input voltages
measured.

MAI_Scale calculates voltages from readings as follows:
For the NB-A2000: voltages[i] = readings[i] + 5/ 2,048.
For the NB-A2100 and NB-A2150: voltages[i] = readings[i] + 2 828/ 32,768.

Note: MATI_Scale assumes that all the settings that were in effect during the data acquisition are the
same settings that are in effect when the data is being scaled. If data is logged to disk and then read
later for scaling, the MAI_Setup function needs to be called before scaling if the settings have been
changed.
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MAI_Setup

Function
Selects the analog input channels read, sets the gain per channel, and sets the multiplexing rate between
channels for all analog input operations—affects single read multiple-channel analog input (MAI functions) and
multiple-channel data acquisition operations (MDAQ functions).

Synopsis

locus i32 MAI_Setup(u32 deviceNumber, u32 channelCount, ulé6
*channels, ul6 *gains, u32 muxInterval, u32 timebase, u32
muxMode) ;

C Syntax

Pascal Syntax function  MAI_Setup (deviceNumber : i32; channelCount : 1i32;
channels : pil6; gains : pil6; muxInterval : i32;
timebase : 132; muxMode : i32) : i32;

BASIC Syntax

FN MAI_Setup (deviceNumberé&, channelCounté&, channelsé&, gainsg,
muxIntervalé&, timebaseé&, muxMode&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

channelCount is the number of onboard channels to be scanned when sampling the analog input.
Valid values for the NB-A2000 and the NB-A2150:

1,2, 4.
The following values of channelCount are valid for the NB-A2100:

1,2.

channels is an integer array of length channelCount that contains a listing of the analog input channels to be
scanned. Tables 3-3 and 3-4 outline the valid combinations and ordering of channels.

Table 3-2. Valid channelCount and channels Settings for the NB-A2000 and the NB-A2150

channelCount channels entries
1 channels[0] =0 or 1 or2 or 3 samples a single analog input
2 channels[0] = 0, channels[1] = 1, or samples two analog inputs
channels[0] = 2, channels[1] =3
4 channels[0] = 0, channels[1] = 1, samples all analog inputs
channels[2] = 2, channels[3] = 3 (default setting)
Table 3-3. Valid channelCount and channels Settings for the NB-A2100
channelCount channels entries
1 channels[0] =0 or 1 samples a single analog input
2 channels[0] = 0, channels[1] = 1, or samples both analog inputs
channels[0] = 1, channels[1] =0 (default setting)

gains is an integer array of length channelCount that contains a gain setting for each channel selected in
channels. The NB-A2000, NB-A2100, and NB-A2150 have a fixed gain of 1; therefore, the gains value is
ignored for these boards.
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muxlInterval is the input multiplexer switching time interval, that is, the time lapse between when each
successive channel in channels is sampled. The multiplexer switching time interval is a function of the
timebase resolution selected by timebase. The actual interval in seconds is determined by the following
formula:

muxInterval * (timebase resolution)

For the NB-A2000, NB-A2100, and NB-A2150, set muxInterval to 0 because these boards simultaneously
sample their input channels.

timebase is the resolution to use for the multiplexer switching interval. Because muxInterval is always set to 0
for the NB-A2000, NB-A2100, and NB-A2150, timebase is ignored.

muxMode indicates the number of external multiplexer boards connected to the board. For the NB-A2000,
NB-A2100, and NB-A2150, set muxMode to 0 since the boards do not use an external multiplexer board.

The NB-A2000 and NB-A2150 are initially configured at system startup to sample all four input channels as
shown in the last row of Table 3-2. The NB-A2100 is initially configured at system startup to sample both input
channels as shown in the last row of Table 3-3. MATI_Setup is only needed if you want to sample fewer
channels or the configured input channels have been changed.
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Analog Output Functions

This chapter describes the functions for single D/A conversions.

The Analog Output functions cover single D/A conversions. Multiple D/A operations functions can be performed
with the Waveform Generation functions (see Chapter 10, Waveform Generation Functions). See Appendix A to
determine what functions your board supports.

If you are using the SCXI-1124 analog output module, you need to use the SCXI functions described in Chapter 7,
SCXI Functions, instead of the Analog Output Functions.

Analog Output

Table 4-1 summarizes the analog output characteristics of the data acquisition boards.

Table 4-1. Analog Output Characteristics Summary

Board Analog DAC Hardware Configuration for Onboard Can Be Driven
Output Analog Output Channels Voltage by External
Channels References Reference
Voltage Signal
NB-AO-6! 0-5 Double- | unipolar voltage +100r+2.5V yes
buffered | bipolar voltage drives the analog
12-bit current output output channels
NB-MIO-16 0-1 12-bit unipolar voltage +10 V drives the yes
NB-MIO-16X bipolar voltage analog output
channels
Lab and 1200 Series 0-1 12-bit unipolar voltage (0 to +10 V) — no
bipolar voltage (-5 to +5 V)
DAQCard-AO-2DC 0-1 12-bit unipolar current (0 to 20 mA) — no
unipolar voltage (0 to +10 V)
bipolar voltage (-5 to +5 V)
PCI-MIO-16XE-50 0-1 12-bit bipolar (-10 to +10 V) +10 V drives the no
analog output
channels

10n the NB-AO-6, each analog output channel can be immediately updated when written to, or all channels on the
NB-AO-6 can be simultaneously updated at a later time by either an external update pulse or a software
command (see AO_Update).
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NB-A2100 Analog Output

The NB-A2100 contains two simultaneously updated analog output channels numbered 0 and 1. These 16-bit
resolution D/A channels use 8-times oversampling digital anti-imaging filters for extremely high fidelity data output.
Each channel also has a jumper to select AC or DC coupling.

The output range for each channel is #3 V (or about 2.12 Vrms).

The DACs can be run at 16, 22.05, 24, 32, 44.1, or 48 kHz conversion rates. A 32-bit-wide, 16-word-deep FIFO
memory on the board serves as a buffer to the DAC and can store 32 conversion values if one channel is being
output or 16 conversion values for each channel if both channels are being output.

The D/A conversion data can be received serially over the RTSI bus from other National Instruments boards such as
the NB-DSP2300 digital signal processing board.

Analog Output Function Summary

The following functions are used for analog output:

AO_Change_Parameter Selects parameter settings for analog output.

AQ_Setup Configures each analog output channel.

AO_Update Updates all analog output channels on the board to new voltage/current values.
AQO_VScale Converts voltage into a binary value to use with the AO_Write function to

generate that voltage.

AO_Write Writes a binary value to the analog output channel to change output current or
voltage.

Analog Output Application Hints

For most purposes, AO_Write is the only function required to generate single analog output voltages. If needed,
you can use AO_VScale to convert a voltage or current value to the binary value to be output.

AO_Setup
update mode =0
D
AO_Change_Parameter I
N

AO_VScale I

N2

AO_Write

Figure 4-1. Immediate Update Analog Output Flowchart
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The NB-AO-6 also supplies current outputs for each channel. For the current outputs, 0 V corresponds to 4 mA and
10 V corresponds to 20 mA when using the onboard 10 V reference.

If the jumper settings on the Lab-NB, Lab-LC, NB-MIO-16, NB-MIO-16X, or NB-AO-6 analog output circuitry
have been changed from the factory settings, you need to use AO_Setup to update the analog output configuration
information for the drivers. This update needs to be made only once per system startup. Read the AO_Setup
description to double-check your configuration.

With AO_Setup you can also select whether to use delayed update on the Lab and 1200 series, NB-AO-6,
PCI-MIO-16XE-50, or NB-MIO-16X (this feature is not available on the NB-MIO-16). With delayed update, you
can use AO_Write to write to one or more analog output channels without changing the state of the analog outputs.
You can then simultaneously change the state of all analog outputs at a later time by executing AO_Update or by
applying an external update pulse.

AO_Setup
update mode = 1
| AO_Change_Parameter |

N

AO_VScale I‘_

T (for number of channels

to update)
AO_Write
%
{ AO_Update ’

Figure 4-2. Delayed Update Analog Output Flowchart

The NB-A2100 always immediately updates the selected analog output channels with a bipolar value when
AO_Write is called. So, the functions AO_Setup and AO_Update are not supported on the NB-A2100.

AO_Change_Parameter

Function
Selects a specific parameter setting for the analog output section of the device or an analog output channel. You
can select parameters related to analog output not listed here through the AO_Setup function.

Synopsis

C Syntax locus 132 AO_Change_Parameter (u32 deviceNumber, u32 channel, u32
paramID, u32 paramValue);

Pascal Syntax function  AO_Change_Parameter (deviceNumber : i32; channel : i32;
paramID : 132; paramValue : 132) : i32;

BASIC Syntax | FN AO_Change_Parameter (deviceNumber&, channel&, paramIDg,
paramValueé&)
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Description

Legal ranges for paramID and paramValue are given in terms of constants defined in a header file. The header

file you should use depends on the language you are using:
e Cprogrammers—NIDAQCNS.H
*  Pascal programmers—NIDAQCNS.PAS

Legal values for channel depend on the type of device you are using; analog output channels are labeled 0
through n-1, where 7 is the number of analog output channels on your device. You can set channel to -1 to

indicate that you want the same parameter selection for all channels. You must set channel to -1 if you want to

change a parameter you cannot change on per-channel basis.

Legal values for paramValue depend on paramID. The following paragraphs list features you can configure
along with legal values for paramID with explanations and corresponding legal values for paramValue.

Voltage or Current Qutput
Some devices require separate calibration constants for voltage and current outputs. Setting the output type to

voltage or current for these devices causes the driver to use the correct calibration constants and to interpret the

input data correctly in AO_VScale. To change the output type, set paramID to ND_OUTPUT_TYPE.

Device Type Per-Channel Legal Range for Default Setting for
Selection paramValue paramValue
Possible
DAQCard-AO-2DC Yes ND_CURRENT_OUTPUT | ND_VOLTAGE_OUTPUT
and
ND_VOLTAGE_OUTPUT

This function lets you customize the behavior of the analog output section of your device. You should call this
function before calling NI-DAQ functions that cause output on the analog output channels. You can call this
function as often as you need.

AQO_Setup

Function
Configures the specified analog output channel.

Synopsis

(:Synum: locus 132 AO_Setup(u32 deviceNumber, u32 channel, u32 outputMode,
f64 outputRange, u32 updateMode, u32 updateSignal, u32
updateEdge) ;

Pascal Syntax function  AO_Setup(deviceNumber : i32; channel : i32; outputMode
132; outputRange : f64; updateMode : 132; updateSignal
i32; updateEdge : 1i32) : i32;

BASIC Syntax | FN AO_Setup (deviceNumber&, channels, outputMode&, outputRange#,
updateMode&, updateSignalé&, updateEdge&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the

Devices section in Chapter 1, Getting Started, for more information.
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channel is the analog output channel number.
Range: 0 through n-1, where n is the number of analog output channels on the board.

outputMode selects whether the analog output channel is configured for unipolar or bipolar operation:
1: unipolar operation.
0: bipolar operation.

outputRange is the analog output channel voltage reference value. This parameter is ignored for the
DAQCard-AO-2DC, Lab, and 1200 series boards since the outputMode determines their output range.

updateMode indicates whether a double-buffered analog output channel is updated when written to:
0: immediate update.
1: not updated when written to.

updateSignal indicates which signal is used to update the double-buffered analog output channel:
0: internal (default).
1: external.

updateEdge indicates whether the falling edge or rising edge is used (NB-AO-6 only) to update the double-
buffered analog output channels:

0: falling.

1: rising.

Note: On the NB-AO-6, the double-buffered analog output channels are updated by the specified edge of
the EXT.UPD signal; for group operations, the last channel configured specifies the appropriate
setting for updateEdge.

Only the following combinations of updateMode, updateSignal, and updateEdge are valid on the
NB-MIO-16X, Lab and 1200 series, and MIO E Series devices. An x indicates the value is ignored for that
combination.

updateMode updateSignal updateEdge Description

0 X X Analog output channels are updated as soon as
AO_Write is executed.

1 1 X For the NB-MIO-16X and all Lab and 1200 series
devices except the Lab-LC , the analog output
channels are updated when a low level is detected
on EXTUPDATE#*. For the Lab-LC, the analog
output channels are updated when a high-to-low
edge is detected on the EXTUPDATE* pin. For
MIO E Series devices, the analog output channels
are updated on an active low pulse applied to the
PFIS pin. To alter the pin and polarity, you can call
the Select_Signal function.

1 0 X Analog output channels are updated when
AQO_Update is executed.

AO_Setup stores information about the specified analog output channel on the specified board in the
configuration table for that analog channel. After system startup, the analog output channel configuration tables
default to the following:

outputMode = 0: bipolar (unipolar on the DAQCard-AO-2DC).

outputRange = 10 V (-5 to +5 V on the Lab and 1200 series).

updateMode = 0: immediate update.
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If the physical configuration of the analog output channels on your board differs from these defaults, you must
call AO_Setup with the actual configuration information in order for the remaining Analog Output functions to
operate properly.

With AO_Setup you can also select whether to use delayed update on the NB-AO-6, Lab and 1200 series,
MIO E Series, or NB-MIO-16X (this feature is not available on the NB-MIO-16). Delayed update is configured
by setting updateMode to 1. You can use delayed update to use AO_Write to write to one or more analog
output channels without changing the state of the analog outputs and then to simultaneously change the state of
all analog outputs at a later time by executing AO_Update or by applying an external update pulse.

Note: AO_Setup replaces the AO_Config function used in previous versions of NI-DAQ for Macintosh.

AO_Update

Function
Updates all analog output channels on the specified board to new voltage/current values.

Synopsis
C Syntax locus 132 AO_Update (u32 deviceNumber) ;
Pascal Syntax function  AO_Update (deviceNumber : 132) : i32;
BASIC Syntax | FN AO_Update (deviceNumberé)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

AO_Update issues an update pulse to all analog output channels on the specified board. All analog output
channel voltages/currents are then simultaneously changed to the last value written. This type of delayed update
is provided for the NB-AO-6, Lab and 1200 series, MIO E Series, or NB-MIO-16X only.

AO_VScale

Function

Converts a floating point number to the appropriate binary value to use with the AO_Write function to
generate that voltage or current.

Synopsis

C Syntax locus i32 AO_VScale (u32 deviceNumber, u32 channel, f64 voltage, 116
*value) ;

Pascal Syntax function AO_VScale (deviceNumber : i132; channel : i32; voltage :
f64; var value : 1il1l6) : 1i32;

BASIC Syntax | FN AO_VScale (deviceNumbers&, channel&, voltage#, valueé&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

NI-DAQ Software Reference Manual for Macintosh 4-6 © National Instruments Corporation



Chapter 4

channel is the analog output channel number.

Analog Output Functions

Range: 0 through n-1, where n is the number of analog output channels on the board.

voltage is the voltage, in volts, or current, in amps, to be converted to a binary value.

value is the converted binary value returned.

Using the following formula, AO_VScale calculates the binary value to be written to the specified analog
output channel to generate an output voltage or current corresponding to voltage.

value = (voltage/outputRange) * maxBinVal

For voltages the values of outputRange and maxBinVal are listed in the following table:

Junction call.

Device Unipolar Bipolar
outputRange maxBinVal outputRange maxBinVal
Most devices * 4,096 * 2,048
Lab and 1200 10.0 4,096 5.0 2,048
series, AO-2DC
NB-A2100 — — 3.0 32,768
Note: ::indicates that you specify the value of outputRange in the AO_Configure

outputRange is specified in a call to AO_Setup.

If you set the output type to current by calling AO_Change_Parameter, voltage indicates the current to
output in amps. The values of outputRange and maxBinVal are listed in the following table:

Device

Unipolar

outputRange

maxBinVal

DAQCard-AO-2DC

0.002

4,096

AO_Write

Function

Writes a binary value to the analog output channel to change output current or voltage.

Synopsis
C Syntax locus i32 AO_Write (u32 deviceNumber, u32 channel, i32 value);
Pascal Syntax function AO_Write (deviceNumber : 1i32; channel : 132; wvalue : 132)
: 132;
BASIC Syntax | FN AO_Write (deviceNumber&, channel&, valueg)
Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.
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channel is the analog output channel number.
Range: 0 through n-1, where n is the number of analog output channels on the board.

value is the digital value to be written to the analog output channel.
Range for unipolar: 0 to 4,095.
Range for bipolar: -2,048 to 2,047. (-32,768 to 32,767 on the NB-A2100)

AO_Write writes value to the DAC in the analog output channel. If the analog output channel is configured
for immediate update, the output voltage or current changes immediately. Otherwise, delayed update is used
and the output voltage or current changes when an update command or pulse is issued. This type of delayed
update is available only on the NB-AO-6, Lab and 1200 series, MIO E Series, and NB-MIO-16X.
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Chapter 5
Digital I/0 Functions

This chapter describes the functions used to read from and write to digital ports, which can be addressed as a single
entity or as individual digital lines. The following National Instruments boards for the Macintosh have digital I/O
hardware:

e  All MIO boards

* All Lab and 1200 series boards

* All DIO boards

* NB-TIO-10

* DAQCard-AO-2DC

*  DAQCard-500 and DAQCard-700

Digital I/O ports on the National Instruments boards can have up to eight digital lines in width. Some of the digital
I/O ports have less than eight digital lines. The name port, in fact, refers to a set of digital lines. In many instances,
the set of digital lines is controlled as a group both for reading and writing purposes and for configuration purposes.
For example, the port can be configured as either an input port or as an output port, which means that the set of
digital lines making up the port all become input lines or output lines.

The digital ports are usually assigned a letter, and the digital lines making up the port are assigned numbers
beginning with 0. For example, the NB-DIO-24 contains three ports of eight digital lines each. These ports
are labeled PA, PB, and PC on the NB-DIO-24 1/O connector drawing, as shown in the NB-DIO-24 User
Manual. The eight digital lines making up Port PA are labeled PA7 through PAO.

In some cases digital I/O ports can be further combined into a larger entity called a group. On the NB-DIO-32F, for
example, any of its Ports DIOA through DIOD can be assigned to one of two groups. These groups control the
digital lines of the ports assigned.

The Digital I/O functions can write to and read from both an entire port and single digital lines within the port. To
write to an entire port, the digital output data is written to the port as an 8-bit value (range 0 to 255). To read from a
port, the digital input data is returned as an 8-bit value. The mapping of the 8 bits to the digital I/O lines is as
follows:

Bit Number Digital I/O Line Number
7 7 Most significant bit
6 6
5 5
4 4
3 3
2 2
1 1
0 0 Least significant bit

For example, a value of 255 corresponds to all lines at a logic high level. A value of 32 corresponds to digital I/O
line number 5 at a logic high level and to the remaining lines at a logic low level. In the cases where a digital I/O
port has less than eight lines, the most significant bits in the 8-bit value are ignored.
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Most of the digital I/O ports on the boards can be configured as either input ports or output ports. Some digital I/O
ports are permanently fixed as either input ports or output ports. If a port is configured as an input port, reading that
port returns the value of the digital lines. The state of the digital lines, in this case, is determined by external devices
connected to those lines and driving them. If no external device is driving the lines, the lines float to some
indeterminate state and can be read as either in state O (digital logic low) or state 1 (digital logic high). If a port is
configured as an output port, writing to the port sets each digital line in the port to a digital logic high or low,
depending on the pattern of the data written. In this case, these digital lines can be used to drive an external device.
Many of the digital I/O ports have read-back capability; that is, if the port is configured as an output port, reading the
port returns the output state of that port.

The digital I/O ports and groups on some of the boards support handshaking modes. Ports and groups can be
configured for handshaking or no-handshaking. For the remainder of this chapter, no-handshaking mode is
synonymous with nonlatched mode and handshaking mode is synonymous with latched mode. These two modes are
described as follows:

*  No-handshaking (nonlatched) mode: This mode simply changes the digital value at an output port when written
to and returns a digital value from a digital input port when read. No handshaking signals are generated.

*  Handshaking (latched) mode: In this mode, a digital input port latches the data present at the input port when it
receives a handshake signal, and generates a handshake pulse when a digital output port is written to by the
computer. The status of a port or of a group of ports can be read to determine whether an external device has
accepted data written to an output port or has latched data into an input port.

The no-handshaking mode is often used for process control applications, such as controlling or monitoring relays.
The handshaking mode is often used for communications applications, such as transferring data between two
computers.

NB-DI10-24, DAQCard-DIO-24, NB-PRL, and Lab and 1200
Series Digital I/0

The NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series boards contain 24 bits of digital I/O. These bits
are divided into a set of three digital I/O ports of eight bits each. Digital I/O on these boards is controlled by an
8255 or 82C55 programmable peripheral interface (PPI) chip. The digital I/O ports are labeled as Ports PA, PB, and
PC on the I/O connector, as shown in the user manual for each board. All three ports can be configured either as
input ports or output ports. These ports are referred to as Ports 0, 1, and 2 for the Digital I/O functions, where:

Port PA =Port 0
Port PB = Port 1
Port PC = Port 2

Ports 0 and 1 can be used with both latched (handshaking) mode and nonlatched (no-handshaking) mode. Port 2 can
be used with nonlatched mode only. The digital lines making up Port 2 (PC) are used as handshaking lines for both
Ports 0 and 1 whenever either is configured for latched mode; therefore, Port 2 is not available for Digital /O
functions whenever either Port O or 1 is configured for latched mode.

The NB-PRL has the same functionality as the NB-DIO-24, except that the NB-PRL has a 25-pin DSUB I/O
connector so that the board can be used as a NuBus parallel interface for Centronics printers. All references to the
NB-DIO-24 throughout the manual also apply to the NB-PRL.

Note:  Using an SCXI chassis with a Lab or 1200 series board or DAQCard-DI0-24 will cause NI-DAQ to
reserve some digital 1/0 lines. Refer to Chapter 7, SCXI Functions, for more information.
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NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 Series Groups

Any combination of ports 0 and 1 on the NB-DIO-24, DAQCard-DIO-24, NB-PRL, and Lab and 1200 series can be
grouped together to make up larger ports. See Digital I/0 Application Hints and DIG_Scan_Setup for more
details.

NB-DIO-32F Digital I/0O

The NB-DIO-32F contains 38 bits of digital I/O. These bits are divided into a set of four digital I/O ports of 8 bits

each, a 3-bit digital input port, and a 3-bit digital output port. The 8-bit digital I/O ports are labeled as Ports DIOA,
DIOB, DIOC, and DIOD on the I/O connector, as shown in the NB-DIO-32F User Manual. The 3-bit digital input
port is labeled IN and the 3-bit digital output port is labeled OUT on the I/O connector. These ports are referred to
as Ports 0 through 4 by the Digital I/O functions, where:

Port DIOA = Port 0
Port DIOB = Port 1
Port DIOC = Port 2
Port DIOD = Port 3
Ports OUT and IN = Port 4

You can configure Ports O through 3 as either input ports or output ports. When any of these ports is configured as
an output port, it has read-back capability; that is, by reading the port, you can determine what digital value the
output port is currently asserting. Port 4 is always configured for both input and output. However, because the input
and output pins of Port 4 are physically separate, writing to and then reading from Port 4 does not return the value
written (unless OUT1 is wired to IN1 and OUT?2 to IN2 at the I/O connector).

You can also configure Ports 0 through 3 for both latched mode and nonlatched mode. If you configure the ports for
latched mode, you must assign the ports to one of two handshake groups. The NB-DIO-32F I/O connector includes
handshake lines for each of the two groups. These handshake lines are labeled REQ for request and ACK for
acknowledge. Signals received or generated on these handshake lines affect only the ports assigned to the group.

Port 4 is always configured as an I/O port. Writing to Port 4 affects the output lines labeled OUT1, OUT2, and
OUT3 on the I/O connector. Reading from Port 4 returns the digital value of the input lines labeled IN1, IN2, and
IN3 on the I/O connector. These lines are mapped to the bits of the data pattern written to and read from Port 4 as
follows:

Bit Number Digital I/O Line Number
7 through 3 No significance
2 OUT3 1IN3
1 OUT2 1IN2
0 OUT1 INI1 Least significant bit

Port 4 cannot be configured for latched mode.

NB-DIO-32F Groups

You can assign any of the Ports O through 3 on the NB-DIO-32F to one of two groups for handshaking. These
groups are referred to as Group 1 and Group 2. Group 1 uses handshake lines ACK1 and REQ1. Group 2 uses
handshake lines ACK2 and REQ2. The ACK line is driven by the group, and the REQ line is sensed by the group.
Refer to the NB-DIO-32F User Manual for more information.

Once ports are assigned to groups, the group acts as a single entity controlling 8, 16, or 32 digital lines
simultaneously. The following assignments are valid group assignments.
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Assigned Ports Group Size
Port 0 8-bit group
Port 1 8-bit group
Port 2 8-bit group
Port 3 8-bit group
Ports 0 and 1 16-bit group
Ports 2 and 3 16-bit group
Ports 0, 1, 2, and 3 32-bit group

When you assign ports to a group, handshaking of that port is controlled by the group. These ports are then read
from or written to simultaneously by writing or reading 8, 16, or 32 bits at one time from the group.

The groups can be configured for various handshake configurations. The configuration choices include level or
edge-triggered handshaking, inverted or noninverted ACK and REQ lines, and a programmed transfer settling time.

NB-DI0O-96 and PCI-DI0O-96 Digital 1/0

The NB-DIO-96 and PCI-DIO-96 boards contain 96 bits of digital I/O. These bits are divided into a set of 12 digital
I/0 ports of eight bits each. Digital I/O on this board is controlled by four 82C55A PPI chips. The digital I/O ports
are labeled as Ports APA, APB, APC, BPA, BPB, BPC, CPA, CPB, CPC, DPA, DPB, and DPC on the I/O
connector as shown in the NB-DIO-96 User Manual or PCI-DIO-96 User Manual. All 12 ports can be configured
as either input ports or output ports.

These ports are referred to as Ports 0 through 11 for the Digital Input and Output functions where:

Port APA = Port 0
Port APB = Port 1
Port APC = Port 2
Port BPA = Port 3
Port BPB = Port 4
Port BPC = Port 5
Port CPA = Port 6
Port CPB = Port 7
Port CPC = Port 8
Port DPA = Port 9
Port DPB = Port 10
Port DPC = Port 11

Ports, 0, 1, 3,4, 6,7, 9, and 10 can be used for both latched (handshaking) and nonlatched (no-handshaking) modes.
Ports 2, 5, 8, and 11 can be used only for nonlatched mode. The digital lines making up Port 2 (APC) are used as
handshaking lines for Ports O and 1 whenever either is configured for latched mode; therefore, Port 2 is not available
for Digital Input and Output functions whenever either Port O or Port 1 is configured for latched mode. The digital
lines making up Port 5 (BPC) are used as handshaking lines for Ports 3 and 4 whenever either is configured for
latched mode; therefore, Port 5 is not available for Digital Input and Output functions whenever either Port 3 or
Port 4 is configured for latched mode. The digital lines making up Port 8 (CPC) are used as handshaking lines for
Ports 6 and 7 whenever either is configured for latched mode; therefore, Port 8 is not available for Digital Input and
Output functions whenever either Port 6 or Port 7 is configured for latched mode. The digital lines making up Port
11 (DPC) are used as handshaking lines for Ports 9 and 10 whenever either is configured for latched mode;
therefore, Port 11 is not available for Digital Input and Output functions whenever either Port 9 or Port 10 is
configured for latched mode.
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NB-DIO-96 and PCI-DIO-96 Groups

Any combination of Ports 0, 1, 3,4, 6,7, 9, and 10 on the NB-DIO-96 and PCI-DIO-96 can be grouped together to
make up larger ports. For example, Ports 0, 3, 9, and 10 can be programmed to make up a 32-bit handshaking port,
or all eight ports can be programmed to make up a 64-bit handshaking port. See Digital I/0 Application Hints and
DIG_Scan_Setup for more details.

NB-MIO-16 and NB-MIO-16X Digital 1/O

The NB-MIO-16 and NB-MIO-16X each contain 8 bits of digital I/O. These bits are divided into a set of two digital
I/0O ports of four bits each. The 4-bit digital I/O ports are labeled as Ports DIOA and DIOB. These ports are referred
to as Ports 0 and 1 by the Digital I/O functions where:

Port DIOA = Port 0
Port DIOB = Port 1

You can configure Ports 0 and 1 as either input ports or output ports. Any port that you configure as an output port
has read-back capability (that is, by reading the port, you can determine what digital value the output port is
currently asserting).

The NB-MIO-16 and NB-MIO-16X digital I/O ports operate in nonlatched mode only.

Note: Using an SCXI chassis with an MIO board causes NI-DAQ to reserve some digital I/O lines. Refer to
Chapter 7, SCXI Functions, for more information.

PCI-MIO-16XE-50 Digital 1/0

The E Series devices contain one 8-bit digital I/O port supplied by the DAQ-STC chip. This port is referred to as
port O by the Digital I/O functions.

You can configure the entire digital port as either an input or an output port, or you can configure individual lines for
either input or output. The port has read-back capability (that is, by reading the port, you can determine what digital
value the output port is currently asserting). This port operates in nonlatched mode only.

Note:  Connecting one or more AMUX-64T devices or an SCXI chassis to an E Series device renders various
lines of the digital I/0 port unavailable:

One AMUX-64T device—Lines 0 and 1 are unavailable.

Two AMUX-64T devices—Lines 0, 1, and 2 are unavailable.
Four AMUX-64T devices—Lines 0, 1, 2, and 3 are unavailable.
SCXI—Lines 0, 1, 2, and 4 are unavailable.

The remaining lines of the digital I/0 port are available for input or output. You should use
DIG_Line_Config to configure these remaining lines.

NB-TIO-10 Digital I/O

The NB-TIO-10 contains 16 bits of digital I/O. These bits are divided into a set of two digital I/O ports of eight bits
each. Digital I/O on these ports is controlled by the Motorola MC6821 PIA chip. The 8-bit digital I/O ports are
labeled as Port A and Port B. These ports are referred to as Ports 0 and 1 by the Digital I/O functions, where:

Port A = Port 0
Port B = Port 1
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You can configure Ports O or 1 as either input ports or output ports. Either of these ports configured as an output
port has read-back capability; that is, by reading the port, you can determine what digital value the output port is
currently asserting. You can also configure each line on a port for direction, input or output. The NB-TIO-10 digital
I/O ports operate in nonlatched mode only.

DAQCard-AO-2DC Digital I/0

The DAQCard-AO-2DC contains 16 bits of digital I/O. These bits are divided into a set of two digital I/O ports of
eight bits each. The 8-bit digital I/O ports are labeled as Port A and Port B. These ports are referred to as Ports 0
and 1 by the Digital I/O functions, where:

Port A = Port O
Port B = Port 1

You can configure Ports O or 1 as either input ports or output ports. Either of these ports configured as an output

port has read-back capability; that is, by reading the port, you can determine what digital value the output port is
currently asserting.

DAQCard-500 and DAQCard-700 Digital 1/0

The DAQCard-500 and DAQCard-700 have one output port (Port 0) and one input port (Port 1) each; the
DAQCard-500 ports are 4-bit ports, and the DAQCard-700 ports are 8-bit. The digital I/O ports are labeled DIN and
DOUT on the I/O connector, as shown in the appropriate device user manual. The ports are referred to as ports 0 and
1 for the Digital I/O functions, in which:

« DOUT =port 0
e DIN=port 1

You can program ports 0 and 1 for nonlatched (no-handshaking) mode only. You can use port O for nonlatched
digital output mode. You can use port 1 for nonlatched digital input mode.

Note: Using an SCXI chassis with the DAQCard-700 renders digital lines 4, 5, 6, and 7 of port 0 and line 6 of
port 1 unavailable. Refer to Chapter 7, SCXI Functions, for more information.

SCXI Signal Conditioning Hardware

You can use the following digital SCXI modules with the MIO boards, DIO boards, and Lab boards:
*  SCXI-1160 16-channel electromechanical SPDT relay module

*  SCXI-1161 8-channel electromechanical SPDT relay module

*  SCXI-1162 32-channel optically isolated digital input module

*  SCXI-1162HV 32-channel high-voltage optically isolated digital input module

*  SCXI-1163 32-channel optically isolated digital output module

*  SCXI-1163R 32-channel optically isolated digital solid-state relay module

These modules do not work with the NB-TIO-10.

If your SCXI modules are configured for Multiplexed (or Serial) mode, you must use the SCXI functions in
Chapter 7, SCXI Functions, to read and write digital patterns. If your SCXI modules are configured for Parallel
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mode, you can use either the SCXI functions in Chapter 7 or the DIG_In_Port and DIG_Out_Port functions in
this chapter. Please refer to the SCXI Modules and Compatible Data Acquisition Boards section in Chapter 7 for
more information on which ports drive the modules in Parallel mode.

Digital I/0 Function Summary

Use the following functions for digital I/O operations on the NB-DIO-96, PCI-DIO-96, DAQCard-AO-2DC,
NB-DIO-24, DAQCard-DIO-24, DAQCard-500, DAQCard-700, NB-PRL, Lab and 1200 series, NB-DIO-32F,
NB-MIO-16, NB-MIO-16X, and NB-TIO-10:

DIG_In_Line Returns the digital logic state of the specified digital input line in the specified port.

DIG_In_Port Reads digital input data from the specified digital I/O port.

DIG_Line_Config Configures the specified line in the specified port for the direction (input or output)
selected.

DIG_Out_Line Sets or clears the specified digital output line in the specified digital port.

DIG_Out_Port Writes digital output data to the specified digital port.

DIG_Prt_Config  Configures the specified port for direction (input or output) and handshake mode.

DIG_Prt_Status  Returns a status word indicating the handshake status of the specified port (NB-DIO-96,
PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series, and NB-PRL
only).

Use the following functions for digital I/O group operations on the NB-DIO-32F:

DIG_Grp_Config  Configures the specified group for port assignment, direction (input or output), and size.
DIG_Grp_Mode Configures the group handshake signal modes.

DIG_Grp_Status  Returns a status word indicating the handshake status of the specified group.
DIG_In_Group Reads digital input data from the specified digital group.

DIG_Out_Group Writes digital output data to the specified digital group.

Use the following functions for digital I/O group operations on the NB-DIO-96, PCI-DIO-96, NB-DIO-24,
DAQCard-DIO-24, NB-PRL, Lab and 1200 series, and NB-DIO-32F:

DIG_Blk_Check Checks to see if the current buffered digital input or output operation is complete.
DIG_Blk_Clear Clears the current buffered digital input or output operation for the specified group.
DIG_Blk_Start Reads/writes a specified number of digital data patterns to/from a digital I/O group.

DIG_Scan_Setup Configures the specified group for port assignment, direction (input or output), and size
(NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series
only).
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Digital I/0 Application Hints

Nonlatched Digital I/0

All boards that support digital I/O can be used for nonlatched digital [/O. NI-DAQ for Macintosh expects
nonlatched digital I/O to be used by default. For this case, DIG_Prt_Config can be used to configure port
direction (input by default).

DIG_In_Port,DIG_In_Line, DIG_Out_Port,and DIG_Out_Line can be used to read from and write to
ports and individual lines.

Latched Digital I/0 with the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24,
NB-PRL, and Lab and 1200 Series

To use handshaking with the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200
series, you must call DIG_Prt_Config to configure a port for handshaking. For output handshaking, you may
execute DIG_Prt_Status to see that if port is ready for output before DIG_Out_Port is executed. For input
handshaking, you must execute DIG_Prt_Status to see if the port has data to be read before DIG_In_Port is
executed. For handshaking, DIG_In_Line and DIG_Out_Line should not be used.

Latched Digital I/0 with the NB-DIO-32F

To use handshaking with the NB-DIO-32F, use only the group functions. These functions can perform handshaking
of 8, 16, or 32 bits at a time. You must use DIG_Grp_Config to enable handshaking and to configure
handshaking group size and direction. You may execute DIG_Grp_Mode to specify handshaking modes other than
the default handshaking mode. For output handshaking, you must execute DIG_Grp_Status and indicate that the
group is ready for output before DIG_Out_Group is executed. For input handshaking, you must call
DIG_Grp_Status and indicate that the port has data to be read before DIG_In_Group is executed.

DIG_Grp_Config
(dir=0)

\I/

C DIG_Grp_Mode )

4

DIG_Grp_sStatus

NO

7

( DIG_In_Group )

Figure 5-1. Flowchart for Latched Digital Group Input
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DIG_Grp_Config
(dir=1)

\I/

C DIG_Grp_Mode )

34

DIG_Grp_sStatus

NO

Z

( DIG_Out_Group )

Figure 5-2. Flowchart for Latched Digital Group Output

Buffered Digital I/O with the NB-DI0-96, PCI-DI0O-96, NB-DIO-24, DAQCard-DIO-24,
NB-PRL, and Lab and 1200 Series

DIG_Blk_Start and DIG_Blk_Check perform buffered digital I/O operations to transfer a block of digital
values between a group of digital ports and a user buffer. DIG_Scan_Setup must be executed to assign ports to a
group and to configure the direction of the group. DIG_Blk_Start initiates the buffered digital I/O operation,
and DIG_B1lk_Check returns the completion status of the buffered digital I/O process. DIG_Blk_Start
performs both input and output operations. If the group is configured for output, a user-defined buffer of data is
passed to DIG_B1lk_Start to output. If the group is configured for input, a user-defined buffer is passed to
DIG_Blk_Start to be filled with input data. DIG_B1lk_Start returns immediately after initiating the buffered
digital transfer. DIG_B1lk_Check returns the completion status of the operation. If a digital output transfer is
initiated by DIG_B1lk_Start, then the transfer is complete when DIG_B1k_Check returns status = 1. If a
digital input transfer is initiated by DIG_B1k_Start, then the data is available in the user-defined buffer specified
inDIG_Blk_Start when DIG_Blk_Check returns with status = 1. You should execute DIG_Blk_Clear
when the buffered digital I/O operation is complete. When you use block function calls on these digital boards, you
must use external handshaking signals for any buffered digital I/O operations.

Buffered Digital I/O with the NB-DIO-32F

DIG_Blk_Start and DIG_Blk_Check perform buffered digital I/O operations to transfer a block of digital
values between a group of digital ports and a user buffer. DIG_Grp_Config must be executed to assign ports to a
group and to configure the direction of the group. DIG_B1lk_Start initiates the buffered digital I/O operation,
and DIG_B1lk_Check returns the completion status of the buffered digital I/O process. DIG_Blk_Start
performs both input and output operations. If the group is configured for output, a user-defined buffer of data is
passed to DIG_B1lk_Start to output. If the group is configured for input, a user-defined buffer is passed to
DIG_Blk_Start to be filled with input data. DIG_Blk_Start returns immediately after initiating the buffered
digital transfer. DIG_B1lk_Check returns the completion status of the operation. If a digital output transfer is
initiated by DIG_B1lk_Start, then the transfer is complete when DIG_B1k_Check returns status = 1. If a
digital input transfer is initiated by DIG_B1lk_Start, then the data is available in the user-defined buffer specified
inDIG_Blk_Start when DIG_Blk_Check returns with status = 1. You should execute DIG_Blk_Clear
when the buffered digital I/O operation is complete.
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Normally, buffered digital I/O uses external handshaking signals to control the rate of input or output. If a

DMA is present in the system, timed buffered digital I/O can be implemented by supplying timebase and interval
values when executing DIG_B1lk_Start. This interval specifies the amount of time to elapse between subsequent
reads/writes for a digital group. External handshaking signals should not be used with timed buffered digital I/O
operations. Only the NB-DIO-32F supports timed buffered digital I/O.

Example applications that perform buffered digital I/O are included on your NI-DAQ for Macintosh diskettes (see
Chapter 11, NI-DAQ for Macintosh Examples).

DIG_BIk_Check

Function
Checks to see if the current buffered digital input or output operation is complete (NB-DIO-96, PCI-DIO-96,
NB-DIO-32F, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series only).

Synopsis

CSyntax locus i32 DIG_Blk_Check (u32 deviceNumber, u32 group, ulé *status);

Pascal Syntax function DIG_Blk_Check (deviceNumber : i32; group : i132; var status
: ile) : 132;

BASIC Syntax | FN DIG_Blk_Check (deviceNumber&, group&, statusé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

status indicates whether the current buffered digital input or output for this group is complete.
1: digital input or output is complete.
0: digital input or output is not yet complete.

If a digital output transfer is initiated by DIG_B1lk_Start, then the output transfer is complete when
DIG_Blk_Check returns status = 1.

If a digital input transfer is initiated by DIG_B1lk_Start, then the data is available in the buffer specified in
DIG_Blk_Start when DIG_Blk_Check returns with status = 1.

DIG_BIk_Clear

Function
Clears the current buffered digital input or output operation for the specified group (NB-DIO-96, PCI-DIO-96,
NB-DIO-32F, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series only).
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Synopsis

CSyntax locus i32 DIG_Blk_Clear (u32 deviceNumber, u32 group);

Pascal Syntax function DIG_Blk_Clear (deviceNumber : i32; group : 1i32) : 1i32;

BASIC Syntax | FN DIG_Blk_Clear (deviceNumber&, groupé&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

DIG_BIk_Start

Function
Reads/writes a specified number of digital data patterns to/from a digital I/O group (NB-DIO-96, PCI-DIO-96,
NB-DIO-32F, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series only).

Synopsis

CSyntaX locus 132 DIG_Blk_Start (u32 deviceNumber, u32 group, u32 direction,
u8 *buffer, u32 count, u32 interval, u32 timebase);

Pascal Syntax function DIG_Blk_sStart (deviceNumber : i32; group : 132; direction
: 132; buffer : pil6; count : 132; interval : 1i32;
timebase : 132) : 1i32;

BASIC Syntax FN DIG_Blk_Start (deviceNumberé&, groupé&, direction&, buffer&, countg,
intervalé&, timebase&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

direction selects the direction of the digital transfer.
0: data is to be input.
1: data is to be output.

buffer is an array to be used for the digital transfer. If the group is configured for input, then buffer is an array
to be filled with digital data patterns. If the group is configured for output, then buffer is an array of digital data
patterns to be output. Each element of buffer corresponds to an 8-bit value, 16-bit value (NB-DIO-32F only),
or 32-bit value (NB-DIO-32F only)-depending on the group size—and is mapped to the digital lines.

For the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series, the elements
of buffer are sequentially mapped to the digital ports making up the group. For example, if the portList
specified in the DIG_Scan_Setup call uses 0, 4, 1, the first data value maps to Port 0, the second data value
maps to Port 4, the third data value maps to Port 1, and so on.

For the NB-DIO-32F, the elements of buffer are sequentially mapped to the digital ports making up the group
in the following way:

»  If the group contains one port, the low-order eight bits of the pattern are written to or read from that port.
For DMA input or output, such as required for timed buffered digital I/O (interval > 0), only Port O can be
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contained in the group if an NB-DMA-8-G is used. If an NB-DMA2800 is used, either Port O or Port 2 can
be contained in the group.

» If the group contains two ports, the low-order 16 bits of the pattern are written to or read from the ports. If
the group contains Ports 0 and 1, the low-order eight bits map to Port 1, and the next eight bits map to
Port 0. If the group contains Ports 2 and 3, the low-order eight bits map to Port 3, and the next eight bits
map to Port 2. The two ports are written to simultaneously. For DMA input or output, such as required for
timed buffered digital I/O (interval > 0), only Ports 0 and 1 can be contained in the group if an
NB-DMA-8-G is used. If an NB-DMA?2800 is used, either Ports 0 and 1 or Ports 2 and 3 can be contained
in the group.

»  If the group contains four ports, all 32 bits of the pattern are written to the ports. The least significant eight
bits map to Port 3, the next 8 bits map to Port 2, the next eight bits map to Port 1, and the most significant
bits map to Port 0. The four ports are written to or read from simultaneously.

Pascal Note: If the group size is 8-bit or 16-bit, buffer must be a pointer to an integer array (buffer
~integer). For 8-bit groups, each 8-bit pattern occupies 16 bits in the array. If the
group size is 32 bits, then buffer must be a pointer to a longint (buffer : “longint).
DIG_Blk_Check unpacks and aligns the data returned by NI-DAQ for Macintosh.

count is the number of bytes to be written to or read from buffer.
Range: 232-1 for interrupts.
224-1 for DMA.

interval is the amount of time to elapse between each digital transfer, thereby permitting timed input or output.
Timed interval updating is used only with the NB-DIO-32F.
Range: 0 for external handshaking; 2 through 65,535 for timed input or output.

To perform timed digital I/O, set interval to a non-zero value. You also must have an NB-DMA-8-G or
NB-DMAZ2800 in the system to supply counter/timers to control timed digital [/O. External handshaking
interval =0 does not require an NB-DMA-8-G or NB-DMA2800.

The interval is a function of the timebase resolution. The actual interval is calculated as follows:
interval * (timebase resolution)

where the timebase resolution for each value of timebase is given in the timebase discussion that follows. For
example, if interval = 25 and timebase = 2, then the output interval is 25 * 10 ps = 250 ps.

timebase selects resolution to be used for the interval counter. The timebase parameter has the following
possible values:

: 1-MHz clock used as timebase (1-us resolution).
100-kHz clock used as timebase (10-us resolution).
10-kHz clock used as timebase (100-us resolution).
1-kHz clock used as timebase (1-ms resolution).
100-Hz clock used as timebase (10-ms resolution).
SOURCEI] used as timebase.

SOURCE?2 used as timebase.

SOURCE3 used as timebase.

SOURCE#4 used as timebase.

10: SOURCES used as timebase.

SOURCEI!1 through SOURCES are timing signals available on the NB-DMA-8-G and NB-DMAZ2800. See the
description of NB-DMA-8-G and NB-DMA?2800 counters and timers in Chapter 8, Counter/Timer Functions,
for more information about these signals. If the interval is to be externally controlled by the handshaking
signals of the group (interval = 0), then the timebase parameter is ignored and can be any value.

VRN H DN

DIG_Blk_Start initiates reading or writing of digital group data patterns sequentially from/to the group on
the specified board and returns immediately. DIG_B1lk_Check should be called to determine when the
transfer completes. If a digital output transfer is initiated by DIG_B1lk_Start, then the transfer is complete
when DIG_B1lk_Check returns status = 1. If a digital input transfer is initiated by DIG_B1lk_Start, then
the data is available in buffer when DIG_B1k_Check returns with status = 1. All ports in this group are
updated/read simultaneously for each pattern in the array. If the specified group has not been configured for the
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appropriate direction of transfer, the operation is not performed and an error is returned. If no ports have been
assigned to the specified group, the operation is not performed and an error is returned. For the NB-DIO-32F,
DIG_Grp_Config must be executed to assign ports to a group and to configure the group for the appropriate
direction of transfer. For the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and
1200 series, DIG_Scan_Setup must be executed to assign ports to a group and to configure the group for the
appropriate direction of transfer.

Note: You cannot use boards equipped with the 8255 PPI (NB-DI0O-24, DAQCard-DIO-24, NB-PRL, Lab
and 1200 series, and NB-DIO-96) in non-latched or no-handshaking mode for block transfers.

DIG_Grp_Config

Function
Configures the specified group for port assignment, direction (input or output), and size (NB-DIO-32F only).

Synopsis

(:Synun( locus i32 DIG_Grp_Config(u32 deviceNumber, u32 group, u32 groupSize,
u32 port, u32 direction);

Pascal Syntax function DIG_Grp_Config(deviceNumber : 1i32; group : i32; groupSize
: 132; port : i32; direction : 132) : i32;

BASIC Syntax | FN DIG_Grp_Config(deviceNumber&, group&, groupSize&, porté,
directioné&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the group to be configured.
Range: 0 through n-1, where n is the number of groups supported by the board.

groupSize selects the size of the group. The following values are permitted for groupSize:
0: O ports assigned — unassign any previously assigned ports.
1: 1 port assigned (8-bit group).
2: 2 ports assigned (16-bit group).
4: 4 ports assigned (32-bit group).

port selects the digital I/O ports assigned to the group. The value of port depends on the value of groupSize:
If groupSize =1 port =0 assigns Port O to the group.
port = 1 assigns Port 1 to the group.
port = 2 assigns Port 2 to the group.
port = 3 assigns Port 3 to the group.

If groupSize =2 port =0 assigns Ports 0 and 1 to the group.
port = 2 assigns Ports 2 and 3 to the group.
If groupSize =4 port = 0 assigns Ports 0, 1, 2 and 3 to the group.

direction selects the direction, input or output, for which the group is to be configured.
0: group is configured as an input group (default).
1: group is configured as an output group.

DIG_Grp_Config configures the specified group according to the specified port assignment and direction. If

groupSize is 0, any ports assigned to the group are released from the group and the group handshake circuitry is
cleared. If groupSize is 1, 2, or 4, then the specified ports are assigned to the group and are configured for the
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specified direction. Ports assigned to a group are subsequently written to or read from as a group using the
DIG_In_Group and DIG_Out_Group functions. Any ports assigned to a group can no longer be accessed
through any of the non-group calls listed previously in this description.

After system startup, no ports are assigned to groups.

See the NB-DIO-32F User Manual for group handshake timing.

DIG_Grp_Mode

Function
Configures the group handshake signal modes (NB-DIO-32F only).
Synopsis
C Syntax locus i32 DIG_Grp_Mode (u32 deviceNumber, u32 group, u32

pulseOrLevel, u32 edge, u32 requestPolarity, u32
acknowledgePolarity, u32 settlingTime);

Pascal Syntax function DIG_Grp_Mode (deviceNumber : i32; group : i32;
pulseOrLevel : i32; edge : 1i32; requestPolarity : 1i32;
acknowledgePolarity : 1i32; settlingTime : 132) : i32;

BASIC Syntax | FN DIG_Grp_Mode (deviceNumber&, group&, pulseOrLevelg, edges,
requestPolarityé&, acknowledgePolarityé&, settlingTime&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the group to be configured for particular handshake modes.
Range: 0 through n-1, where n is the number of groups on the board.

pulseOrLevel indicates whether the group is to be configured for level or pulsed (edge-triggered) handshake
signals.

0: group is configured for level handshake signals.

1: group is configured for pulsed handshake signals.

edge indicates whether the group is to be configured for rising edge or falling edge pulsed signals. edge is valid
only if pulseOrLevel is 1.

0: group is configured for rising (low-to-high) edge pulsed handshake signals.

1: group is configured for falling (high-to-low) edge pulsed handshake signals.

requestPolarityindicates whether the group request signal is to be active high or active low.
0: group is configured for active high (noninverted) request handshake signal polarity.
1: group is configured for active low (inverted) request handshake signal polarity.

acknowledgePolarity indicates whether the group acknowledge handshake signal is to be active high or active
low.

0: group is configured for active high (noninverted) acknowledge handshake signal polarity.

1: group is configured for active low (inverted) acknowledge handshake signal polarity.

settlingTime selects the data settling time for the group. The value of settlingTime is the number of 100-ns
intervals allowed for data settling.

Range: 0 through 7.

0: no settling time.

7:  700-ns settling time.
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DIG_Grp_Mode configures the group handshake signals according to the specified port assignment and
direction. After system startup, the default handshake mode for each group is as follows:
pulseOrLevel = 0: level handshake signals.
edge = 0: edge parameter not valid because pulseOrLevel = 0.
requestPolarity = 0: request handshake signal is not inverted (active high).
acknowledgePolarity = 0: acknowledge handshake signal is not inverted (active high).
settlingTime = 0: no settling time.

DIG_Grp_Mode needs to be called only if different handshake modes are required. Refer to the NB-DIO-32F
User Manual for handshake timing and mode information.

DIG_Grp_Status

Function
Returns a status word indicating the handshake state of the specified group (NB-DIO-32F only).

Synopsis

CSyntax locus 132 DIG_Grp_Status(u32 deviceNumber, u32 group, ulé *status);

Pascal Syntax function DIG_Grp_Status (deviceNumber : i32; group : 132; var
status : il6) : 1i32;

BASIC Syntax | FN DIG_Grp_Status (deviceNumber&, group&, statusé&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

status returns the handshake status of the group. The significance of status depends on the configuration of the
group. If the group is configured as an input group, status = 1 indicates that data has been latched into the ports
making up that group. If the group is configured as an output group, status = 1 indicates that an external device
has latched the output of the ports making up the group and that new data can be written to the group.

DIG_Grp_Status reads the handshake status of the specified group, and returns an indication of the group
status in status. DIG_Grp_Status, along with DIG_Out_Group and DIG_In_Group, facilitates
handshaking of digital data between systems. If the specified group is configured as an input group and
DIG_Grp_Status returns status = 1, then DIG_In_Group can executed to retrieve the data an external
device has latched in. If the specified group is configured as an output group and DIG_Grp_Status returns
status = 1, then DIG_Out_Group can be called to write the next piece of data to the external device. If the
specified group is not assigned any ports, then an error code and status = 0 are returned.

DIG_Grp_Config must be called to assign ports to a group and to configure a group for data direction.
Group configuration is discussed in the DIG_Grp_Config description earlier in this chapter.

The state of status corresponds to the NB-DIO-32F DRDY bit and signal. Refer to the NB-DIO-32F User
Manual for handshake timing details.
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DIG_In_Group

Function
Reads digital input data from the specified digital group (NB-DIO-32F only).

Synopsis

ocus 1 DIG_In_Group (u eviceNumber, u group, u pattern);
CSyntaX 1 i32 (u32 devi b 32 32 * )

Pascal Syntax function DIG_In_Group (deviceNumber : i32; group : 132; var pattern
: 132) : 132;

BASIC Syntax | FN DIG_In_Group (deviceNumber&, group&, pattern&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

pattern returns the digital data read from the ports in the specified group.
Range: 0 through 255 for group size = 1.
0 through 65,535 for group size = 2.
0 through 232-1 for group size = 4.

pattern is an 8-bit, 16-bit, or 32-bit value, depending on the group size, and is mapped to the digital input lines.
The pattern is mapped as follows to the digital input ports that make up the group:

» If the group contains one port, the eight bits read from that port are returned in the low-order eight bits of
pattern.

»  If the group contains two ports, the 16 bits read from the ports are returned in the low-order 16 bits of
pattern. If the group contains Ports 0 and 1, the value read from Port 1 is returned in the low-order eight
bits and the value read from Port O is returned in the next eight bits. If the group contains Ports 2 and 3, the
value read from Port 3 is returned in the low-order eight bits and the value read from Port 2 is returned in
the next eight bits. The two ports are read from simultaneously.

» If the group contains all four ports, all 32 bits read from the ports are returned in pattern. The least
significant eight bits are read from Port 3, the next eight bits are read from Port 2, the next eight bits are
read from Port 1, and the most significant eight bits are read from Port 0. The four ports are read from
simultaneously.

Note: The MOST significant bits are read from the LOWEST numbered port, and the LEAST significant bits are
read from the HIGHEST numbered port.

DIG_In_Group returns the digital data from the group on the specified board. All ports making up the group
are read simultaneously. If the group is configured as an input group, reading that group returns the digital logic
state of the lines of the ports in the group as some external device is driving them. If the group is configured as
an output group and has read-back capability, reading the group returns the output state of that group. If no
ports have been assigned to the group, the operation is not performed and an error code is returned.
DIG_Grp_Config must be called to assign ports to a group and to configure the group as an input or output
group.
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DIG_In_Line

Function
Returns the digital logic state of the specified digital input line in the specified port.

Synopsis

C Syntax locus i32 DIG_In_Line(u32 deviceNumber, u32 port, u32 line, ulé
*state);

Pascal Syntax function DIG_In_Line (deviceNumber : 1i32; port : 1i32; line : 1i32;
var state : il6) : i32;

BASIC Syntax | FN DIG_In_Line (deviceNumber&, port&, line&, states)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

line is the digital line to be read.
Range: 0 through k-1, where £ is the number of digital I/O lines making up the port.

state returns the digital logic state of the specified line.
1: digital line is at a digital logic low.
0: digital line is at a digital logic high.

DIG_In_Line returns the digital logic state of the specified digital line in the specified port. If the specified
port is configured as an input port, the state of the specified line is determined by how some external device is
driving it. If the port is configured as an output port and the port has read-back capability, the state of the line is
determined by how that port itself is driving it.

Note: DIG_Prt_Confiqg must be called to configure a digital 1/0 port as an input or output port.

DIG_In_Port

Function
Reads digital input data from the specified digital port.

Synopsis

ntax locus i32 DIG_In_Port (u32 deviceNumber, u32 port, u8 *pattern);
ynta

Pascal Syntax function DIG_In_Port (deviceNumber : i32; port : i32; var pattern :
ile) : i32;

BASIC Syntax | FN DIG_In_Port (deviceNumber&, porté&, pattern&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.
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port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

pattern is the digital data to be written to the specified port.
Range: 0 through 255.

pattern returns the 8-bit value that is mapped from the digital output lines making up the port such that bit 0,
the least significant bit, corresponds to digital input line 0. If the port is less than eight bits wide, only the high-
order bits in pattern are set to 0. For example, since ports 0 and 1 on the NB-MIO-16 and NB-MIO-16X are
four bits wide, only bits 0 through 3 of pattern reflect the digital state of these ports.

DIG_In_Port reads the digital data from the port on the specified board. If the port is configured as an input
port, reading that port returns the digital logic state of the lines as some external device is driving them. If the
port is configured as an output port and has read-back capability, reading the port returns the output state of that
port.

Note: DIG_Prt_Confiqg must be called to configure a digital 1/0 port as an input or output port.

DIG_Line_Config

Function
Configures the specified line in the specified port for the direction (input or output) selected.

Synopsis

C Syntax locus i32 DIG_Line_Config(u32 deviceNumber, u32 port, u32 line, u32
direction);

Pascal Syntax function DIG_Line_Config(deviceNumber : i32; port : i32; line :
i132; direction : 132) : 1i32;

BASIC Syntax | FN DIG_Line_Config(deviceNumber&, porté, line&, directiong)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

line is the digital line to be configured.
Range: 0 through k-1, where k& is the number of digital I/O lines making up the port.

direction indicates the direction, input or output, to configure the line.
0: line is an input line (default).
1: line is an output line.

With DIG_Line_Config, a port can have any combination of input and output lines. Use
DIG_Prt_Config to set all lines on the port to be either all input or all output lines.
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DIG_Out_Group

Function
Writes digital output data to the specified digital group (NB-DIO-32F only).

Synopsis

CSyntax locus i32 DIG_Out_Group (u32 deviceNumber, u32 group, u32 pattern);

Pascal Syntax function DIG_Out_Group (deviceNumber : 132; group : 1i32; pattern :
i32) : 132;

BASIC Syntax | FN DIG_Out_Group (deviceNumber&, groupé&, patterné&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

pattern is the digital data to be written to the specified port.
Range: 0 through 255 for group size = 1.
0 through 65,535 for group size = 2.
0 through 232-1 for group size = 4.

pattern is an 8-bit, 16-bit, or 32-bit value, depending on the group size, and is mapped to the digital output
lines. The pattern is mapped as follows to the digital output ports that make up the group:

» If the group contains one port, the low-order eight bits of pattern are written to that port.

* If the group contains two ports, the low-order 16 bits of pattern are written to the ports. If the group
contains Ports 0 and 1, the low-order eight bits are written to Port 1 and the next eight bits are written to
Port 0. If the group contains Ports 2 and 3, the low-order eight bits are written to Port 3 and the next eight
bits are written to Port 2. The two ports are written to simultaneously.

» If the group contains all four ports, all 32 bits of pattern are written to the ports. The least significant eight
bits are written to Port 3, the next eight bits are written to Port 2, the next eight bits are written to Port 1,
and the most significant eight bits are written to Port 0. The four ports are written to simultaneously.

Note: The MOST significant bits are written to the LOWEST numbered port, and the LEAST significant bits
are written to the HIGHEST numbered port.

DIG_Out_Group writes the specified digital group data to the group on the specified board. All ports in the
group are updated simultaneously. If the specified group has not been configured as an output group, the

operation is not performed and an error is returned. If no ports have been assigned to the specified group, the
operation is not performed and an error is returned. DIG_Grp_Config must be called to configure a group.
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DIG_Out_Line

Function

Sets or clears the specified digital output line in the specified digital port.

Synopsis

Chapter 5

C Syntax locus 132 DIG_Out_Line (u32 deviceNumber, u32 port, u32 line, u32
state);

Pascal Syntax function DIG_Out_Line (deviceNumber : i32; port : i32; line : 1i32;
state : i32) : i32;

BASIC Syntax | FN DIG_Out_Line (deviceNumber&, porté&, line&, states)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

line is the digital output line to be written to.
Range: 0 through k-1, where k is the number of digital I/O lines making up the port.

state is the digital state to set the line to.
0: digital line is set to a digital logic low.
1: digital line is set to a digital logic high.

DIG_Out_Line sets the digital line in the specified port to the specified state. The remaining digital output
lines making up the port are not affected by this call. If the port has not been configured as an output port, the
operation is not performed and an error is returned. DIG_Prt_Config must be called to configure a digital
I/O port as an output port.

DIG_Out_Port

Function

Writes digital output data to the specified digital port.

Synopsis

C Syntax locus i32 DIG_Out_Port (u32 deviceNumber,

u32 port, u32 pattern);

Pascal Syntax function DIG_Out_Port (deviceNumber
i32) : 132;

i32; port : i32; pattern

BASIC Syntax | FN DIG_Out_Port (deviceNumberg,

patterng)

Description
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deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.
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port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

pattern is the digital data to be written to the specified port.
Range: 0 through 255.

pattern is the 8-bit value that is mapped to the digital output lines making up the port such that bit O, the least
significant bit, corresponds to digital output line 0. If the port is less than eight bits wide, only the low-order
bits in pattern affect the port. For example, since Ports 0 and 1 on the NB-MIO-16 and NB-MIO-16X are four
bits wide, only bits O through 3 of pattern affect the digital output state of these ports.

DIG_Out_Port writes the specified digital data to the port on the specified board. If the specified port has
not been configured as an output port, the operation is not performed and an error is returned.
DIG_Prt_Config must be called to configure a digital I/O port as an output port.

DIG_Prt_Config

Function
Configures the specified port for direction (input or output) and handshake mode.

Synopsis

CSyntaX locus 132 DIG_Prt_Config(u32 deviceNumber, u32 port, u32 direction,
u32 mode) ;

Pascal Syntax function DIG_Prt_Config(deviceNumber : i32; port : i32; direction
: 132; mode : i32) : 1i32;

BASIC Syntax | FN DIG_Prt_Config(deviceNumbers, porté&, directiong, mode&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

direction selects the direction, input or output, for which the port is to be configured.
0: port is configured as an input port (default).
1: port is configured as an output port.

mode selects the handshake mode that the port is to be configured to use.

0: port is configured for no-handshaking (nonlatched) mode.

1: port is configured for handshaking (latched) mode. mode = 1 is valid only for Ports 0, 1, 3,4, 6,7, 9,
and 10 of the NB-DIO-96 and PCI-DIO-96, or for Ports 0 and 1 of the NB-DIO-24, DAQCard-DIO-24,
NB-PRL, Lab and 1200 series. mode = 0 must be used for all other ports and boards that do not permit
handshaking. The NB-DIO-32F utilizes handshaking, but only through the group calls (see
DIG_Grp_Config).

DIG_Prt_Config configures the specified port according to the specified direction and handshake mode.
Any configuration that is invalid for the specified port returns an error, and the port configuration is not
changed. Information about the valid configuration of any digital I/O port is given at the beginning of this
chapter.

DIG_Prt_Config returns an error if the specified port has been assigned to a group.
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After system startup, all digital I/O ports are configured as follows:

direction = 0: input port
mode = 0: no-handshaking mode

Additionally, ports on the NB-DIO-32F are not assigned to any group. If this is not the digital I/O configuration
you want, you must call DIG_Prt_Config to change the port configuration. You must call
DIG_Grp_Config to use handshaking modes on the NB-DIO-32F.

DIG_Prt_Status

Function
Returns the handshake state of the port (NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL,
Lab and 1200 series only).

Synopsis

CSyntax locus i32 DIG_Prt_Status(u32 deviceNumber, u32 port, ulé *status);

Pascal Syntax function DIG_Prt_Status (deviceNumber : i32; port : i32; var status
ile) : 1i32;

BASIC Syntax | FN DIG_Prt_Status (deviceNumber&, porté&, statusé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

status returns the handshake status of the port. status is either 1 or 0. The significance of status depends on
the port configuration. If the port is configured to be an input port, status = 1 indicates that data has been
latched into the port. If the port is configured to be an output port, status = 1 indicates that an external device
has latched the port output and new data can be written to the port.

DIG_Prt_Status reads the handshake status of the specified port and returns the port status in status.
DIG_Prt_Status, along with DIG_Out_Port and DIG_In_Port, facilitates handshaking of digital data
between systems. If the specified port is configured as an input port, DIG_Prt_Status indicates when to
call DIG_In_Port to fetch the data that an external device has latched in. If the specified port is configured
as an output port, DIG_Prt_Status indicates when to call DIG_Out_Port to write the next piece of data
to the external device. If the specified port is not configured for handshaking, an error code and status = 0 are
returned.

Refer to the user manual for each board for handshake timing information. If the port is configured for input
handshaking, status corresponds to the state of the IBF bit. If the port is configured for output handshaking,
status corresponds to the state of the OBF* bit. These bits and how they correspond to handshaking events are
covered in the user manual for each board.

Note: DIG_Prt_Config must be called to configure a port for data direction and handshaking
operation.
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DIG_Scan_Setup

Function
Configures the specified group for port assignment, direction (input or output), and size (NB-DIO-96,
PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series only).

Synopsis

C Syntax locus i32 DIG_Scan_Setup(u32 deviceNumber, u32 group, u32 groupSize,
ul6é *portList, u32 direction);

Pascal Syntax function DIG_Scan_Setup (deviceNumber : 132; group : i32; groupSize
: 1i32; portList : pil6; direction : i32) : 132;

BASIC Syntax | FN DIG_Scan_Setup (deviceNumber&, group&, groupSize&, portLists,
directioné&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

group is the group to be configured.
Range: 0 through 1 for the NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series.
0 through 7 for the NB-DIO-96 and PCI-DIO-96.

groupSize selects the number of 8-bit ports in the group.
Range: 0 through 2 for the NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series.
0 through 8 for the NB-DIO-96 and PCI-DIO-96.
Note: 0 is to unassign any ports previously assigned to group.

portList is the list of ports in group. The order of the ports in the list determines how data is interleaved in the
user's buffer when DIG_B1k_Start is called. The last port in the list determines the port whose handshaking
signal lines are used to communicate with the external device and to generate hardware interrupts.
Range: 0 or 1 for the NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series.
0,1,3,4,6,7,9, or 10 for the NB-DIO-96 and PCI-DIO-96.

direction selects the direction, input or output, to which the group is to be configured.
0: group is configured as an input group (default).
1: group is configured as an output group.

DIG_Scan_Setup configures the specified group to contain the specified ports with the specified assignment
and direction. If groupSize is 0, any ports previously assigned to group are released. Any configurations not
supported by or invalid for the specified group return an error, and the group configuration is not changed.
Ports assigned to a group are subsequently written to or read from as a group using DIG_Blk_Start. Any
ports assigned to a group can no longer be accessed through any of the non-group calls listed previously.

Because each port on the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200
series has its own handshaking circuitry, extra wiring may be necessary to make data transfer of a group with
more than one port reliable. If the group has only one port, no extra wiring is needed.

Each input port has a different Strobe Input (STB*) control signal.
PC4 on the I/O connector is for Port 0.
PC2 on the I/O connector is for Port 1.

Each input port also has a different Input Buffer Full (IBF) control signal.

PCS5 on the I/O connector is for Port 0.
PC1 on the I/O connector is for Port 1.
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Each output port has a different Output Buffer Full (OBF*) control signal.
PC7 on the I/O connector is for Port 0.
PC1 on the I/O connector is for Port 1.

Each output port also has a different Acknowledge Input (ACK*) control signal.
PC6 on the I/O connector is for Port 0.
PC2 on the I/O connector is for Port 1.

On the NB-DIO-96 and PCI-DIO-96 I/O connector, 4 different sets of PC pins can be found. They are APC,
BPC, CPC, and DPC. APC pins correspond to Port 0 and Port 1, BPC pins correspond to Port 3 and Port 4,
CPC pins correspond to Port 6 and Port 7, and DPC pins correspond to Port 9 and Port 10. For example, CPC7
is the Output Buffer Full (OBF) control signal for Port 6 and CPC1 is the OBF signal for Port 7 if both ports are
configured as handshaking output ports.

If a group of ports is configured for input, you need to connect all the corresponding Strobe Input (STB) lines
together and connect them to the appropriate handshaking signal of the external device. Only the Input Buffer
Full (IBF) of the last port in portList should be connected to the external device. No connection is needed for
the IBF of the other port(s) in portList.

STB*|l—
Port x
IBH-
STB*|-f—e
Portx »
IBH~
[
[ )
L)
ES
STB* |- External Device
Portx ,
IBH _
(last port in portList)

Figure 5-3. Digital Scanning Input Group Handshaking Connections

If a group of ports is configured as output, you should not make any connection on the control signals except
those for the last port in portList. You should make the connection with the external device as if only the last
port in portList is in the group. No connection is needed for any other port in the list.
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ACK*f——
Port x
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ACK* p——
Portx »
OBF#*——
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Portx ,
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(last port in portList)

Figure 5-4. Digital Scanning Output Group Handshaking Connections

For NB-DIO-24, DAQCard-DIO-24, and NB-PRL users, the correct W1 jumper setting is required to allow
DIG_Blk_Start to function properly. As long as Port O is not configured as a handshaking output port, the
jumper should be set to PC6; otherwise, the jumper should be set to PC4.
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Chapter 6
Data Acquisition Functions

This chapter explains the functions used for performing data acquisition operations. Single-channel acquisition,
multiple-channel scan acquisition, interval scanning, pretrigger mode, posttrigger mode, double-buffered mode, and
AMUX-64T multiplexer mode are all documented. These Data Acquisition functions are used with the National
Instruments boards for the Macintosh. There are three sets of functions described: the Single-Buffered Data
Acquisition functions (DAQ and SCAN), the Double-Buffered Data Acquisition functions (DAQ2), and the Multiple-
Channel Data Acquisition functions (MDAQ).

The Single-Buffered Data Acquisition functions (DAQ, Lab_ISCAN, and SCAN) acquire a specified number of
samples from one or more channels and return the data when the acquisition is complete.

The Double-Buffered Data Acquisition functions (DAQ2) can acquire samples from one or more channels into a
circular buffer. With double-buffering, data can be retrieved from an acquisition in progress without interrupting the
acquisition. Data can be collected continuously using a fixed amount of memory.

The Multiple-Channel Data Acquisition functions (MDAQ) retrieve multiple frames of data from one or more
channels. Each frame is associated with a trigger and can contain both pre-trigger and post-trigger information.
With the MDAQ functions, data can be retrieved from an acquisition in progress without interrupting the acquisition.

See Appendix A to determine which function set works with your board.
Note:  If you are using analog input SCXI modules, you need to program the SCXI hardware first using the

SCXI functions in Chapter 7, SCXI Functions, before using the Data Acquisition functions in this
chapter.

Data Acquisition Hardware
Table 6-1 shows the data acquisition hardware characteristics.

Table 6-1. Hardware Characteristics

Device Analog Input Bits Gains Input Ranges
Channels
NB-MIO-16 0-15 (single-ended) | 12-bit 1, 10, 100, 500 (16L) 0 to 10 V (unipolar)
0-7 (differential) 1,2,4, 8 (16H) -5 to +5 V (bipolar)
-10to +10 V (bipolar)
NB-MIO-16X 0-15 (single-ended) | 16-bit 1, 10, 100, 500 (16XL) | 0 to 10 V (unipolar)
0-7 (differential) 1,2, 4, 8 (16XH) 0 to 5 V (unipolar)
-5 to +5 V (bipolar)
-10 to +10 V (bipolar)
PCI-MIO-16XE-50 | 0-15 (single-ended) | 16-bit 1,2, 10, 100 0 to 10 V (unipolar)
0-7 (differential) -10 to +10 V (bipolar)
DAQCard-500 0-7 (single-ended) 12-bit 1 No Hardware Jumpers
DAQCard-700 0-15 (single-ended) | 12-bit 1 No Hardware Jumpers
0-7 (differential)
PCI-1200 0-7 (single-ended) 12-bit 1, 2,5, 10, 20, 50, 100 | Oto 10 V (unipolar)
DAQCard-1200 0,2,4,6 -10 to +10 V (bipolar)
(differential)
Lab-NB, Lab-LC 0-7 (single-ended) 12-bit 1,2,5,10, 20,50, 100 | Oto 10 V (unipolar)
-5 to +5 V (bipolar)
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NB-MIO-16 and NB-MIO-16X Data Acquisition

The NB-MIO-16 and NB-MIO-16X analog input channels are multiplexed into a single software programmable gain
stage and 12-bit (NB-MIO-16) or 16-bit (NB-MIO-16X) ADC.

Data acquisition with the NB-MIO-16 or NB-MIO-16X is performed in two modes: single-channel data acquisition
and multiple-channel scan data acquisition. Single-channel data acquisition involves selecting a single analog input
multiplexer and gain setting. Multiple-channel scan data acquisition can be used to scan a set of analog input
channels, each with its own gain setting, in a round-robin mode. In this mode, a scan sequence is stored with a
specified analog channel and gain setting for each step in Mux-Gain Memory on the NB-MIO-16 or NB-MIO-16X.
The length of this scan sequence on the NB-MIO-16 can be 2, 4, 8, or 16. On the NB-MIO-16X, the length of the
scan sequence can be 1 through 16.

During scanning, the analog input circuitry is set to the next entry in the scan sequence and an A/D conversion is
performed once every sample interval. For maximum performance, this operation is pipelined so that the next
channel is switched to while the current A/D conversion is performed.

On the NB-MIO-16, only one sampling interval is used for multiple-channel scanning acquisitions. This interval is
the amount of time to elapse between each A/D conversion. When the end of the scan sequence is reached on the
NB-MIO-16, the sequence starts over again until the required number of samples have been acquired.

The NB-MIO-16X has additional timing capabilities for multiple-channel scanning acquisitions. Besides choosing a
sample interval (the time between samples from two different channels), you can also select a scan interval (the time
between samples on any one channel). During scanning on the NB-MIO-16X, an A/D conversion is performed once
every sample interval. When the end of the scan sequence is reached, the NB-MIO-16X waits for the remainder of
the scan interval before scanning the channels again. The channels are scanned repeatedly at the beginning of each
scan interval until the required number of samples have been acquired. Interval scanning has the advantage of
simulating simultaneous sampling of a group of channels once every scan interval. A comparison of the scan
interval and the sample interval is shown in Figure 6-1.

Interval scanning is also supported for the NB-MIO-16 in the following special case: If an SCXI_SCAN_Setup
call has been made to set up an SCXI scan that includes an SCXI-1140 module, then the SCAN_IntStart call is
able to implement interval scanning on the NB-MIO-16 as well as the NB-MIO-16X. In this special case, the
sample timebase and the scan timebase specified must be the same. In all other cases, however, interval scanning is
only available on the NB-MIO-16X.

SCXI modules can be used as a data acquisition front end for the NB-MIO-16 or the NB-MIO-16X to provide signal
conditioning for the input signals and channel multiplexing. The SCXI functions described in Chapter 7 set up the
SCXI modules for data acquisition operations to be performed by the NB-MIO-16 or NB-MIO-16X.

Sample Sample
Interval Interval
<+—> <+—>

/Channel 0

I —
/\ /\ Channel 1
~_ N

< >
Scan Intervals

>

Figure 6-1. NB-MIO-16X Interval Scanning
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NB-MIO-16 and NB-MIO-16X Data Acquisition Timing

Timing for data acquisition can be performed by the onboard counter/timers or can be performed externally. Data
acquisition timing involves the following timing signals:

Signal Name Description

Trigger An edge-triggered signal that initiates a data acquisition sequence. A trigger can be
supplied either externally through the I/O connector EXTTRIG* input on the
NB-MIO-16, the I/O connector STARTTRIG* input on the NB-MIO-16X or under
software control.

Conversion pulses Generate a pulse once every sample interval, causing an A/D conversion to be initiated.
This signal can be generated by the onboard programmable sample-interval clock
supplied by the counter/timer or can be supplied externally through the I/O connector
EXTCONV* input.

Note: In most cases, external conversion pulses should not be used in scanning
operations when SCXI is being used in multiplexed mode. The MIO-16 has
no way of masking conversions before the data acquisition begins, so any
conversion pulses that occur before the acquisition is triggered will advance
the SCXI channels, causing the data for the channels to be shifted in the

buffer.

Sample counter Counts the number of A/D conversions (samples) when conversion pulses are generated
by the onboard sample-interval counter, and shuts down the data acquisition timing
circuitry when the desired number of samples have been acquired.

Gate A level-triggered signal that, when low, holds off data acquisition timing. This signal
can be supplied externally through the I/O connector EXTGATE input on the
NB-MIO-16.

Timebase clock Supplies the timebase for the sample interval counter. Onboard selections of 1 MHz,

100 kHz, 10 kHz, 1 kHz, or 100 Hz are available. An external timebase clock can be
supplied through the I/O connector at the SOURCES input on the NB-MIO-16 and
NB-MIO-16X.

See the NB-MIO-16 User Manual or the NB-MI0O-16X User Manual for more information regarding these signals.

NB-MIO-16 Data Acquisition Rates

The maximum recommended data acquisition rates for both single-channel and multiple-channel data acquisition are
given below. These rates represent the fastest data conversion times that the board can achieve and still maintain
accuracy. The data acquisition rates given later in this chapter allow for settling to a 10 V input signal change
between conversions. It is possible to operate at faster speeds; however, accuracy may be compromised. Data
acquisition errors occur if the following sample rates are exceeded by a large amount.

Maximum recommended data acquisition rates on a single channel (any gain setting) for the NB-MIO-16 are given
in Table 6-2.

Table 6-2. Maximum Data Acquisition Rates for Single Channels on the NB-MIO-16

Board Typical Worst Case
NB-MIO-16(H/L)-25 45 kS/s 37 kS/s
NB-MIO-16(H/L)-15 71 kS/s 59 kS/s
NB-MIO-16(H/L)-9 100 kS/s 91 kS/s
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With multiple-channel scan data acquisition, extra time is required by the data acquisition circuitry for
gain/multiplexer settling due to channel switching. This required settling time depends on the gain setting used for
each channel. Also, this settling time limits data acquisition rates. The recommended settling time versus gain for
the NB-MIO-16 is given in Table 6-3.

Table 6-3. Recommended Settling Time Versus Gain for the NB-MIO-16

Gain Setting Recommended Settling Time
1,2,4,8 10 ps
10 20 us
100 40 ps
500 80 us

The maximum recommended data acquisition rates using multiple-channel scanning (gain dependent) for the
NB-MIO-16 are shown in Table 6-4.

Table 6-4. Maximum Data Acquisition Rates for Multiple Channels on the NB-MIO-16

Board Gain Typical Worst Case

NB-MIO-16(H/L)-25 1,2,4,8,10 45 kS/s 37 kS/s
100 25 kS/s
500 12.5 kS/s

NB-MIO-16(H/L)-15 1,2,4,8 71 kS/s 59 kS/s
10 50 kS/s
100 25 kS/s
500 12.5kS/s

NB-MIO-16(H/L)-9 1,2,4,8 100 kS/s 91 kS/s
10 50 kS/s
100 25 kS/s
500 12.5kS/s

If you are using SCXI with your DAQ board, refer to the SCXI Data Acquisition Rates section for the effect of SCXI
module settling time on your DAQ board rates.

NB-MIO-16X Data Acquisition Rates

The maximum recommended data acquisition rates for both single-channel and multiple-channel data acquisition
represent the fastest data throughput that the board is able to achieve and still maintain accuracy. The data
acquisition rates given below allow for settling to a 10 V input signal change between conversions. It may be
possible to operate at faster speeds; however, accuracy may be compromised. Data acquisition errors occur if the
sample rates are exceeded by a large amount.

Maximum recommended data acquisition rates on a single channel (any gain setting) for the NB-MIO-16X are given
in Table 6-5.
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Table 6-5. Maximum Data Acquisition Rates for Single Channels on the NB-MIO-16X

Board Acquisition Rate
NB-MIO-16X(H/L)-42 23.8 kS/s
NB-MIO-16X(H/L)-18 55.6 kS/s

With multiple-channel scan data acquisition, extra time is required by the data acquisition circuitry to allow for
gain/multiplexer settling due to channel switching. This required settling time depends on the gain setting used for
each channel. Also, this settling time limits data acquisition rates.

The recommended settling time versus gain for the NB-MIO-16X is given in Table 6-6.

Table 6-6. Recommended Settling Time Versus Gain for the NB-MIO-16X

Gain Setting Accuracy

0.01% 0.005% 0.5LSB
1,2,4,8, 10 30 us 50 us 200 us
100 50 ps 50 ps 500 ps
500 50 ps 100 ps 500 ps

The maximum data acquisition rates for multiple channel scanning (gain dependent) for the NB-MIO-16X are given
in Table 6-7.

Table 6-7. Maximum Data Acquisition Rates for Multiple Channels on the NB-MIO-16X

Board Gain Data Acquisition Rate
0.01% Settling 0.005% Settling 0.5 LSB Settling
NB-MIO-16X(H/L)-42 1,2,4,8,10 23.8 kS/s 20 kS/s 5kS/s
100 20 kS/s 20 kS/s 2 kS/s
500 20 kS/s 10 kS/s 2 kS/s
NB-MIO-16X(H/L)-18 1,2,4,8,10 33.3kS/s 20 kS/s 5kS/s
100 20 kS/s 20 kS/s 2 kS/s
500 20 kS/s 10 kS/s 2 kS/s

If you are using SCXI with your DAQ board, refer to the SCXI Data Acquisition Rates section for the effect of SCXI
module settling time on your DAQ board rates.

Lab and 1200 Series Data Acquisition

The Lab and 1200 series contain eight single-ended analog input channels numbered O through 7. The analog input
channels are multiplexed into a single software-programmable gain state and 12-bit ADC. Seven gains are provided
on the Lab and 1200 series: 1, 2, 5, 10, 20, 50, and 100.

Analog input on the Lab-NB can be configured for two different nominal input ranges:

. 0 to +10 V (unipolar)

e -5to+5 V (bipolar)
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Data acquisition with the Lab and 1200 series uses one of two modes: single-channel data acquisition or multiple-
channel scanned data acquisition. Single-channel data acquisition involves selecting a single analog input
multiplexer and gain setting. In multiple-channel scanned data acquisition, a set of analog input channels is scanned
with a single gain setting in a round-robin mode. This scanning is performed by specifying the number of channels
to be scanned and the gain setting to be used for the scanning operation. During scanning, the analog input circuitry
is set to the next channel in the scan sequence, and an A/D conversion is performed. When the end of the scan
sequence is reached, the sequence is started over again until the required number of samples have been acquired.

The PCI-1200 and DAQCard-1200 boards support interval scanning. A scan interval is the time that elapses
between two channel-scanning cycles.

SCXI modules can be used as a data acquisition front end for the Lab and 1200 series to provide signal conditioning
for the input signals. All the modes described above can be used in conjunction with SCXI for single channel
acquisitions; however, multiple-channel scanned acquisitions are only supported when using the SCXI-1120 or
SCXI-1121 modules in parallel mode. The SCXI functions described in Chapter 7 set up the SCXI modules for data
acquisition operations to be performed by the Lab and 1200 series.

Lab and 1200 Series Data Acquisition Timing

Timing for data acquisition is provided by the onboard counter/timers or can be performed externally. Data
acquisition timing involves the following timing signals:

Signal Name Description

Trigger An edge-triggered signal that initiates a data acquisition sequence. A trigger can be
supplied externally through the I/O connector EXTTRIG input.

Conversion pulses Generate a pulse once every sample interval, causing an A/D conversion to be
initiated. This signal can be generated by the onboard programmable sample interval
clock supplied by a Counter/Timer or can be supplied externally through the I/O
connector EXTCONV* input.

Sample counter Counts the number of A/D conversions (samples) when conversion pulses are
generated by the onboard sample interval counter, and shuts down the data
acquisition timing circuitry when the desired number of samples have been acquired.

Timebase clock Provides the timebase for the sample interval counter. Onboard selections of 1 MHz,
100 kHz, 10 kHz, 1 kHz, or 100 Hz are available.

See the specific board user manuals for more information regarding these signals.

Lab and 1200 Series Counter/Timer Signals

The onboard Counter AO is used to produce the total sample interval for data acquisition. However, if the total
sample interval is greater than 65,535 us, Counter BO is used to generate the clock for a slower timebase, which is
used by Counter AQ to provide the total sample interval. Counter BO then cannot be used by the ICTR_Setup and
ICTR_Reset functions for the duration of the data acquisition operation. Counter B0 also cannot be used by the
Waveform Generations functions if the total update interval for waveform generation is also greater than 65,535 us
and Counter BO is required to produce a timebase for waveform generation different from the timebase being
produced by Counter BO for data acquisition. Counter B0 is available for data acquisition under the following
conditions:

» If waveform generation is not in progress and no ICTR_Setup call has been made on Counter BO since
startup.

»  If waveform generation is not in progress and an ICTR_Reset call has been made on Counter BO.
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» If waveform generation is in progress and is using Counter B0 to obtain the timebase required to produce the
total update interval, this timebase is the same as required by the Data Acquisition functions to produce the total
sample interval. In this case, Counter B0 is used to provide the same timebase for both data acquisition and
waveform generation.

Lab and 1200 Series Data Acquisition Rates

The maximum recommended data acquisition rates for both single-channel and multiple-channel data acquisition
represent the fastest data throughput that the board is able to achieve and still maintain accuracy. The data
acquisition rates given below allow for settling to a 10 V input signal change between conversions. It may be
possible to operate at faster speeds; however, accuracy may be compromised. Data acquisition errors occur if the
sample rates are exceeded by a large amount.

With data acquisition, extra time is required by the data acquisition circuitry for gain/multiplexer settling due to
channel switching. This required settling time depends on the gain setting used for each channel and limits data
acquisition rates. The recommended settling time versus gain for the Lab and 1200 series is given in Table 6-8.

Table 6-8. Recommended Settling Time Versus Gain for the Lab and 1200 Series

Gain Setting Recommended Settling Time
1 16 ps
2,5 20 ps
10, 20 30 ps
50, 100 100 ps

The maximum recommended data acquisition rates for single and multiple channels for the Lab and 1200 series are

shown in Table 6-9.

Table 6-9. Maximum Data Acquisition Rates for Multiple Channels on the Lab and 1200 Series

Board Gain Data Acquisition Rate
Typical Worst Case

Lab-LC 1 62.5 kS/s

Lab-NB 2,5 50 kS/s
10, 20 33.3 kS/s
50, 100 10 kS/s

PCI-1200 1 90.9 kS/s 71.4 kS/s

DAQCard-1200 | 2,5, 10 76.9 kS/s 62.5 kS/s
20 66.7 kS/s 52.6 kS/s
50 37.0 kS/s 29.4 kS/s
100 16.7 kS/s 12.5 kS/s

If you are using SCXI with your DAQ board, refer to the SCXI Data Acquisition Rates section for the effect of SCXI
module settling time on your DAQ board rates.
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DAQCard-500 and DAQCard-700 Data Acquisition

The DAQCard-500 and DAQCard-700 can perform single-channel data acquisition and multiple-channel scanned
data acquisition. For single-channel data acquisition, you select a single analog input channel. The device performs a
single A/D conversion on that channel every sample interval.
For multiple-channel scanned data acquisition, the device scans a sequence of analog input channels. A sample
interval indicates the time to elapse between A/D conversions on each channel in the sequence. You need only to
select a single starting channel to select the sequence of channels to scan. The device then scans the channels in
consecutive order until channel O is reached and the scan begins anew with the starting channel. If the starting
channel is channel 3, for example, the scan sequence is as follows:

channel 3, channel 2, channel 1, channel O, channel 3, and so on

You can use both the single-channel and multiple-channel acquisitions with the double-buffered mode. Double-
buffered mode fills the user-specified buffer continuously.

You can use SCXI modules as a data acquisition front end for the DAQCard-700 to signal condition the input
signals and multiplex the channels. You can use all the modes just described in conjunction with SCXI for single-
channel acquisitions; however, multiple-channel acquisitions are only supported when using the SCXI-1120 or
SCXI-1121 modules in Parallel mode.

You cannot use the DAQCard-500 with SCXI.

DAQCard-500 and DAQCard-700 Data Acquisition Timing

Timing for data acquisition can be performed by the onboard MSM82C53 Counter/Timer or externally. The
MSMS82C53 Counter/Timer has three independent 16-bit counters/timers, which are assigned as follows:

*  Counter 0 is a sample-interval counter for data acquisition that is available if no data acquisition is in progress.
*  Counter 1 is available for general-purpose counting functions.

*  Counter 2 is available for general-purpose counting functions.

Data acquisition timing involves the following timing signals:

A conversion pulse is a signal that generates a pulse once every sample interval, causing the device to initiate an
A/D conversion. This signal can be generated by the onboard, programmable sample-interval clock supplied by the
MSMS82C53 Counter/Timer, or can be supplied externally through the I/O connector EXTCONV* input. You can
select external conversion pulses by calling DAQ_Config. If you do not want to use external conversion pulses,

you should disconnect the EXTCONV* pin on the I/O connector to prevent extra conversions.

A timebase clock is a clock signal that is the timebase for the sample-interval counter. Counter 0 of the MSM82C53
uses a | MHz clock as its timebase.

See your device user manual for more information regarding these signals.

If you are using SCXI with your DAQCard-700, refer to the SCXI Data Acquisition Rates section later in this
chapter for the effect of SCXI module settling time on your DAQ device rates.

DAQCard-500 and DAQCard-700 Counter/Timers

The DAQCard-500 and DAQCard-700 contain an onboard MSM82CS53 Programmable Interval Timer chip that has
three independent 16-bit counter/timers. Counter O is used for data acquisition operations.
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E Series Data Acquisition

The E Series devices can perform single-channel data acquisitions and multiple-channel scanned data acquisitions.
For single-channel data acquisition, select a single analog input channel and gain setting. The device performs a
single A/D conversion on that channel every sample interval.

For multiple-channel scanned data acquisition, the device scans a set of analog input channels, each with its own
gain setting. In this method, a scan sequence indicates which analog channels to scan and the gain settings for each
channel. The length of this scan sequence can be 1 to 512 channel/gain pairs. During scanning, the analog input
circuitry performs an A/D conversion on the next entry in the scan sequence. The device performs an A/D
conversion once every sample interval. For maximum performance, this operation is pipelined so that the device
switches to the next channel while the current A/D conversion is performed. The device waits for a specified scan
interval before scanning the channels again. The channels are scanned repeatedly at the beginning of each scan
interval until the required number of samples has been acquired. For example, you can scan a sequence of four
channels once every 10 s. The device could sample the channels at the beginning of the 10 s interval, within 20 ps,
with a 5 ps sample interval between channels. If you use SCAN_Start, the scan sequence starts over again
immediately at the end of each scan sequence without waiting for a scan interval. This causes the device to scan the
channels repeatedly as fast as possible.

You can combine both single-channel and multiple-channel acquisition with any of the following additional modes:
*  Posttrigger mode

*  Pretrigger mode

*  Double-buffered mode

*  AMUX-64T mode

*  SCXI mode

Posttrigger mode collects a specified number of samples after the device receives a trigger. Refer to the start trigger
discussion in the appropriate data acquisition timing section for your device later in this chapter for details. After the
user-specified buffer is full, the data acquisition stops.

Pretrigger mode collects data both before and after the device receives a trigger in posttrigger mode, either through
software or by applying a hardware signal. The device collects samples and fills the user-specified buffer without
stopping until the device receives the stop trigger signal. Refer to the stop trigger discussion in the appropriate data
acquisition timing section for your device later in this chapter for details. The device then collects a specified
number of samples and stops the acquisition. The buffer is treated as a circular buffe—when the entire buffer has
been written to, data is stored at the beginning again, overwriting the old data. When data acquisition stops, the
buffer has samples from before and after the stop trigger occurred. The number of samples saved depends on the
length of the user-specified buffer and on the number of samples specified to be acquired after receipt of the trigger.
Double-buffered mode, like pretrigger mode, also fills the user-specified buffer continuously.

In the AMUX-64T mode, you use one or more external AMUX-64T devices to extend the number of analog input
channels available. You connect the external signals to the pins of the AMUX-64T devices, instead of directly to the
pins of the DAQ device.

You can use SCXI modules as a data acquisition front end for the device to condition the input signals and multiplex
the channels. You can use all the modes just described in conjunction with SCXI.

Note: Refer to the Set_DAQ_Device_Info function in Chapter 2, Board-Specific Functions, for
information on data acquisition modes.

MIO E Series Data Acquisition Timing

The following DAQ-STC counters are used for data acquisition timing and control:

*  The scan counter is used to control the number of scans you will acquire. If you want to perform pretriggered
acquisition, this counter ensures that you acquire selected number of scans before the stop trigger is recognized.
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*  The scan timer is a counter that you can use for start scan timing.
»  The sample interval timer is a counter that you can use for conversion timing.
Data acquisition timing involves the following timing signals:

* A start trigger is a signal that initiates a data acquisition sequence. You can supply this signal externally
through a selected I/O connector pin, through a RTSI bus trigger line, or by software.

* A start scan signal initiates individual scans. This signal can be supplied from the on-board programmable scan
timer, externally through a selected I/O connector pin, through a RTSI bus trigger line, or by software.

* A conversion signal initiates individual analog-to-digital (A/D) conversions. This signal can be supplied from
the on-board programmable sample timer, externally through a selected I/O connector pin, through a RTSI bus
trigger line, or by software.

* A stop trigger is a signal used for pretriggered data acquisition to notify your device to stop acquiring data after
a specified number of scans. Data acquisition operation is continuously performed until the device receives this
signal. This signal can be supplied externally through a selected I/O connector pin, through a RTSI bus trigger
line, or by software.

*  Gate is a signal used for gating the data acquisition. When you enable gating, the data acquisition will proceed
only on selected level of the gate signal. This signal can be supplied externally through a selected I/O connector
pin, through a RTSI bus trigger line.

»  Scan timer timebase is a signal used by the scan timer for scan interval timing. This signal is used only when the
scan timer is used. This signal can be supplied from one of the on-board timebase sources, externally through a
selected I/O connector pin, or through a RTSI bus trigger line.

o Sample interval timer timebase is a signal used by the sample interval timer for conversion timing. This signal is
used only when the sample interval timer is used. This signal can be supplied from one of the on-board timebase
sources, externally through a selected I/O connector pin, or through a RTSI bus trigger line.

See your DAQ device user manual for more information regarding these signals.

DAQ devices with the DAQ-STC use two counters, the scan interval counter and the sample interval counter. The E
Series devices support both internal and external timebases. The internal timebases available on the DAQ-STC are
20 MHz (50 ns) and 100 kHz (10 ps). The scan interval counter is a 24-bit counter, and the sample interval counter
is a 16-bit counter.

While the scan interval counter has the freedom to work with both internal and external timebases, the sample
interval counter can use either the 20 MHz timebase or the timebase used by the scan interval counter.

MIO E Series Data Acquisition Rates
Refer to the appropriate user manual for single-channel and multiple-channel DAQ rates and settling accuracy.

If you are using SCXI with your DAQ device, refer to the following SCXI Data Acquisition Rates section for the
effect of SCXI module settling time on your DAQ device rates.
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SCXI Data Acquisition Rates

The settling time of the SCXI modules may affect the maximum data acquisition rates that can be achieved by your
DAQ board. The settling times and maximum rates of the different SCXI modules at each gain setting are listed in
Table 6-10. If the maximum rate listed here for your SCXI module is slower than the applicable maximum rate of
your DAQ board, then you will have to use the maximum rate listed here in Table 6-10.

Table 6-10. Maximum SCXI Data Acquisition Rates

SCXI Module Gain Maximum A cquisition Settling Time
Rate

SCXI-1100 1-100 143 kS/s 7 us

200 100 kS/s 10 ps

500 62.5 kS/s 16 ps

1000, 2000 20 kS/s 50 us
SCXI-1120 1-2000 143 kS/s 7 us
SCXI-1121 1-2000 143 kS/s 7 us
SCXI-1140 1-500 143 kS/s 7 us

If you are using the SCXI-1122, please refer to the SCXI-1122 section in Chapter 7, SCXI Functions.

Single-Buffered Data Acquisition Function Summary

The single-buffered data acquisition functions (DAQ and SCAN) acquire a specified number of samples from one or
more channels and return the data when the acquisition is complete. Additionally, the configuration, scaling and
analog triggering (that is, waiting until the incoming analog data crosses a specified level) functions can be
performed with both single-buffered and double-buffered data acquisition.

The following functions can be used for single-buffered data acquisition on the Lab and 1200 devices,
DAQCard-500, and DAQCard-700 and MIO boards:

DAQ_Config Stores configuration information for subsequent data acquisition operations.

DAQ_PreTrig Stores pretrigger information for stopping single-buffered data acquisition when a
specified number of samples have been acquired after the occurrence of an external
trigger. Pretriggering is not available on the NB-MIO-16.

DAQ_Trigger Stores analog trigger configuration information for subsequent single-buffered data
acquisition operations.

DAQ_Check Checks to see whether the current data acquisition operation is complete and returns
its status.

DAQ_Clear Cancels the current data acquisition operation and reinitializes the data acquisition
circuitry.

DAQ_Start Initiates a single-channel data acquisition operation and stores the results in an array.

DAQ_VScale Converts the values of an array of acquired binary data and the gain setting for that

data to actual input voltages measured.
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Lab_ISCAN_Check Checks to see whether the current scanned data acquisition operation is complete and
then returns the status (DAQCard-500, DAQCard-700, and Lab and 1200 series only).

Lab_ISCAN_Start Initiates a multiple-channel scanned data acquisition operation and stores the results in
an array (DAQCard-500, DAQCard-700, and Lab and 1200 series only).

SCAN_Check Checks to see whether the current scanned data acquisition operation is complete, and
returns its status.

SCAN_Demux Demultiplexes data acquired by a SCAN operation into separate arrays for each
channel (C and Pascal only).

SCAN_IntStart Initiates a multiple-channel scanned data acquisition operation, and can also define a
scan interval for the NB-MIO-16X and PCI-MIO-16XE-50.

SCAN_Setup Initializes the circuitry on the MIO devices for a scanned data acquisition operation.
Initialization includes storing a table of the channel sequence and gain setting for each
channel.

SCAN_Start Initiates a multiple-channel scanned data acquisition operation on an MIO board.

Single-Buffered Data Acquisition Application Hints

Single-Channel Data Acquisition

DAQ_Start and DAQ_Check perform data acquisition operations from a single analog input channel into a user
buffer. DAQ_Start initiates the data acquisition process, and DAQ_ Check returns the completion status of the
data acquisition process. The data acquired is in binary format and can be scaled to voltage values by using
DAQ_Scale. Data acquisition can be terminated by executing DAQ_Clear. Data acquisition is normally
controlled by the onboard counters and is started as soon as DAQ_Start is called. Other timing modes can be used
when DAQ_Configis called to set them up. If any jumpers on the analog input circuitry have been changed, use
AI_Configure to update the analog input configuration information for NI-DAQ for Macintosh.

DAQ_Trigger can be executed to enable analog triggering and to set up trigger information on single-buffered
data acquisitions (single-channel and multiple-channel scan). Subsequent single-buffered calls to DAQ_Start
(while triggering is enabled) cause DAQ_Start to wait for an analog trigger to occur before collecting the array
of sample data. Analog triggering can also be used in single-channel acquisitions using SCXI.

DAQ_PreTrig can be executed to acquire a specified number of samples after an external stop trigger has
occurred. Subsequent calls to DAQ_Start (while pretriggering is enabled) cause DAQ_Start to stop single-
buffered data acquisition when a specified number of samples have been acquired after the occurrence of an external
trigger. Pretriggering is possible only on the NB-MIO-16X, PCI-MIO-16XE-50, and Lab and 1200 series boards.

Example applications that perform data acquisition operations are included on your NI-DAQ for Macintosh
diskettes. (See Chapter 11, NI-DAQ for Macintosh Examples.)

Multiple-Channel (Scanned) Data Acquisition

SCAN_Start, SCAN_IntStart, Lab_ISCAN_Start, SCAN_Check, and Lab_ISCAN_Check perform

data acquisition operations while scanning multiple analog input channels. SCAN_Start, SCAN_IntStart, and
Lab_ISCAN_Start initiate the acquisition process and store acquired binary values into a one-dimensional array
with the data from each channel interleaved in time. SCAN_Check or Lab_ISCAN_Check returns the
completion status of the scanned data acquisition process. After SCAN_Check or Lab_ISCAN_Check signifies
that acquisition is complete, the one-dimensional data can be converted into a two-dimensional array in which one
dimension corresponds to each channel. The other dimension corresponds to the data for a single channel by passing
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the array to SCAN_Demux. This data can be scaled to voltage values by using DAQ_Scale on one channel of data
at a time.

SCAN_Start and SCAN_IntStart must be preceded by SCAN_Setup, which indicates the number of channels
to be scanned and loads a channel-gain scan sequence. SCAN_Setup needs to be executed only once if the same
scan setup is valid for all executions of SCAN_Start or SCAN_IntStart. SCAN_Setup is not used for the
Lab and 1200 series.

SCAN_IntStart can be used instead of SCAN_Start on the NB-MIO-16X and PCI-MIO-16XE-50 and
Lab_ISCAN_Start is used on the PCI-1200 and DAQCard-1200 to perform a multiple-channel acquisition.
These can define a scan interval between channel sequences in addition to the sampling interval between channels.
Interval scanning has the advantage of simulating simultaneous sampling of a group of channels once every
scanning interval. Interval scanning can also be achieved by using a SCXI-1140 module. The DAQCard-500 and
DAQCard-700 also use Lab_ISCAN_Start, but only for continuous scanning, not interval scanning.

To perform multiple-channel scanned acquisitions using the SCXI-1140 module, interval scanning must be used. If
an SCXI_SCAN_Setup call has been made to set up an SCXI scan that includes an SCXI-1140 module, then the
SCAN_IntStart callis able to implement interval scanning on the NB-MIO-16 as well as the NB-MIO-16X. In
this special case, the sample timebase and the scan timebase specified must be the same. In all other cases, however,
interval scanning is only available on the NB-MIO-16X.

Scanned data acquisition operations can be terminated by executing DAQ_Clear. Scanned data acquisition is
normally controlled by the onboard counters and is started as soon as SCAN_Start, Lab_ISCAN_Start, or
SCAN_IntStart is executed. Other timing modes can be used when DAQ_Config is called to set them up. If
any jumpers on the analog input circuitry have been changed, use AI_Config to update the analog input
configuration information for NI-DAQ for Macintosh.

DAQ_Trigger can be executed to enable triggering on analog input values and to set up trigger information on
single-buffered data acquisitions (single-channel and multiple-channel scan). Subsequent single-buffered calls to
SCAN_Start, Lab_ISCAN_Start, or SCAN_IntStart (while triggering is enabled) cause these functions to
wait for trigger conditions to be met before collecting the array of sample data. Analog triggering can be used with
SCXI in multiple-channel scanned acquisitions only when the SCXI modules are operated in Parallel mode.

DAQ_PreTrig can be executed to enable acquisition of a specified number of samples after an external trigger has
occurred. Subsequent calls to SCAN_Start, Lab_ISCAN_Start, or SCAN_IntStart (while pretriggering is
enabled) cause these functions to stop single-buffered data acquisition when a specified number of samples have
been acquired after the occurrence of an external trigger. Pretriggering is possible only on the NB-MIO-16X,
PCI-MIO-16XE-50, and Lab and 1200 series boards.

Example applications that perform multiple-channel data acquisition operations are included on your NI-DAQ for
Macintosh diskettes. (See Chapter 11, NI-DAQ for Macintosh Examples.)

Using the NB-MIO-16X in Unipolar Mode with Pascal

If you are using an NB-MIO-16X or PCI-MIO-16XE-50 in unipolar mode, conversion values are returned as 16-bit
unsigned integers. Because Pascal does not support unsigned representation, the values in the range 32,768 through
65,535 are treated as negative numbers in Pascal. You can use the UArrToLArr conversion function to convert
values to Pascal long integers.

Note: These values should be passed to DAQ_VScale without conversion. (See Chapter 11, NI-DAQ for
Macintosh Examples, for a complete description of the UArrToLArr function.)
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DAQ_Check

Function
Checks to see whether the current data acquisition operation is complete and returns its status.

Synopsis

CSyntax locus 132 DAQ_Check (u32 deviceNumber, ul6 *status, u32 *retrieved);

Pascal Syntax function DAQ_Check (deviceNumber : i32; wvar status : 116; var
retrieved : 132) : 132;

BASIC Syntax | FN DAQ_Check (deviceNumber&, statusé&, retrieveds)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

status returns an indication of whether the data acquisition has completed.
1: the data acquisition operation is complete.
0: the data acquisition operation is not yet complete.

DAQ_Check checks the current background data acquisition operation to determine whether it has completed.
If the operation is complete, DAQ_Check sets status to 1. Otherwise, status is set to 0. If the acquisition is
single-buffered, then the data is available in the buffer when status is 1. If the acquisition is double-buffered in
continuous mode, status will always return 0. If the acquisition is double-buffered in noncontinuous mode,
status will return 1 only when the entire acquisition is complete.

If DAQ_Check returns an overFlowError or an overRunError, the data acquisition operation may never
complete because of lost A/D conversions due to samples being acquired too rapidly (sample interval was too
small). An overFlowError indicates that the A/D FIFO overflowed because the data acquisition servicing
operation could not keep up with the sample rate. An overRunError indicates that the data acquisition
circuitry could not keep up with the sample rate. If one of these errors occurs, then DAQ_Check executes
DAQ_Clear to terminate the operation and to clear all error flags.

If NI-DAQ for Macintosh is configured for double-buffered mode, an overWriteErr can occur. An
overWriteErr indicates that the large circular acquisition buffer used for double-buffered acquisitions
overwrote acquired data before it was retrieved by DAQ2Get, DAQ2TGet, DAQ2Tap, or DAQ2TTap. An
overwrite error can be corrected by increasing the size of the large acquisition buffer, retrieving more data each
time, retrieving data more often, decreasing the size of the smaller dividing blocks, or reducing the sampling
rate. The large acquisition buffer and smaller dividing block sizes are configured in DAQ2Config.

An error occurs if analog triggering has been enabled for a single-buffered acquisition (see DAQ_Trigger)
and analog trigger conditions are not met before the specified timeout value expires.

In pretrigger mode, DAQ_ Check automatically rearranges the array upon completion of the acquisition so that
the oldest data point is at the beginning of the array.
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DAQ_Clear

Function
Cancels the current data acquisition operation and reinitializes the data acquisition circuitry.

Synopsis
CSyntax locus 132 DAQ Clear (u32 deviceNumber) ;
Pascal Syntax function DAQ_Clear (deviceNumber : 132) : i32;
BASIC Syntax | FN DAQ_Clear (deviceNumberé)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

DAQ_Clear cancels the current data acquisition operation. You should execute DAQ_Clear whenever you
want to halt data acquisition operation. Any acquired data is lost.

If NI-DAQ for Macintosh is configured for double-buffered data acquisition (see DAQ2Config), then either
DAQ_Clear or DAQ2Clear can be used to stop the current double-buffered acquisition. DAQ_Clear stops
the current double-buffered acquisition but leaves NI-DAQ for Macintosh configured for double-buffered mode.
DAQ2Clear stops the current acquisition and disables double-buffered mode.

DAQ_Config

Function
Stores configuration information for subsequent data acquisition operations.

Synopsis

C Syntax locus i32 DAQ_Config(u32 deviceNumber, u32 externalTrigger, u32
externalGate, u32 externalConvert);

Pascal Syntax function DAQ_Config(deviceNumber : i32; externalTrigger : 1i32;
externalGate : i132; externalConvert : 132) : 132;

BASIC Syntax | FN DAQ_Config(deviceNumber&, externalTriggeré, externalGates,
externalConverté&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

externalTrigger indicates whether the trigger to initiate data acquisition sequences is externally generated.
0: generate software trigger to start data acquisition sequence.
1: wait for external trigger to initiate data acquisition sequence (not supported on the DAQCard-500 and
DAQCard-700).

externalGate indicates whether to enable external gating of data acquisition. externalGate is only used on the
NB-MIO-16. See Select_Signal for enabling external gating on E Series boards.

0: disable external gating.

1: enable external gating.
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externalConvert indicates whether timing of A/D conversions during the data acquisition sequence is
controlled externally or internally with the sample-interval clock.

0: use onboard sample-interval clock to control data acquisition A/D conversions.

1: allow external clock to control data acquisition A/D conversions.

2: allow external clock to control scan-interval timing.

3: allow external control of sample-interval and scan-interval timing.

Note: When using an external clock to control A/D conversions on an NB-MI0O-16X, be sure to call

MIO_16X_Config before starting the acquisition.

NB-MIQO-16 or NB-MIO-16X Configuration

Only the following combinations of externalTrigger, externalGate, and externalConvert are valid on the
NB-MIO-16 and
NB-MIO-16X:

externalTrigger externalGate externalConvert
0 0 0
1 0 0
0 1 0
0 0 1

The first setting causes A/D conversions to begin as soon as DAQ_Start, SCAN_Start, or
SCAN_IntStart is called. The second setting causes A/D conversions to begin after a pulse is applied on the
I/O connector once DAQ_Start, SCAN_Start, or SCAN_IntStart is called. The pulse is applied to the
EXTTRIG¥* input on the NB-MIO-16. On the NB-MIO-16X, the pulse is applied to the STARTTRIG* input.
The third setting causes A/D conversions to occur while the EXTGATE signal is high after DAQ_Start or
SCAN_Start is called. External gating is available only on the NB-MIO-16. In these three cases, the sample
interval is timed by the onboard counter/timer. In the fourth case, individual A/D conversions are caused by
pulses applied to the EXTCONV* line. In this case, the sample interval is determined by the period of the pulse
applied. More information about data acquisition timing on the NB-MIO-16 or NB-MIO-16X is given at the
beginning of this chapter and under the descriptions of DAQ_Start, SCAN_Start, and SCAN_IntStart.

Note: In most cases, external conversion pulses should not be used in scanning operations when SCXI is
being used in multiplexed mode. The NB-MI10-16 and NB-MIO-16X have no way of masking
conversions before the data acquisition begins, so any conversion pulses that occur before the
acquisition is triggered will advance the SCXI channels.

Lab and 1200 Series Configuration

Only the following combinations of externalTrigger, externalGate, and externalConvert are valid on the Lab
and 1200 series boards. An X signifies external gating is not used on the Lab and 1200 series boards and
therefore externalGate can be any value:

externalTrigger externalGate externalConvert
0 X 0
1 X 0
0 X 1
1 X 1

The first setting causes A/D conversion to begin as soon as DAQ_Start or Lab_ISCAN_Start is called.
The second setting causes A/D conversions to begin after a pulse is applied on the I/O connector once
DAQ_Start or Lab_ISCAN_Start is called. The pulse is applied to the EXTTRIG input. In these two
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cases, the sample interval is timed by an onboard counter/timer. In the third case, individual A/D conversions
are caused by pulses applied to the EXTCONV* line. In this case, the sample interval is determined by the
period of the pulse applied. In the fourth case, the signal applied to the EXTCONV* line is ignored until a low-
to-high pulse is applied at the EXTTRIG input. After this trigger has been received, individual A/D conversions
are caused by pulses applied to the EXTCONV* line. The first falling edge, following a rising edge, generates
the first A/D conversion in the case when external conversion pulses are used. More information about data
acquisition timing on the Lab and 1200 series is given at the beginning of this chapter and under the
descriptions of DAQ_Start and Lab_ISCAN_Start.

All Devices

DAQ_Config saves the parameter values in the configuration table for data acquisition. The configuration
table is used by DAQ_Start, SCAN_Start, SCAN_IntStart, and Lab_ISCAN_Start to set up the data
acquisition circuitry to the correct timing modes.

The default settings for data acquisition modes after system startup are as follows:
externalTrigger = 0: data acquisition sequences are initiated through software.
externalGate = 0: external gating of data acquisition is disabled.
externalConvert = 0: onboard sample-interval clock is used to time A/D conversions.

If you want a data acquisition timing configuration that is different from the default setting, then you must call
DAQ_Config with the desired configuration before any data acquisition sequences are initiated.
DAQ_Config needs to be called only when the data acquisition configuration is changed.

The configuration information for the analog input circuitry is controlled by the AT_Config call. This
configuration information also affects data acquisition. After system startup, the analog input configuration
table defaults to the following values:
For the MIO boards:
input_mode = 0: differential.
input_range =10 V.
polarity = 0: bipolar.
For the Lab and 1200 series boards:
input_mode = 1: single-ended.
polarity = 0: bipolar (-5 to +5 V).
For the DAQCard-500:
input_mode = 1: single-ended.
input_range = 10 V.
polarity = 0: bipolar (-5 to +5 V).
For the DAQCard-700:
input_mode = 1: single-ended.
input_range = 10 V.
polarity = 0: bipolar (-5 to +5 V).

where input_mode, input_range, and polarity are specified in the ATI_Config call.
If the physical configuration of the analog input circuitry on your board differs from these settings, you must

call AT_Config with the correct configuration information in order for the remaining Data Acquisition
functions to operate properly.

© National Instruments Corporation 6-17  NI-DAQ Software Reference Manual for Macintosh



Data Acquisition Functions Chapter 6

DAQ_PreTrig

Function

Stores pretrigger information for stopping single-buffered data acquisition when a specified number of samples
have been acquired after the occurrence of an external trigger. Pretriggering is not available on the
NB-MIO-16.

Synopsis

C Syntax locus i32 DAQ_PreTrig(u32 deviceNumber, u32 alternateTrigger, u32
count) ;

Pascal Syntax function DAQ_PreTrig(deviceNumber : 1i32; alternateTrigger : 1i32;
count : 132) : 132;

BASIC Syntax | FN DAQ_PreTrig(deviceNumber&, alternateTrigger&, counté)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

alternateTrigger enables or disables pretriggering. If pretriggering is enabled, subsequent single-buffered data
acquisition operations acquire data continuously until the external stop trigger occurs and the specified number
of samples after the trigger have been acquired.

0: disable pretriggering.

1: enable pretriggering.

count indicates how many samples to acquire after the external stop trigger has occurred before actually
stopping data acquisition.
Range: 2 through 224 for the E Series.
3 to 231-1 for the NB-MIO-16X.
3 to 65,535 for the Lab and 1200 series.

Note: DAQ_PreTrig enables pretriggering for subsequent single-buffered (DAQ_Start, SCAN_Start,
SCAN_IntStart, and Lab_ISCAN_Start) data acquisition operations. See DAQ2TGet and
DAQ2TTap for enabling pretriggering with double-buffered (DAQ?2) data acquisitions.

Lab-NB and Lab-LC Note: If the on-board sample interval clock is used to time A/D conversions, you
may get one extra sample after the trigger. So, if you configured with
count = 10, you will get 10 samples after the trigger if the trigger occurred
when the conversion signal is low. You will get 11 samples after the trigger
if the trigger occurred when the conversion signal was high.

If an external clock is used to time A/D conversions, you may get one or two
extra samples after the trigger. So, if you configured with count = 10, you
will get either 10, 11, or 12 samples after the trigger, depending on when the
trigger occurred.

A pretriggered acquisition can be implemented by first calling DAQ_PreTrig with alternateTrigger set to 1
and with count set to the number of samples to acquire after an external trigger occurs. DAQ_Start,
SCAN_Start, SCAN_IntStart, or Lab_ISCAN_Start can be used to indicate the total number of
samples to acquire and to start the acquisition. A trigger applied at the external trigger iput o the connector
triggers NI-DAQ to acquire the number of samples specified by count and then stop the acquisition. For
example, if DAQ_PreTrig is called to enable pretriggering with count set to 20 and DAQ_Start is called to
acquire 100 samples, then 100 samples are returned after a trigger is applied and DAQ_Check indicates that the
acquisition is complete. The first 80 samples in the returned array occurred immediately before the trigger; the
last 20 were sampled after the trigger.
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DAQ_Start

Function
Initiates a single-channel data acquisition operation and stores the results in an array.

Synopsis

C Syntax locus i32 DAQ_Start (u32 deviceNumber, u32 channel, u32 gain, il6
*buffer, u32 count, u32 timebase, u32 samplelnterval);

Pascal Syntax function DAQ_Start (deviceNumber : i32; channel : i32; gain : i32;
buffer : pil6; count : i32; timebase : 132;
sampleInterval : i32) : i32;

BASICSyntax FN DAQ_Start (deviceNumberé&, channelg&, gain&, buffer&, countg,
timebase&, samplelntervalg)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

channel is the analog input channel number. If SCXI is being used, you must use the appropriate analog input
channel on the DAQ board that corresponds to the desired SCXI channel. Please refer to Chapter 7, SCXI
Functions, for more information on SCXI channel assignments.

Range: 0 through n-1, where n is the number of analog input channels available.

gain is the gain setting to be used for the specified channel. Refer to Appendix E, Analog Input Channel and
Gain Settings and Voltage Calculation, for valid gain settings. If you use invalid gain settings, NI-DAQ returns
an error.

This gain setting applies only to the DAQ board; if SCXI is used, any gain desired at the SCXI module must be
established either by setting jumpers on the module or by calling SCXI_Set_Gain.

buffer is a buffer of length count. When DAQ_ Check returns status = 1, then buffer contains the acquired
data. The elements of buffer are the results of each A/D conversion in the data acquisition operation. The
elements of buffer are integers (16-bit values).

Refer to Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation, for the range of each
element for buffer.

Note: If NI-DAQ for Macintosh has been configured for double-buffered mode (see DAQ2Config), then
this buffer parameter is not used and must be 0. The larger buffer allocated by DAQ2Configis
used as the acquisition buffer for double-buffered acquisitions. DAQ2Get, DAQ2TGet, DAQ2Tap,
and DAQ2TTap can be used to acquire blocks of data from the double-buffered acquisition in
progress. (See Starting a Double-Buffered Acquisition with DAQ_Start.)

count is the number of samples to be acquired (that is, the number of A/D conversions to be performed).
Range: 3 through 231-1. (With DMA on an MIO board, the range is limited to 3 through 223.)

Note: If NI-DAQ for Macintosh is configured for continuous double-buffered acquisition (see
DAQ2Config), then the count parameter is ignored and should be 0. In continuous mode, the total
number of samples to acquire is not indicated and the data acquisition runs continuously until you
stop the process by executing DAQ_Clear or DAQ2Clear. (See Starting a Double-Buffered
Acquisition with DAQ_Start.)
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timebase is the resolution to be used for the sample-interval counter. timebase has the following possible
values:
Most devices:
External clock used as timebase (SOURCES input) (NB-MIO-16 or NB-MIO-16X).
1-MHz clock used as timebase (1-us resolution).
100-kHz clock used as timebase (10-us resolution).
10-kHz clock used as timebase (100-us resolution).
1-kHz clock used as timebase (1-ms resolution).
100-Hz clock used as timebase (10-ms resolution).

AR S o

E Series:

-3: 20-MHz clock used as timebase (50-ns resolution).

0: If you use this function with the timebase set at 0, you must call Select_Signal with signal set to
ND_IN_SCAN_CLOCK_TIMEBASE (not ND_IN_CHANNEL_CLOCK_TIMEBASE), and source set to
a value other than ND_INTERNAL_20_MHZ and ND_INTERNAL_100_KHZ before calling
DAQ_Start with timebase set to 0; otherwise, DAQ_Start will select low-to-high transitions on the
PFI 8 I/O connector pin as your external timebase.

2: 100 kHz clock used as timebase (10 us resolution).

If sample-interval timing is to be externally controlled, the timebase parameter is ignored and can be any value.
When using external timing sources with the NB-MIO-16X, be sure to call MIO_16X_Config before starting
the acquisition.

samplelnterval indicates the length of the sample interval (that is, the amount of time to elapse between each
A/D conversion).
Range: 2 through 65,536.
2 through 224 (E Series)

The sample interval is a function of the timebase resolution. The actual sample interval in seconds is
determined by the following formula:

samplelnterval * (timebase resolution)

where the timebase resolution for each value of timebase is specified above. For example, if
sampleInterval = 25 and timebase = 2, the sample interval is 25 * 10 us = 250 ps. If the sample interval is to
be externally controlled, the sampleInterval parameter is ignored and can be any value.

Note: (Lab-NB and Lab-LC only) Do not drive GATBO input low on the Lab-NB or Lab-LC 1/O connector
if the actual sample interval is greater than 65,535 us. In this case, Counter B0 is used to give the
actual sample interval. Refer to Lab and 1200 Series Counter/Timer Signals earlier in this chapter.

Using This Function
DAQ_Start initiates a single-channel data acquisition either in single-buffered or double-buffered mode. For
both modes, DAQ_Start configures the analog input multiplexer and gain circuitry as indicated by channel
and gain. If external sample-interval timing has not been selected by a call to DAQ_Config, the sample-
interval counter is set to the specified sampleInterval and timebase parameters. If external sample-interval
timing has been selected, then the data acquisition circuitry relies on pulses received on the EXTCONV* input
to initiate individual A/D conversions, and the sampleInterval and timebase parameters are ignored.

If external gating of the data acquisition operation has been selected, a signal at the EXTGATE I/O connector
input on the NB-MIO-16 controls the sample-interval counter. When the EXTGATE signal is high, the sample-
interval counter is enabled, causing A/D conversions to occur. When the EXTGATE signal is low, the sample-
interval counter is suspended and no A/D conversions occur. External gating is available only on the
NB-MIO-16.
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Starting a Single-Buffered Acquisition with DAQ_Start

In a single-buffered acquisition, the DAQ_ Start call specifies the number of samples to acquire (count) and
an integer array to store the acquired data (buffer). After DAQ_Start has returned, the background process
stores up to count A/D conversions into the buffer and ignores any subsequent conversions. The acquired
samples are available when the DAQ_ Check call returns status = 1. A second call to DAQ_Start cannot be
made without terminating this background process. If a call to DAQ_Check returns status = 1, the samples are
available and the process is terminated. A call to DAQ_Clear also terminates a background data acquisition
process.

Starting a Double-Buffered Acquisition with DAQ_Start

In a double-buffered acquisition, data can be returned from an acquisition in progress without interrupting the

acquisition. NI-DAQ for Macintosh can be configured for double-buffered mode by executing DAQ2Config
before DAQ_Start is called. DAQ2Config allocates a large internal circular buffer for the data storage and
configures subsequent data acquisitions for double-buffered mode.

In double-buffered mode, DAQ_Start ignores the buffer parameter. Once DAQ_Start completes with
error = 0, NI-DAQ for Macintosh acquires and stores the A/D conversions into the large buffer allocated by
DAQ2Config. This buffer is treated as a circular buffer and is continually filled with data until count samples
are acquired. If continuous double-buffered mode has been specified in DAQ2Config, then the total number
of samples is not specified and the count value in DAQ_Start is ignored. The data acquisition continues to
run until the process is stopped by executing DAQ_Clear or DAQ2Clear.

Smaller blocks of data can be retrieved from the large internal buffer without interrupting the acquisition by
repeatedly executing the DAQ2Get, DAQ2TGet, DAQ2Tap, and DAQ2TTap retrieval functions. An integer
array to store the acquired data and the number of samples to retrieve are passed to the retrieval functions. The
array is returned with a copy of a block of data from the internal circular buffer. (See the descriptions of
DAQ2Get, DAQ2TGet, DAQ2Tap, and DAQ2TTap for more information on retrieving double-buffered data.)

Using DAQ_Start to Start a Trigger Acquisition Using Single-Buffered Mode

NI-DAQ for Macintosh can be configured for external hardware triggering using DAQ_Config. If you select
external triggering for the data acquisition operation, a high-to-low edge at the EXTTRIG* I/O connector input
on the NB-MIO-16 or at the STARTTRIG* input on the NB-MIO-16X, or a low-to-high edge at the EXTTRIG
I/O connector input on the Lab and 1200 series initiates the data acquisition operation after the DAQ_Start
call is complete. Otherwise, DAQ_Start issues a software trigger to initiate the data acquisition operation
before returning.

Data acquisition also can be triggered on the slope and level of the analog input values. DAQ_Trigger stores
trigger information and enables triggering on analog input values for subsequent single-buffered acquisitions.
When executing DAQ_Trigger, you indicate a trigger channel, slope, and level. A trigger occurs when the
analog input values of the trigger channel are within the specified slope and level.

If a single-buffered acquisition is started with triggering enabled, DAQ_ Start waits for triggering conditions
to be met before collecting the array of sample data.

Pretriggering can be implemented for single-buffered acquisitions. With pretriggering, data acquisition is
stopped when a specified number of samples have been acquired after the occurrence of an external trigger. See
the description of DAQ_PreTrig for more information on pretriggering.

Using DAQ_Start to Start a Trigger Acquisition Using Double-Buffered Mode

NI-DAQ for Macintosh can be configured for external hardware triggering for double-buffered mode also by
using DAQ_Config. External triggering with double-buffering operates differently on the NB-MIO-16,
Lab-NB, and Lab-LC from the way it works on the NB-MIO-16X.
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If you select external triggering for the data acquisition operation (DAQ_Config) on the NB-MIO-16, Lab and
1200 series, or Lab-LC, a high-to-low edge at the EXTTRIG* I/O connector input initiates the data acquisition
operation after DAQ_ Start begins execution. Otherwise, DAQ_Start issues a software trigger to initiate the
data acquisition operation before returning.

If external triggering is disabled (in DAQ_Config) on the NB-MIO-16X, a software trigger is issued to initiate
each block of the data acquisition operation. Otherwise, if you select external triggering for the data acquisition
operation, a high-to-low edge at the STARTTRIG* I/O connector input on the NB-MIO-16X, initiates each
block of the data acquisition operation after DAQ_Start begins execution. When a high-to-low edge is
received, the number of samples in a block (specified in DAQ2Config) are then acquired. NI-DAQ for
Macintosh then waits for another high-to-low edge before the next block of data is acquired.

Data acquisition also can be triggered on the slope and level of the analog input values. For double-buffered
acquisition, triggering conditions can be specified for each retrieved block of data. A trigger channel, slope, and
level can be specified in the DAQ2Get, DAQ2TGet, DAQ2Tap, and DAQ2TTap functions to implement
condition triggering for double-buffered acquisitions. A trigger occurs when the analog input values of the
trigger channel are within the specified slope and level.

Using the AMUX-64T with DAQ_Start

For details on using the AMUX-64T with Data Acquisition functions on an NB-MIO-16, NB-MIO-16X, or E
Series device, see Appendix C, Using an External Multiplexer.

NuBus DMA

If an NB-DMA-8-G or NB-DMA2800 is not detected in the system, then the NB-MIO-16 and NB-MIO-16X
use interrupts to acquired the data. Double-buffered acquisitions that use interrupts require a sampling interval
of at least 120 us. An overFlowError is returned if no DMA is used and the sampling interval is less than

120 ps for double-buffered acquisitions. (See Starting a Single-Buffered Acquisition with DAQ_Start if faster
sampling rates are needed for non-DMA acquisitions.)

DAQ_Start initializes a background process to handle storage of A/D conversion samples as they occur. If an
NB-DMA-8-G or NB-DMA2800 board is detected in the system, a DMA process is initialized to automatically
handle data acquisition on an NB-MIO-16 and NB-MIO-16X. In either case, the background process handles
incoming data after DAQ_ Start has returned.

DAQ_Trigger

Function
Stores analog trigger configuration information for subsequent single-buffered data acquisition operations.

Synopsis

C Syntax locus i32 DAQ_Trigger (u32 deviceNumber, u32 triggerChannel, u32
triggerSlope, 132 triggerLevel, u32 timeout);

Pascal Syntax function DAQ_Trigger (deviceNumber : i32; triggerChannel : i32;
triggerSlope : i32; triggerlLevel : i32; timeout : 1i32)
i32;

BASI(ijnnD( FN DAQ_Trigger (deviceNumberé&, triggerChannel&, triggerSlopesg,
triggerlLevel&, timeouté&)
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Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

triggerChannelis the analog input channel number to trigger on in subsequent data acquisitions. If
triggerSlope is 0, no triggering is performed and this triggerChannelvalue is ignored. If SCXI is used, this
parameter should be the onboard channel number.

Range: 0 through n-1, where n is the number of analog input channels available.

triggerSlope is the slope to trigger on. Triggering is disabled by setting triggerSlope to 0.
0: no triggering is performed.
1: negative slope.
2: positive slope.

triggerLevel is the analog input value to trigger on. If triggerSlope is 0, no triggering is performed and
triggerLevel is ignored.

Refer to Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation, for the range of values
for triggerLevel

timeout is the number of ticks (60ths of a second) to wait for the occurrence of an analog trigger after data
acquisition starts. DAQ_Check, SCAN_Check, and Lab_ISCAN_Check return an error if analog input
trigger conditions are not met before the specified number of ticks expire. If timeout is 0, no time limit for
triggering is imposed, in which case data is not collected until trigger conditions are met.

If SCXI is being used, analog triggering is possible during single-channel acquisitions and during multiple-
channel scanning acquisitions if the SCXI modules are operated in Parallel mode. Analog triggering is not
possible during multiple-channel scanning if the SCXI modules are operated in Multiplexed mode. When
analog triggering is used with SCXI, the triggerChannelparameter specified refers to the DAQ board channel
number. Refer to Chapter 7, SCXI Functions, for more information on SCXI operating modes and channel
assignments.

Analog triggering is enabled for single-buffered data acquisitions (single-channel and multiple-channel scan) by
executing DAQ_Trigger with triggerSlope set to 2 (positive slope) or triggerSlope set to 1 (negative slope).
All subsequent calls to DAQ_ Start, SCAN_Start, SCAN_IntStart, or Lab_ISCAN_Start that acquire
data from triggerChannelwait for analog trigger conditions to be met before collecting the requested number of
samples. An analog trigger occurs when the analog input values are within the specified triggerSlope and
triggerLevel. If analog triggering is enabled and a data acquisition operation is performed on a channel other
than triggerChannel, then no triggering is performed before the samples are returned. Executing
DAQ_Trigger with triggerSlope set to 0 disables the analog triggering feature.

Analog triggering is implemented by software on the NB-MIO-16X, NB-MIO-16, PCI-MIO-16XE-50, Lab and
1200 series, DAQCard-500, and DAQCard-700. NI-DAQ for Macintosh inspects each sampled data point for
the trigger condition. When the trigger condition is met, the acquisition sequence specified by DAQ_Start,
SCAN_Start, SCAN_IntStart, or Lab_ISCAN_Start begins. The acquisition of data before the trigger
condition is met does not use any available DMA processor. Therefore, attempts to use analog triggering at
very high sampling rates may result in an overflow of the FIFO.

Note: DAQ_Trigger permits analog triggering for subsequent SINGLE-BUFFERED (DAQ_Start,
SCAN_Start, and SCAN_IntStart) data acquisition operations. See DAQ2Get, DAQ2TGet,
DAQ2Tap, and DAQ2TTap for enabling analog triggering with double-buffered (DAQ2) data
acquisition on an NB-MIO-16 or NB-MI10-16X.
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DAQ_VScale

Function
Converts the values of an array of acquired binary data and the gain setting for that data to actual input voltages
measured.

Synopsis

(ISyntax locus 132 DAQ_VScale (u32 deviceNumber, u32 channel, u32 gain, f64
gainAdjust, f64 offset, u32 count, 116 *readings, £f64
*voltages);

Pascal Syntax function DAQ_VScale (deviceNumber : i32; channel : i32; gain : 1i32;
gainAdjust : f64; offset : £64; count : i32; readings
pil6; voltages : pf64d) : 132;

BASIC Syntax | FN DAQ_VScale (deviceNumber&, channels, gaing, gainAdjust#, offset#,
counté&, readingsé&, voltagesé)

Description
channel is the onboard channel or AMUX channel on which the binary data was acquired. For devices other
than E Series devices, this parameter is ignored because the scaling calculation is the same for all of the
channels. However, you are encouraged to pass the correct channel number.

gain is the gain setting at which NI-DAQ acquired the data in binArray. If you used SCXI to take the reading,
this gain parameter should be the product of the gain on the SCXI module channel and the gain used by the
DAQ device.

gainAdjust is the multiplying factor to adjust the gain. Refer to Appendix E, Analog Input Channel and Gain
Settings and Voltage Calculation, for the procedure for determining gainAdjust. If you do not want to do any
gain adjustment, (for example, the ideal gain as specified by the parameter gain) you must set gainAdjust to 1.

offset is the binary offset that needs to be subtracted from reading. Refer to Appendix E, Analog Input Channel
and Gain Settings and Voltage Calculation, for the procedure for determining offset. If you do not want to do
any offset compensation, offset must be set to zero. The data type is double to allow for offset fractional LSBs.
For example, you could use DAQ_Op to acquire many samples from a grounded input channel and average
them to obtain the offset.

count is the length of binArray and voltArray.
binArray is an array of acquired binary data.

voltArray is an array of double-precision values returned by DAQ_VScale and is the voltage representation of
binArray.

Refer to Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation, for the formula used
by DAQ_VScale to calculate voltages from binary readings.
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Lab_ISCAN_Check

Function
Checks whether the current multiple-channel scanned data acquisition begun by the Lab_ISCAN_Start

function is complete and returns the status, the number of samples acquired to that point, and the scanning order
of the channels in the data array (DAQCard-500, DAQCard-700, and Lab and 1200 series boards only).

Synopsis

C Syntax locus 132 Lab_ISCAN_Check (u32 deviceNumber, ul6 *status, u32
*retrieved, ul6 *scanOrder);

Pascal Syntax function Lab_ISCAN_Check (deviceNumber : i32; var status : 1l16; var
retrieved : i32; scanOrder : pil6) : i32;

BASIC Syntax | FN Lab_ISCAN_Check (deviceNumber&, status&, retrieved&, scanOrderé&)

Description
daqStopped returns an indication of whether the data acquisition has completed.
1: The data acquisition operation has stopped. Either NI-DAQ has acquired all the samples or an error has
occurred.
0: The data acquisition operation is not yet complete.

retrieved indicates the progress of an acquisition. The meaning of retrieved depends on whether you have
enabled pretrigger mode (see DAQ_Pretrig) .

If pretrigger mode is disabled, retrieved returns the number of samples collected by the acquisition at the time
of the call to Lab_ISCAN_Check. The value of retrieved increases until it equals the total number of
samples to be acquired, at which time the acquisition terminates.

However, if pretrigger mode is enabled, retrieved returns the offset of the position in your buffer where
NI-DAQ places the next data point when the function acquires. After the value of retrieved reaches count - 1
and rolls over to 0, the acquisition begins to overwrite old data with new data. When you apply a signal to the
stop trigger input, the acquisition collects an additional number of samples specified by ptsAfterStoptrig in the
call to DAQ_Pretrig and then terminates. When Lab_ISCAN_Check returns a status of 1, retrieved
contains the offset of the oldest data point in the array (assuming that the acquisition has written to the entire
buffer at least once). In pretrigger mode, Lab_ISCAN_Check automatically rearranges the array upon
completion of the acquisition so that the oldest data point is at the beginning of the array. Thus, retrieved
always equals O upon completion of a pretrigger mode acquisition. Since the stop trigger can occur in the
middle of a scan sequence, the acquisition can end in the middle of a scan sequence. So, when the function
rearranges the data in the buffer, the first sample may not belong to the first channel in the scan sequence. You
can examine the finalScanOrder array to find out the way the data is arranged in the buffer.

finalScanOrder is an array that indicates the scan channel order of the data in the buffer passed to
Lab_ISCAN_Start. The size of finalScanOrder must be at least equal to the number of channels scanned.
This parameter is valid only when NI-DAQ returns daqStopped as 1 and is useful only when you enable
pretrigger mode.

If you do not use pretrigger mode, the values contained in finalScanOrder are, in single-ended mode, n-1, n-2,
...1, 0 to 0, in that order, and in differential mode, 2*(n-1), 2*(n-2), ..., 2, 0, in that order, where »n is the number
of channels scanned. For example, if you scanned three channels in single-ended mode, the finalScanOrder
returns:

finalScanOrder[0] = 2.

finalScanOrder[1] = 1.

finalScanOrder[2] = 0.
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So the first sample in the buffer belongs to channel 2, the second sample belongs to channel 1, the third sample
belong to channel 0, the fourth sample belongs to channel 2, and so on. This is the scan order expected from the
device and finalScanOrder is not useful in this case.

If you use pretrigger mode, the order of the channel numbers in finalScanOrder depends on where in the scan
sequence the acquisition ended. This can vary because the stop trigger can occur in the middle of a scan
sequence, which would cause the acquisition to end in the middle of a scan sequence so that the oldest data
point in the buffer can belong to any channel in the scan sequence. Lalb_ISCAN_Check rearranges the buffer
so that the oldest data point is at index 0 in the buffer. This rearrangement causes the scanning order to change.
This new scanning order is returned by finalScanOrder. For example, if you scanned three channels, the
original scan order is channel 2, channel 1, channel 0, channel 2, channel 1, channel 0, and so on. However,
after the stop trigger, if the acquisition ends after taking a sample from channel 1, the oldest data point belongs
to channel 0. So finalScanOrder returns:

finalScanOrder[0] = 0.

finalScanOrder[1] = 2.

finalScanOrder[2] = 1.

So the first sample in the buffer belongs to channel 0, the second sample belongs to channel 2, the third sample
belongs to channel 1, the fourth sample belongs to channel 0, and so on.

Lab_ISCAN_Check checks the current background data acquisition operation to determine whether it has
completed and returns the number of samples acquired at the time that you called Lalb_ISCAN_Check. If the
operation is complete, Lab_ISCAN_Check sets daqStopped = 1. Otherwise, daqStopped is set to 0. Before
Lab_ISCAN_Check returns daqStopped = 1, it calls DAQ_Clear, allowing another Start call to execute
immediately.

If Lab_ ISCAN_Check returns an overFlowError or an overRunError, NI-DAQ has terminated the data
acquisition operation because of lost A/D conversions due to a sample rate that is too high (sample interval was
too small). An overFlowError indicates that the A/D FIFO memory overflowed because the data acquisition
servicing operation was not able to keep up with sample rate. An overRunError indicates that the data
acquisition circuitry was not able to keep up with the sample rate. Before returning either of these error codes,
Lab_ISCAN_Check calls DAQ_Clear to terminate the operation and reinitialize the data acquisition
circuitry.
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Lab_ISCAN_Start

Function
Initiates a multiple-channel scanned data acquisition operation and stores its input in an array (DAQCard-500,
DAQCard-700, and Lab and 1200 series only).

Synopsis

C Syntax locus i32 Lab_ISCAN_Start (u32 deviceNumber, u32 channelCount, u32
gain, 116 *buffer, u32 count, u32 timebase, u32
sampleInterval, u32 scanlInterval);

Pascal Syntax function Lab_ISCAN_Start (deviceNumber : 1i32; channelCount : 1i32;
gain : 132; buffer : pil6; count : i32; timebase : i32;
sampleInterval : i32; scanInterval : i32) : i32;

BASIC Syntax | FN Lab_ISCAN_Start (deviceNumber&, channelCount&, gaing, buffers,
counté&, timebase&, samplelIntervalé&, scanIntervalg)

Description
channelCount is the number of channels to be scanned in a single scan sequence. The value of this parameter
also determines which channels NI-DAQ scans because these supported devices have a fixed scanning order.
The scanned channels range from channelCount - 1 to channel 0. If you are using SCXI modules with
additional multiplexers, you must scan the appropriate analog input channels on the DAQ device that
corresponds to the SCXI channels you want. You should select the SCXI scan list using SCXI_SCAN_Setup
before you call this function.
Range:
Lab and 1200 Series:
1 through 4 in differential mode (except on the Lab-NB and Lab-LC)
1 through 8 in single-ended mode.
DAQCard-500
0 through 7 (single-ended)
DAQCard-700
0 through 15 (single-ended)
0 through 7 (differential)

gain is the gain setting to be used for the scanning operation. NI-DAQ applies the same gain to all the channels
scanned. This gain setting applies only to the DAQ device; if you are using SCXI modules with additional gain
selection, you must establish any gain you want at the SCXI module either by setting jumpers on the module or
by calling SCXI_Set_Module_Gain. The following gain settings are valid: 1, 2, 5, 10, 20, 50, 100. If you
use an invalid gain setting, NI-DAQ returns an error.

buffer is an integer array . buffer must have a length equal to or greater than count.

count is the total number of samples to be acquired (that is, the number of A/D conversions to be performed).
For double-buffered acquisitions, count must be even.
Range: 3 through 232 - 1

timebase is the timebase, or resolution, to be used for the sample-interval counter. The sample-interval counter
controls the time that elapses between acquisition of samples within a scan sequence.

timebase has the following possible values:

1 MHz clock used as timebase (1 ps resolution).
100 kHz clock used as timebase (10 ps resolution).
10 kHz clock used as timebase (100 ps resolution).
1 kHz clock used as timebase (1 ms resolution).
100 Hz clock used as timebase (10 ms resolution).

AR AN

If sample-interval timing is to be externally controlled, NI-DAQ ignores timebase and the parameter can be any
value.
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samplelnterval indicates the length of the sample interval (that is, the amount of time to elapse between each
A/D conversion within a scan sequence).
Range: 2 through 65,535.

The sample interval is a function of the timebase resolution. NI-DAQ determines the actual sample interval in
seconds by the following formula:

samplelnterval * (sample timebase resolution)

where the sample timebase resolution is equal to one of the values of timebase as specified above. For example,
if sampleInterval = 25 and timebase = 2, the actual sample interval is 25 * 10 ps = 250 ps. The total sample
interval (the time to complete one scan sequence) in seconds is the actual sample interval * number of channels
scanned. If the sample interval is to be externally controlled by conversion pulses applied to the EXTCONV*
input, NI-DAQ ignores the sampleInterval and the parameter can be any value.

scanInterval indicates the length of the scan interval. This is the amount of time to elapse between scans. The
function performs a scan each time NI-DAQ samples all channels in the scan sequence. Therefore, scanInterval
must be greater than or equal to sampleInterval * channelCount +5 us. This value must be 0 for the Lab-LC
and Lab-NB because scanInterval is not supported for these boards.
Range: 0 and 2 through 65,535.
A value of 0 disables interval scanning.

If you did not specify external sample-interval timing by the DAQ_Config call, NI-DAQ sets the sample-
interval counter to the specified sampleInterval and timebase, and sets the sample counter up to count the
number of samples acquired and to stop the data acquisition process when the number of samples acquired
equals count. If you have specified external sample-interval timing, the data acquisition circuitry relies on
pulses received on the EXTCONV* input to initiate individual A/D conversions.

Lab_ISCAN_Start initializes a background data acquisition process to handle storing of A/D conversion
samples into the buffer as NI-DAQ acquires them. When you use posttrigger mode (with pretrigger mode
disabled), the process stores up to count A/D conversion samples into the buffer and ignores any subsequent
conversions. The order of the scan is from channel n-1 to channel 0, where n is the number of channels being
scanned. For example, if channelCount is 3 (that is, you are scanning three channels), NI-DAQ stores the data
in the buffer in the following order:

First sample from channel 2, first sample from channel 1, first sample from channel 0, second sample from
channel 2, and so on.

You cannot make the second call to Lab_ISCAN_Start without terminating this background data acquisition
process. If a call to Lab_ISCAN_ Check returns daqStopped = 1, the samples are available and NI-DAQ
terminates the process. In addition, a call to DAQ_Clear terminates the background data acquisition process.
Notice that if a call to Lab_ ISCAN_ Check returns overFlowError or overRunError, or daqStopped = 1,
the process is automatically terminated and there is no need to call DAQ_Clear.

If you enable pretrigger mode, Lab_ ISCAN_Start initiates a cyclical acquisition that continually fills the
buffer with data, wrapping around to the start of the buffer once NI-DAQ has written to the entire buffer. When
you apply the signal at the stop trigger input, Lab_ISCAN_Start acquires an additional number of samples
specified by the ptsAfterStoptrig parameter in DAQ_StopTrigger_Config and then terminates.

Since the trigger can occur at any point in the scan sequence, the scanning operation can end in the middle of a
scan sequence. See the description for Lab_ISCAN_Check to determine how NI-DAQ rearranges the buffer
after the acquisition ends. When you enable pretrigger mode, the length of the buffer, which is greater than or
equal to count, should be an integral multiple of channelCount.

If you have selected external start triggering of the data acquisition operation, a low-to-high edge at the
EXTTRIG I/O connector input initiates the data acquisition operation after the Lab_ISCAN_Start call is
complete. Otherwise, Lab_ISCAN_Start issues a software trigger to initiate the data acquisition operation
before returning.
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SCAN_Check

Function
Checks to see whether the current scanned data acquisition operation is complete, and returns its status.

Synopsis

C Syntax locus 132 SCAN_Check (u32 deviceNumber, ul6 *status);

Pascal Syntax function SCAN_Check (deviceNumber : i32; var status : il16) : 1i32;

BASIC Syntax | FN SCAN_Check (deviceNumber&, statusé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

status returns an indication of whether the data acquisition operation has completed.
1: the data acquisition operation is complete.
0: the scanned data acquisition operation is not yet complete.

SCAN_Check checks the current background scanned data acquisition operation to determine whether it has
completed. If the operation is complete, SCAN_Check sets status to 1. Otherwise, status is set to 0. If the
acquisition is single-buffered, then the data is available in the buffer when status is 1. If the acquisition is
double-buffered in continuous mode, status will always return 0. If the acquisition is double-buffered in
noncontinuous mode, status will return 1 only when the entire acquisition is complete.

If SCAN_Check returns an overFlowError or an overRunError, the data acquisition operation may never
complete because of lost A/D conversions due to samples being acquired too rapidly (sample interval was too
small). An overFlowError indicates that the A/D FIFO overflowed because the data acquisition servicing
operation was not able to keep up with the sample rate. An overRunError indicates that the data acquisition
circuitry was not able to keep up with the sample rate. If one of these errors occurs, then SCAN_Check
executes DAQ_Clear to terminate the operation and to clear all error flags.

If NI-DAQ for Macintosh is configured for double-buffered mode, an overWriteErr can occur. An

over WriteErr indicates that the large circular acquisition buffer used for double-buffered acquisitions
overwrote acquired data before it was retrieved by DAQ2Get, DAQ2TGet, DAQ2Tap, or DAQ2TTap. An
overwrite error can be corrected by increasing the size of the large acquisition buffer, retrieving more data each
time, retrieving data more often, decreasing the size of the smaller dividing blocks, or reducing the sampling
rate. The large acquisition buffer and smaller dividing block sizes are configured in DAQ2Config.

An error occurs if analog triggering has been enabled (see DAQ_Trigger) and analog trigger conditions are
not met before the specified timeout value expires.

© National Instruments Corporation 6-29  NI-DAQ Software Reference Manual for Macintosh



Data Acquisition Functions

SCAN_Demux

Function

Chapter 6

Demultiplexes data acquired by a SCAN operation into separate arrays for each channel (C and Pascal only).

Synopsis

C Syntax locus 132 SCAN_Demux (u32 deviceNumber, il6 *inputBuffer, u32 count,
i1l6 **outputBufferArray);

Pascal Syntax function SCAN_Demux (deviceNumber : i32; inputBuffer : pil6; count
i32; outputBufferArray : ppil6) : i32;

BASIC Syntax | FN SCAN_Demux (deviceNumberé&, inputBuffers&, countg,
outputBufferArrayé&)

Description

NI-DAQ Software Reference Manual for Macintosh 6-30

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

inputBuffer is a pointer to an array returned by a SCAN operation.
count is the number of samples contained in inputBuffer.

outputBufferArray is an array of pointers to integer buffers. The length of outputBufferArray is the total
number of scanned channels as specified in the latest Lab_ISCAN_Start or SCAN_Setup call. The length
of each integer array is expected to be count divided by the total number of scanned channels.

Note: The channelCount and channel/i] values specified in SCAN_Setup refer to the NB-MI0O-16 or
NB-MI0-16X onboard channel numbers (from 0 through 15). If one or more external boards
(AMUX-64Ts) are used, then the total number of scanned channels equals (four-to-one multiplexer)
« (the number of onboard channels scanned) * (the number of external multiplexer boards), or the
total number of scanned channels equals (4) + (channelCount) = (muxMode). If SCXI was used to
acquire the data in Multiplexed mode, the total number of channels scanned was determined by the
channelCount array in the SCXI_SCAN_Setup call.

SCAN_Demux demultiplexes the buffer returned by a SCAN operation by copying the A/D conversions taken
from each channel in the scan sequence into a separate buffer for each channel. Figures 6-2 and 6-3 show how
SCAN_Demux copies from inputBuffer to the separate buffers pointed to by outputBufferArray.
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Buffer
# Parray 0 1 2 3

o [ cui# Lol prri | [ PRz | [ PR3 | [ PIR4 |
1 | cH3# ‘ # + ‘
2 CH4 #1

ol crHi# | o] cH3#1 | o| cHa#m ol cH7#1
3 CH7 #1

1| cH1# 1| caz3# | 1| cH4# I cu7#
4 CHI #2 ’ )

CHI #3 CH3 #3

5 CH3 #2 . .
6 | CH4# . . :
7 | cHT#2
8 | cH1#3
9 CH3 #3 num_chans =4

Figure 6-2. SCAN_Demux Buffer Translation for the NB-MIO-16 and NB-MIO-16X

Figure 6-2 shows the case for channelCount = 4 and for a channel = {1, 3, 4, 7} using an NB-MIO-16 or
NB-MIO-16X. CHI1 #1 represents the first sample for channel 1, while CH3 #2 represents the second sample
for channel 3, and so on. outputBufferArray is supplied by the user and contains four elements labeled PTR1,
PTR2, PTR3, and PTR4. PTRI1 points to the integer buffer for the first channel in the scan sequence (in this
case channel 1). PTR2 points to the second channel in the scan sequence, and so on.

Buffer
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Figure 6-3. SCAN_Demux Buffer Translation for the Lab and 1200 Series
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Figure 6-3 shows the case for channelCount = 4 and scan_order = {1, 0, 3, 2} returned by
Lab_ISCAN_Check using a Lab and 1200 series board. CH3 #1 represents the first sample for channel 3,
while CHO #2 represents the second sample for channel 0, and so on. outputBufferArray is supplied by the
user and contains four elements labeled PTR1, PTR2, PTR3, and PTR4. PTR1 points to the integer buffer for
the first channel in the final scan order (in this case, channel 1. PTR2 points to the second channel in the final
scan order, and so on.

Once SCAN_Demux is used to demultiplex the buffer returned by the SCAN operation, DAQ_Scale can be
used to scale each channel buffer.

SCAN _IntStart

Function

Initiates a multiple-channel scanned data acquisition operation with internal scanning. This function can also be
used to define a scan internal for the NB-MIO-16 under certain conditions that are defined in the section
Interval Scanning with the NB-MIO-16.

Synopsis

C Syntax locus i32 SCAN_IntStart (u32 deviceNumber, il6 *buffer, u32 count,
u32 sampleTimebase, u32 sampleInterval, u32 scanTimebase,
u32 scanlInterval);

Pascal Syntax function SCAN_IntStart (deviceNumber : i32; buffer : pil6; count :
i32; sampleTimebase : i1i32; samplelInterval : i32;
scanTimebase : i32; scanInterval : i32) : i32;

BASIC Syntax | FN SCAN_IntStart (deviceNumber&, buffers, counts, sampleTimebaseg,
sampleInterval&, scanTimebase&, scanIntervalég)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

buffer is a buffer of length count. When SCAN_Check returns status = 1, then buffer contains the acquired
data. The elements of buffer are the results of each A/D conversion in the scanned data acquisition operation.

Note: If NI-DAQ for Macintosh has been configured for double-buffered mode (see DAQ2Config), then
this buffer parameter is not used and must be 0. The larger buffer allocated by DAQ2Configis
used as the acquisition buffer for double-buffered acquisitions. DAQ2Get, DAQ2TGet, DAQ2Tap,
and DAQ2TTap can then be used to acquire blocks of data from the double-buffered acquisition in
progress. (See Starting a Double-Buffered Acquisition with SCAN_IntStart.)

count is the number of samples to be acquired (that is, the number of A/D conversions to be performed).
Range: 3 through 231-1. (With DMA the range is limited to 3 through 223.) (except the E Series)
2 through 224 x (total number of channels scanned) or 232-1, whichever is less (E Series)

count must be an integer multiple of the total number of channels scanned. count refers to the fofal number of
A/D conversions to be performed.

The channelCount and channel[i] values specified in SCAN_Setup refer to the MIO onboard channel
numbers (from O through 15). If one or more external boards (AMUX-64Ts) are used, then the total number of
scanned channels equals (four-to-one multiplexer) * (the number of onboard channels scanned) : (the number
of external multiplexer boards), or the total number of scanned channels equals (4) * (channelCount) *
(muxMode). If SCXI was used to acquire the data in Multiplexed mode, the total number of channels scanned
was determined by the channelCount array in the SCXI_SCAN_Setup call.
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Note: If NI-DAQ for Macintosh is configured for CONTINUOUS double-buffered mode (see
DAQ2Config), then this count parameter is ignored and should be 0. In continuous mode, the
total number of samples to acquire is not specified and the data acquisition runs continuously until
you stop the process by executing DAQ_Clear or DAQ2Clear. (See Starting a Double-Buffered
Acquisition with SCAN_IntStart.)

sampleTimebase is the resolution to use for the sample-interval counter. If sample-interval timing is to be
externally controlled, the sampleTimebase parameter is ignored and can be any value.

scanTimebase is the resolution to use for the scan-interval counter.
sampleTimebase and scanTimebase have the following possible values:

Most devices:

External clock used as timebase (SOURCES input).
1-MHz clock used as timebase (1-us resolution).
100-kHz clock used as timebase (10-us resolution).
10-kHz clock used as timebase (100-us resolution).
1-kHz clock used as timebase (1-ms resolution).
100-Hz clock used as timebase (10-ms resolution).

AR o

E Series:

-3: 20-MHz clock used as timebase (50-ns resolution).

0: If you use this function with the timebase set at 0, you must call Select_Signal with signal set to
ND_IN_SCAN_CLOCK_TIMEBASE (not ND_IN_CHANNEL_CLOCK_TIMEBASE), and source set to
a value other than ND_INTERNAL_20_MHZ and ND_INTERNAL_100_KHZ before calling
DAQ_Start with timebase set to 0; otherwise, DAQ_Start will select low-to-high transitions on the
PFI 8 1/O connector pin as your external timebase.

2: 100 kHz clock used as timebase (10 ps resolution).

samplelnterval indicates the length of the sample interval (that is, the amount of time to elapse between each
A/D conversion).
Range: 2 through 65,536.

The sample interval is a function of the timebase resolution. The actual sample interval in seconds is
determined by the following formula:

samplelnterval * (timebase resolution)

where the timebase resolution for each value of timebase is as indicated earlier in this function description; that
is, if sampleInterval = 25 and timebase = 2, then the sample interval is 25 * 10 pus = 250 ps. If the sample
interval is to be externally controlled, the sampleInterval parameter is ignored and can be any value.

scanInterval indicates the length of the scan interval (that is, the amount of time to elapse between samples on
any one channel).
Range: 2 through 65,536.
2 through 224 (E Series)

The scan interval is a function of the timebase resolution. The actual scan interval in seconds is determined by
the following formula:

scanInterval * (scan timebase resolution)
where the scan timebase resolution for each value of timebase is as specified earlier in this function description.

That is, if scanInterval = 25 and scanTimebase = 2, then the scan interval is 25 * 10 us = 250 ps. If the
samples interval is to be externally controlled, the scanInterval parameter is ignored and can be any value.
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Interval scanning has the advantage of simulating simultaneous sampling of a group of channels once every
scan interval. A comparison of the scan interval and the sample interval is shown in Figure 6-4.

Sample Sample
Interval Interval
+——> +——>

/Channel 0

AN 7

Scan Intervals

| o—

-

Figure 6-4. Scan and Sample Intervals

If a DMA is not detected in the system, then interrupts are used to acquire the data. Double-buffered
acquisitions using interrupts require a sampling interval of at least 120 us. An overFlowError is returned if no
DMA is used and the sampling interval is less than 120 ps for double-buffered acquisitions. (See Starting a
Single-Buffered Acquisition with SCAN_IntStart if faster sampling rates are needed for non-DMA
acquisitions.)

Note: For scanned data acquisition, the sample interval still refers to the period of time between each A/D
conversion. The sample interval per channel is equal to (sample interval) + (channelCount); that is,
each entry in the scan sequence is sampled once every (sample interval) = (channelCount) seconds.

SCAN_IntStart initiates a multiple-channel data acquisition either in single-buffered or double-buffered
mode. For both modes, SCAN_IntStart initializes the Mux-Gain Memory Table to point to the start of the
scan sequence as specified by SCAN_Setup. If external sample interval timing is not selected in the
DAQ_Config call, the sample-interval counter is set to the specified sampleInterval and timebase
parameters. If external sample-interval timing has been selected, the data acquisition circuitry relies on pulses
received on the EXTCONV* input to initiate individual A/D conversions, and the sampleInterval and
timebase parameters are ignored.

SCAN_IntStart initializes a background process to handle storage of A/D conversions as they occur. If a
DMA board is detected in the system, a DMA process is initialized to handle data acquisition. If no DMA
board is detected, an interrupt routine is initialized to handle data acquisition. In either case, the background
process handles incoming data after SCAN_IntStart has returned. The acquired samples are stored into the
buffer with the channel scan sequence data interleaved; that is, the first sample is the conversion from the first
channel, the second sample is the conversion from the second channel, and so on.

If external gating has been selected for the data acquisition operation, a signal at the EXTGATE I/O connector
input controls the sample-interval counter. When the EXTGATE signal is high, the sample-interval counter is
enabled, causing A/D conversions to occur. When the EXTGATE signal is low, the sample-interval counter is
suspended, and no A/D conversions occur. External gating is available only on the NB-MIO-16.
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Starting a Single-Buffered Acquisition with SCAN_IntStart

In a single-buffered acquisition, the SCAN_IntStart call specifies the number of samples to acquire (count)
and an integer array to store the acquired data (buffer). After SCAN_IntStart has returned, the background
process stores up to count A/D conversions in the buffer and ignores any subsequent conversions. The
acquired samples are available when the SCAN_ Check call returns status = 1. A second call to
SCAN_IntStart cannot be made without terminating this background process. If a call to SCAN_Check
returns status = 1, the samples are available and the process is terminated. A call to DAQ_Clear also
terminates a background data acquisition process.

Starting a Double-Buffered Acquisition with SCAN_IntStart

In a double-buffered acquisition, data can be returned from an acquisition in progress without interrupting the
acquisition. NI-DAQ for Macintosh can be configured for double-buffered mode by executing DAQ2Config
before SCAN_IntStart is called. DAQ2Config allocates a large internal circular buffer for the data storage
and configures subsequent data acquisitions for double-buffered mode.

In double-buffered mode, SCAN_IntStart ignores the buffer parameter. Once SCAN_IntStart
completes with error = 0, NI-DAQ for Macintosh acquires and stores the A/D conversions in the large buffer
allocated by DAQ2Config. This buffer is treated as a circular buffer and is continually filled with data until
count samples are acquired. If continuous double-buffered mode has been specified in DAQ2Conf1ig, then the
total number of samples is not specified and the count value in SCAN_IntStart isignored. The data
acquisition runs continuously until the process is stopped by executing DAQ_Clear or DAQ2Clear.

Smaller blocks of data, ranging in size from 1 sample to the number of samples in the buffer, can be retrieved
from the large internal buffer without interrupting the acquisition by repeatedly executing the DAQ2Get,
DAQ2TGet, DAQ2Tap, and DAQ2TTap retrieval functions. An integer array to store the acquired data and the
number of samples to retrieve are passed to the retrieval functions. The array is returned with a copy of a block
of data from the internal circular buffer. (See the descriptions of DAQ2Get, DAQ2TGet, DAQ2Tap, and
DAQ2TTap for more information on retrieving double-buffered data.)

Using SCAN_IntStart to Start a Trigger Acquisition Using Single-Buffered Mode

NI-DAQ for Macintosh can be configured for external hardware triggering using DAQ_Config. If you select
external triggering for the data acquisition operation, a high-to-low edge at the STARTTRIG* input on the
NB-MIO-16X initiates the data acquisition operation after the SCAN_IntStart call is complete. Otherwise,
SCAN_IntStart issues a software trigger to initiate the data acquisition operation before returning.

Data acquisition also can be triggered on the slope and level of the analog input values. DAQ_Trigger stores
trigger information and enables triggering on analog input values for subsequent single-buffered acquisitions.
When executing DAQ_Trigger, you indicate a trigger channel, slope, and level. A trigger occurs when the
analog input values of the trigger channel are within the specified slope and level.

If a single-buffered acquisition is started with triggering enabled, SCAN_Int Start waits for trigger
conditions to be met before collecting the array of sample data.

Pretriggering can be implemented on the NB-MIO-16X for single-buffered acquisitions. With pretriggering, a
data acquisition is stopped when a specified number of samples have been acquired after the occurrence of an
external stop trigger. See the description of DAQ_PreTrig for more information on pretriggering with the
NB-MIO-16X.
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Using SCAN_IntStart to Start a Trigger Acquisition Using Double-Buffered Mode

NI-DAQ for Macintosh can be configured for external hardware triggering for double-buffered mode by using
DAQ_Config.

If external triggering is disabled (in DAQ_Config) on the NB-MIO-16X, a software trigger is issued to initiate
each block of the data acquisition operation. Otherwise, if you select external triggering for the data acquisition
operation, a high-to-low edge at the STARTTRIG* I/O connector input on the NB-MIO-16X, initiates each
block of the data acquisition operation after SCAN_IntStart begins execution. When a high-to-low edge is
received, the number of samples in a block (specified in DAQ2Config) are then acquired. NI-DAQ for
Macintosh then waits for another high-to-low edge before the next block of data is acquired.

Data acquisition also can be triggered on the slope and level of the analog input values. For double-buffered
acquisition, triggering conditions can be specified for each retrieved block of data. A trigger channel, slope, and
level can be specified in the DAQ2Get, DAQ2TGet, DAQ2Tap, and DAQ2TTap functions to implement
condition triggering for double-buffered acquisitions. A trigger occurs when the analog input values of the
trigger channel are within the specified slope and level.

Once the multiple-channel buffer of data is acquired, DAQ_Scale can be used to scale the 16-bit values in the
buffer array to the actual voltages measured. DAQ_Scale must be passed a one-dimensional array of data
acquired from one channel.

Interval Scanning with the NB-MIO-16

To perform multiple-channel scanned acquisitions using the SCXI-1140 module, interval scanning must be
used. If an SCXI_SCAN_Setup call has been made to set up an SCXI scan that includes an SCXI-1140
module, then the SCAN_IntStart call is able to implement interval scanning on the NB-MIO-16. In this
special case, the sample timebase and the scan timebase specified must be the same.

SCAN_Setup

Function
Initializes the circuitry on the NB-MIO-16, E Series or NB-MIO-16X for a scanned data acquisition operation.
Initialization includes storing a table of the channel sequence and gain setting for each channel.

Synopsis

C Syntax locus i32 SCAN_Setup (u32 deviceNumber, u32 channelCount, ulé6
*channels, ulé *gains, u32 muxMode) ;

Pascal Syntax function SCAN_Setup (deviceNumber : i32; channelCount : i32;
channels : pil6; gains : pil6; muxMode : 132) : i32;

BASIC Syntax | FN SCAN_Setup (deviceNumber&, channelCounté&, channels&, gainsg,
muxModeé&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

channelCount indicates the number of onboard channels to be scanned during the data acquisition scan
operation.
Range:
2,4, 8, 16 (NB-MIO-16)
1 through 16 (NB-MIO-16X)
1 through 512 (E Series)
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channel is an integer array of length channelCount that contains the channel scan sequence to be followed.
channel can contain any onboard analog input channel number from 0 through 15 in any order. For example, if
channelCount is 4 and if the second element in the channel is 7, then the second channel to be scanned is
analog input channel 7 and four analog input channels are scanned.

Note: channelCount and channel/i] values refer to the onboard channel numbers (range: 0 through 15).

If one or more external boards (AMUX-64T) are used, then the total number of scanned channels
equals (four-to-one multiplexer) : (the number of onboard channels scanned) * (the number of
external multiplexer boards), or the total number of scanned channels equals (4) = (channelCount)
x (muxMode). For example, if one external board (AMUX-64T) is used and eight onboard
channels are scanned, then the total number of channels is equal to (4) = (8) = (I) = 32.

If SCXI is being used, you must scan the appropriate analog input channels on the DAQ board that
correspond to the desired SCXI channels. Please refer to Chapter 7, SCXI Functions, for more
information on SCXI channel assignments.

gain is an integer array of length channelCount that contains the gain setting to be used for each channel
specified in channel. This gain setting applies only to the DAQ board; if SCXI is used, any gain desired at the
SCXI module must be established either by setting jumpers on the module or by calling SCXI_Set_Gain.

Refer to Appendix E, Analog Input Channel and Gain Settings and Voltage Calculation, for valid gain settings.

For example, if channelCount is 8 and the sixth element in the gain is 10 (assuming an NB-MIO-16L or
NB-MIO-16XL board), then when the sixth channel is scanned, the gain circuitry is set to a gain of 10 and eight
analog input channels are scanned. Notice also that gain[i] corresponds to channel[:].

Another example (using C) is, if gain[2] = 100 and channel[2] = 3, then the third channel to be scanned is
analog input channel 3 and its gain is set to 100.

muxMode indicates the number of external multiplexer boards connected to the MIO board. An external
multiplexer board (AMUX-64T) can be used to expand the number of analog input signals that can be measured
with the MIO board. (See the AMUX-64T User Manual for more information on the external multiplexer
board.) This parameter is not used when SCXI is used.
Valid values:
0,1,2,and 4.
The default value is 0.

Note: The default value of muxMode was changed in the Version 2.0 of NI-DAQ for Macintosh. If no
AMUX-64T boards are being used, then muxMode should be 0.

SCAN_ Setup stores the channelCount, channel, and gain in the Mux-Gain Memory Table on the MIO board.
This memory table is used during scanning operations to automatically sequence through an arbitrary set of
analog input channels and to automatically change gains during scanning.

SCAN_Setup needs to be called initially to set up a scan sequence for scanned operations and needs to be
subsequently called only when you want a different scan sequence. If DAQ_Start or AI_Read is called, the
Mux-Gain Memory Table on the MIO board is modified; therefore, SCAN_Setup should be used again after
these calls to reinitialize the scan sequence.
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SCAN_Start

Function
Initiates a multiple-channel scanned data acquisition operation on an MIO board.

Synopsis

C Syntax locus i32 SCAN_Start (u32 deviceNumber, il6 *buffer, u32 count, u32
timebase, u32 samplelnterval);

Pascal Syntax function SCAN_Start (deviceNumber : i132; buffer : pil6; count
i32; timebase : i32; samplelnterval : i32) : i32;

BASIC Syntax | FN SCAN_Start (deviceNumber&, bufferé&, counté&, timebaseg,
sampleIntervalég)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

buffer is a buffer of length count. When SCAN_ Check returns status = 1, then buffer contains the acquired
data. The elements of buffer are the results of each A/D conversion in the scanned data acquisition operation.

Note: If NI-DAQ for Macintosh has been configured for double-buffered mode (see DAQ2Config), then
this buffer parameter is not used and must be 0. The larger buffer allocated by DAQ2Config is
used as the acquisition buffer for double-buffered acquisitions. DAQ2Get, DAQ2TGet, DAQ2Tap,
and DAQ2TTap can then be used to acquire blocks of data from the double-buffered acquisition in
progress. (See Starting a Double-Buffered Acquisition with SCAN_Start.)

count is the number of samples to be acquired (that is, the number of A/D conversions to be performed).
Range: 3 through 231-1. (With DMA, the range is limited to 3 through 223.) (Except E Series)
2 through 224 x (total number of channels scanned) or 232-1, whichever is less (E Series)

count must be an integer multiple of the total number of channels scanned (channelCount). count refers to the
total number of A/D conversions to be performed; therefore, the number of samples acquired from each channel
is equal to count divided by channelCount.

Note: If NI-DAQ for Macintosh is configured for continuous double-buffered mode (see DAQ2Config),
then the count parameter is ignored and should be 0. In continuous mode, the total number of
samples to acquire is not specified and the data acquisition runs continuously until you stop the
process by executing DAQ_Clear or DAQ2Clear. (See Starting a Double-Buffered Acquisition with
SCAN_Start.)

timebase is the resolution to use for the sample-interval counter. timebase has the following possible values:

Most devices:

External clock used as timebase (SOURCES input).
1-MHz clock used as timebase (1-us resolution).
100-kHz clock used as timebase (10-us resolution).
10-kHz clock used as timebase (100-us resolution).
1-kHz clock used as timebase (1-ms resolution).
100-Hz clock used as timebase (10-ms resolution).

A S T
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E Series:

-3: 20-MHz clock used as timebase (50-ns resolution).

0: If you use this function with the timebase set at 0, you must call Select_Signal with signal set to
ND_IN_SCAN_CLOCK_TIMEBASE (not ND_IN_CHANNEL_CLOCK_TIMEBASE), and source set to
a value other than ND_INTERNAL_20_MHZ and ND_INTERNAL_100_KHZ before calling
DAQ_Start with timebase set to 0; otherwise, DAQ_Start will select low-to-high transitions on the
PFI 8 I/O connector pin as your external timebase.

2: 100 kHz clock used as timebase (10 ps resolution).

If sample-interval timing is to be externally controlled, the timebase parameter is ignored and can be any value.
When using external timing sources with the NB-MIO-16X, be sure to call MIO_16X_Config before starting
the acquisition.

samplelnterval is the length of the sample interval (that is, the amount of time to elapse between each A/D
conversion).
Range: 2 through 65,536.
2 through 224 ( E Series)

The sample interval is a function of the timebase resolution. The actual sample interval in seconds is
determined by the following formula:

samplelnterval * (timebase resolution)

where the timebase resolution for each value of timebase is as indicated above. That is, if sampleInterval = 25
and timebase = 2, then the sample interval is 25 * 10 us = 250 ps. If the sample interval is to be externally
controlled, the sampleInterval parameter is ignored and can be any value.

If an NB-DMA-8-G or NB-DMA2800 is not detected in the system, then interrupts are used to acquire the data.
Double-buffered acquisitions using interrupts require a sampling interval of at least 120 us. An overFlowError
is returned if no DMA is used and the sampling interval is less than 120 us for double-buffered acquisitions.
(See Starting a Single-Buffered Acquisition with SCAN_Start if faster sampling rates are needed for non-DMA
acquisitions.)

Note: For scanned data acquisition, the sample interval still refers to the period of time between each A/D
conversion. The sample interval per channel is equal to (sample interval) + (channelCount); that is,
each entry in the scan sequence is sampled once every (sample interval) = (channelCount) seconds.

SCAN_Start initiates a multiple-channel data acquisition operation either in single-buffered or double-
buffered mode. For both modes, SCAN_Start initializes the Mux-Gain Memory Table to point to the start of
the scan sequence as specified by SCAN_Setup. If external sample-interval timing is not specified in the
DAQ_Config call, the sample-interval counter is set to the specified sampleInterval and timebase
parameters. If external sample-interval timing has been selected, the data acquisition circuitry relies on pulses
received on the EXTCONV* input to initiate individual A/D conversions, and the sampleInterval and
timebase parameters are ignored.

SCAN_Start initializes a background process to handle storage of A/D conversions as they occur. If a DMA
board is detected in the system, a DMA process is initialized to handle data acquisition. If no DMA board is
detected, an interrupt routine is initialized to handle data acquisition. In either case, the background process
handles incoming data after SCAN_Start has returned. The acquired samples are stored into the buffer with
the channel scan sequence data interleaved—that is, the first sample is the conversion from the first channel, the
second sample is the conversion from the second channel, and so on.

If external gating of the data acquisition operation has been selected, a signal at the EXTGATE I/O connector

input controls the sample-interval counter. When the EXTGATE signal is high, the sample-interval counter is
enabled, causing A/D conversions to occur. When the EXTGATE signal is low, the sample-interval counter is
suspended, and no A/D conversions occur. External gating is available only on the NB-MIO-16.
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Starting a Single-Buffered Acquisition with SCAN_Start

In a single-buffered acquisition, the SCAN_Start call specifies the number of samples to acquire (count) and an
integer array to store the acquired data (buffer). After SCAN_Start has returned, the background process
stores up to count A/D conversions in the buffer and ignores any subsequent conversions. The acquired
samples are available when the SCAN_Check call returns status = 1. A second call to SCAN_Start cannot
be made without terminating this background process. If a call to SCAN_Check returns status = 1, the samples
are available and the process is terminated. A call to DAQ_Clear also terminates a background data
acquisition process.

Starting a Double-Buffered Acquisition with SCAN_Start

In a double-buffered acquisition, data can be returned from an acquisition in progress without interrupting the
acquisition. NI-DAQ for Macintosh can be configured for double-buffered mode by executing DAQ2Config
before SCAN_Start is called. DAQ2Config allocates a large internal circular buffer for the data storage and
configures subsequent data acquisitions for double-buffered mode.

In double-buffered mode, the buffer parameter in SCAN_Start is ignored but must be set to 0. Once
SCAN_Start completes with error = 0, NI-DAQ for Macintosh acquires and stores the A/D conversions in
the large buffer allocated by DAQ2Config. This buffer is treated as a circular buffer and is continually filled
with data until count samples are acquired. If continuous double-buffered mode has been specified in
DAQ2Config, then the total number of samples is not specified and the count value in SCAN_Start is
ignored. The data acquisition runs continuously until the process is stopped by executing DAQ_Clear or
DAQ2Clear.

Smaller blocks of data can be retrieved from the large internal buffer without interrupting the acquisition by
repeatedly executing the DAQ2Get, DAQ2TGet, DAQ2Tap, and DAQ2TTap retrieval functions. An integer
array to store the acquired data and the number of samples to retrieve are passed to the retrieval functions. The
array is returned with a copy of a block of data from the internal circular buffer. (See the descriptions of
DAQ2Get, DAQ2TGet, DAQ2Tap, and DAQ2TTap for more information on retrieving double-buffered data.)

Using SCAN_Start to Start a Trigger Acquisition Using Single-Buffered Mode

NI-DAQ for Macintosh can be configured for external hardware triggering using DAQ_Config. If you select
external triggering for the data acquisition operation, a high-to-low edge at the EXTTRIG* I/O connector input
on the NB-MIO-16, or at the STARTTRIG* input on the NB-MIO-16X initiates the data acquisition operation
after the SCAN_Start call is complete. Otherwise, SCAN_Start issues a software trigger to initiate the data
acquisition operation before returning.

Data acquisition also can be triggered on the slope and level of the analog input values. DAQ_Trigger stores
trigger information and enables triggering on analog input values for subsequent single-buffered acquisitions.
When executing DAQ_Trigger, you indicate a trigger channel, slope, and level. A trigger occurs when the
analog input values of the trigger channel are within the specified slope and level.

If a single-buffered acquisition is started with triggering enabled, SCAN_Start waits for trigger conditions to
be met before collecting the array of sample data.

Pretriggering can be implemented on the NB-MIO-16X for single-buffered acquisitions. With pretriggering,
data acquisition is stopped when a specified number of samples have been acquired after the occurrence of an
external stop trigger. See the description of DAQ_PreTrig for more information on pretriggering with the
NB-MIO-16X.
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Using SCAN_Start to Start a Trigger Acquisition Using Double-Buffered Mode

NI-DAQ for Macintosh can be configured for external hardware triggering for double-buffered mode by using
DAQ_Config. External triggering with double-buffering operates differently on the NB-MIO-16 from the way
it works on the NB-MIO-16X.

If you select external triggering for the data acquisition operation (DAQ_Config) on the NB-MIO-16, a high-
to-low edge at the EXTTRIG* I/O connector input on the NB-MIO-16 initiates the data acquisition operation
after SCAN_Start begins execution. Otherwise, SCAN_Start issues a software trigger to initiate the data
acquisition operation before returning.

If external triggering is disabled (in DAQ_Config) on the NB-MIO-16X, a software trigger is issued to initiate
each block of the data acquisition operation. Otherwise, if you select external triggering for the data acquisition
operation, a high-to-low edge at the STARTTRIG* I/O connector input on the NB-MIO-16X initiates each
block of the data acquisition operation after SCAN_Start begins execution. When a high-to-low edge is
received, the number of samples in a block (specified in DAQ2Config) are then acquired. NI-DAQ for
Macintosh waits for another high-to-low edge before the next block of data is acquired.

Data acquisition also can be triggered on the slope and level of the analog input values. For double-buffered
acquisition, triggering conditions can be specified for each retrieved block of data. A trigger channel, slope, and
level can be specified in the DAQ2Get, DAQ2TGet, DAQ2Tap, and DAQ2TTap functions to implement
condition triggering for double-buffered acquisitions. A trigger occurs when the analog input values of the
trigger channel are within the specified slope and level.

Once the multiple-channel buffer of data is acquired, DAQ_Scale can be used to scale the 12-bit (NB-MIO-16)
or 16-bit (NB-MIO-16X) values in the buffer array to the actual voltages measured. DAQ_Scale must be
passed a one-dimensional array of a channel's data.

Double-Buffered Data Acquisition Function Summary

The Double-Buffered Data Acquisition functions (DAQ2) can acquire samples from one or more channels into a
circular buffer. With double-buffering, data can be retrieved from an acquisition in progress without interrupting the
acquisition. Data can be collected continuously using a fixed amount of memory.

The following functions can be used for double-buffered data acquisition on the MIO boards, DAQCard-500,
DAQCard-700, E Series, and Lab and 1200 series:

DAQ2Clear Cancels any current double-buffered data acquisition operation, reinitializes the data
acquisition circuitry, deallocates the acquisition buffer allocated by DAQ2Config,
and disables double-buffering for subsequent data acquisition operations.

DAQ2Config Configures subsequent data acquisition operations for double-buffered mode, allocates
a large buffer for the background acquisition, and stores double-buffered mode
configuration information.

DAQ2Get Returns a block of data from a background double-buffered acquisition (both single-
channel and multiple-channel scan). DAQ2Get can be executed repeatedly to return
sequential blocks of data. DAQ2Get waits until the block of data is available before
returning, unless the timeout expires. This function can also be used to define a
trigger that determines when to begin acquiring a block of data (MIO boards).

DAQ2MemConfig Configures NI-DAQ for Macintosh to use a memory expansion board for subsequent
data acquisition in double-buffered mode. Memory for the large buffer allocated by
DAQ2Config for the background acquisition is allocated from the memory space on
the expansion board.
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DAQ2Tap Returns the most recently acquired block of data from the background double-buffered
data acquisition (both single-channel and multiple-channel scan). This function can
also be used to define a trigger that determines when to start acquiring the block of
data (MIO boards).

DAQ2TGet Returns a block of data from a background double-buffered acquisition (both single-
channel and multiple-channel scan). DAQ2TGet can be executed repeatedly to return
sequential blocks of data. DAQ2TGet waits until the block of data is available before
returning, unless the timeout expires. This function can also be used to define a
trigger that determines when to begin acquiring the block of data and where this
trigger occurs within the block of data.

DAQ2TTap Returns the most recently acquired block of data from the background double-buffered
data acquisition (both single-channel and multiple-channel scan). This function can
also be used to define a trigger that determines when to start acquiring the block of
data and where this trigger occurs within the block of data.

Double-Buffered Data Acquisition Application Hints

The double-buffered (DAQ2) Data Acquisition functions can return data from an acquisition in progress without
interrupting the acquisition on an NB-MIO-16, NB-MIO-16X, E Series, DAQCard-500/700, and Lab and 1200
series. These functions use a double or circular buffering scheme that retrieves and processes chunks of data as
they become available. With a circular buffer, this scheme can be used to collect an unlimited amount of data
without requiring an unlimited amount of memory. Double-buffered data acquisition is useful for applications
such as streaming to disk and real-time display of data. NI-DAQ for Macintosh can use double-buffered data
acquisition for both single-channel and multiple-channel scan data acquisition. Double-buffered acquisition is
available only with the NB-MIO-16, NB-MIO-16X, E-Series, DAQCard-500/700, and Lab and 1200 series.

Examples of double-buffered data acquisition applications are included on your NI-DAQ for Macintosh diskettes.
(See Chapter 11, NI-DAQ for Macintosh Examples.) The following paragraphs explain the operation of the
double-buffered Data Acquisition functions.

Initializing Double-Buffered Data Acquisition

You can configure NI-DAQ for Macintosh for double-buffered acquisition operations by executing
DAQ2Config. NI-DAQ for Macintosh remains configured for double-buffered mode until DAQ2Clear is
called. If NI-DAQ for Macintosh is in double-buffered mode, all subsequent data acquisitions (single-channel and
multiple-channel scan) are background acquisitions.

When executing DAQ2Config to configure NI-DAQ for Macintosh for double-buffering, you indicate the size of
a large circular buffer allocated by NI-DAQ for Macintosh. NI-DAQ for Macintosh uses this buffer to store data
in subsequent background data acquisitions. You also indicate the size of smaller blocks that divide up the larger
buffer. The background acquisition can be thought of as actually being performed in continuous chunks that are
the size of the specified smaller blocks. Figure 6-5 shows the blocks in the large circular buffer. The large
circular buffer is continually filled with one block of data at a time. When the large buffer has been filled, data is
stored at the beginning of the buffer again (writing over the previously stored data), and continues filling the
buffer until the specified number of samples have been acquired or until the acquisition operation is cleared.
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Figure 6-5. Double-Buffered Acquisition Buffer and Blocks

After configuring NI-DAQ for Macintosh for double-buffered mode, you can start a single-channel double-
buffered data acquisition by executing DAQ_ Start. After configuring NI-DAQ for Macintosh for double-
buffered mode, you can start a multiple-channel double-buffered data acquisition by executing SCAN_Start or
SCAN_IntStart. This action begins the A/D conversion operation and the storing of acquired data in the large
acquisition buffer. DAQ2Get, DAQ2TGet, DAQ2Tap, or DAQ2TTap can then be executed to retrieve blocks of
data from the background acquisition. You indicate the number of samples to retrieve from the large acquisition
buffer, and the conversion data is returned by these functions.

Retrieving Acquired Data

Two mechanisms can be used for retrieving data during double-buffered data acquisition. The Get data
mechanism retrieves blocks of data in the order that they are acquired. The Tap data mechanism retrieves the
most recently acquired block of data. The size of a block when retrieving data does not have to be equal to the
block/size specified when initializing a double-buffered data acquisition. DAQ2Get, DAQ2TGet, DAQ2Tap, or
DAQ2TTap can be used to retrieve blocks of acquired data from a single-channel acquisition in progress or a
multiple-channel scan acquisition in progress. The two functions DAQ2TGet and DAQ2TTap are identical to
DAQ2Get and DAQ2Tap except that they also can define a trigger position, allowing data to be retrieved before
and after the trigger occurrence. (The T in the function name stands for trigger.) Any combination of DAQ
retrieval functions can be used together. These functions are described in more detail later.

The DAQ2Get and DAQ2TGet functions wait until the requested number of samples have been retrieved before
returning. The data is copied from the large acquisition buffer into the sample array. A marker into the large
acquisition buffer is updated to keep track of what has been retrieved by DAQ2Get and DAQ2TGet calls. Each
time either DAQ2Get or DAQ2TGet is called, the marker is updated by the number of samples retrieved.
Therefore, DAQ2Get or DAQ2TGet can be executed repeatedly to return sequential blocks of data. DAQ2Get
and DAQ2TGet are useful for applications such as concurrent processing of acquired data or logging acquired
data to disk.

The DAQ2Tap and DAQ2TTap functions return the most recently acquired block of data. The marker into the
large acquisition buffer is not updated. Unlike DAQ2Get and DAQ2TGet, DAQ2Tap, and DAQ2TTap do not
wait until the samples are available before returning. If the requested number of samples are not yet available,
both DAQ2Tap and DAQ2TTap return with an error code. DAQ2Tap and DAQ2TTap are useful for applications
such as displaying data in real time.

Figures 6-6 through 6-8 illustrate the difference in the DAQ2Get /DAQ2TGet and DAQ2Tap/DAQ2TTap
retrieval functions. Figure 6-6 shows the buffer of an acquisition in progress. At this point in the acquisition, the
first three blocks of the buffer have been filled with data. Figure 6-6 shows the results of executing DAQ2Get and
DAQ2Tap at this point in the acquisition operation. (In this example, the number of samples requested in
DAQ2Get and DAQ2Tap is equal to the block size configured in DAQ2Config.) DAQ2Get returns the first
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block of acquired data and updates the marker to the second block. DAQ2Tap returns the most recent block of
data, which is the third block.

Acquired data

w

|—| DAQ2Get returns the data from block 1

——— pAQ2Tap returns the data from block 3

Figure 6-6. First Execution of DAQ2Get and DAQ2Tap

Figure 6-7 shows the results of executing DAQ2Get and DAQ2Tap later in the acquisition. DAQ2Get returns the
second block of acquired data and updates the marker to the third block. DAQ2Tap returns the most recent block
of data, which is the fourth block.

Acquired Data

]

F——— DAQ2Get returns the data from block 2.

F———DAQ2Tap returns the data from
block 4.

Figure 6-7. Second Execution of DAQ2Get and DAQ2Tap

When the large buffer has been filled, data is stored at the beginning of the buffer again, overwriting the previous
data. If all the data is to be retrieved sequentially (for example, logging all data to disk), then DAQ2Get must
retrieve the blocks of data from the large circular buffer before the data is overwritten. An overWriteErr is
returned by DAQ2Get if unretrieved data has been overwritten in the large buffer. An overWriteErr is returned
by DAQ2Tap if the most recent block of data is overwritten as it is being retrieved. Figure 6-8 shows the results
of executing DAQ2Get and DAQ2Tap when data has been overwritten. In Figure 6-7, there was no
overWriteErr because DAQ2Get returned a copy of block 1 before data was overwritten.
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block 3 and an overwrite error.

block 3 and no error.

Figure 6-8. Executing DAQ2Get and DAQ2Tap when Overwrite Occurred

If an acquisition has completed (the specified number of conversions have been performed), then DAQ2Tap and
DAQ2TTap return the last block acquired. DAQ2Get and DAQ2TGet continue returning sequential blocks of
data until all of the data has been retrieved or until the buffer has been deallocated by executing DAQ2Clear.

DAQ2Config also gives you the option of acquiring data continuously. In continuous mode, you do not indicate
the number of samples to be acquired in DAQ_ Start, SCAN_Start, or SCAN_IntStart. The data
acquisition continues until you stop the process by executing DAQ_Clear or DAQ2Clear. DAQ_Clear stops
the current double-buffered acquisition but leaves NI-DAQ for Macintosh configured for double-buffered mode.
DAQ2Clear stops the current acquisition and disables double-buffered mode. Once a double-buffered
acquisition is in progress (single-channel or multiple-channel), you can use DAQ_Check or SCAN_Check to

return the status.

AI_Configure

DAQ_Config

DAQ2Config

DAQ_Start

DAQ2Get

DAQ2Clear

Figure 6-9. Single-Channel, Double-Buffered Acquisition
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Figure 6-10. Multiple-Channel, Double-Buffered Acquisition (MIO Boards)
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Figure 6-11. Multiple-Channel, Double-Buffered Acquisition (Lab and 1200 Series)
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Using Double-Buffered Data Acquisition with Analog Triggering

Triggering on analog input values can be enabled for any of the double-buffered Data Acquisition functions. A
trigger is enabled by specifying a level and slope for an active analog input channel. The functions DAQ2Get and
DAQ2Tap return a block of data whose first data point matches the trigger conditions. The other double-buffered
Data Acquisition functions, DAQ2TGet and DAQ2TTap, can select a trigger position to place the trigger anywhere
within the block of data. With this scheme, the data acquisition operation can retrieve data before and after the
trigger occurs.

If SCXT is used, analog triggering is possible during single-channel acquisitions and during multiple-channel
scanning acquisitions if the SCXI modules are operated in Parallel mode. Analog triggering is not possible during
multiple-channel scanning if the SCXI modules are operated in Multiplexed mode. When analog triggering is used
with SCXI, the trigger channel specified should be the DAQ board channel number that corresponds to the desired
SCXI channel. Refer to Chapter 7, SCXI Functions, for more information on SCXI operating modes and channel
assignments.

DAQ2Clear

Function
Cancels any current double-buffered data acquisition operation, re-initializes the data acquisition circuitry,
deallocates the acquisition buffer allocated by DAQ2Config, and disables double-buffering for subsequent
data acquisition operations.

Synopsis
C Syntax locus i32 DAQ2Clear (u32 deviceNumber) ;
Pascal Syntax function DAQ2Clear (deviceNumber : 132) : i32;
BASIC Syntax | FN DAQ2Clear (deviceNumber&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

DAQ2Clear cancels any current double-buffered data acquisition operation, reinitializes the data acquisition
circuitry, deallocates the acquisition buffer allocated by DAQ2Config, and disables double-buffering for
subsequent data acquisition operations.

When NI-DAQ for Macintosh is configured for double-buffered data acquisition (see DAQ2Config), then
either DAQ_Clear or DAQ2Clear can be used to stop the current double-buffered acquisition. DAQ_Clear
stops the current double-buffered acquisition but leaves NI-DAQ for Macintosh configured for double-
buffering. DAQ2Clear stops the current acquisition and disables double-buffering.
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DAQ2Config

Function
Configures subsequent data acquisition operations for double-buffered mode, allocates a large buffer for the
background acquisition, and stores double-buffered mode configuration information.

Synopsis

C Syntax locus i32 DAQ2Config(u32 deviceNumber, u32 mode, u32 bufferSize, u32
blockCount) ;

Pascal Syntax function DAQ2Config (deviceNumber : i32; mode : i32; bufferSize :
i32; blockCount : i32) : i32;

BASIC Syntax | FN DAQ2Config(deviceNumber&, mode&, bufferSize&, blockCounté)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

mode indicates whether subsequent data acquisitions should be in continuous mode.
0: Noncontinuous (disable continuous mode). Subsequent double-buffered data acquisitions acquire the
number of samples specified in DAQ_Start, SCAN_Start, or SCAN_IntStart.
1: Continuous (enable continuous mode). Subsequent double-buffered data acquisitions acquire data
continuously.

In continuous mode, the sample count value is ignored in subsequent DAQ_ Start, SCAN_Start, and
SCAN_IntStart calls. After you execute DAQ_Start, SCAN_Start, or SCAN_IntStart, data
acquisition continues until you stop the process by executing DAQ_Clear or DAQ2Clear. Continuous mode
can be disabled by executing DAQ2Config with mode set to 0.

bufferSize indicates the size of the large circular data acquisition buffer used to acquire data in a background
double-buffered data acquisition. bufferSize is the number of samples in the large buffer. Once DAQ2Config
is executed, the buffer is allocated and can be used repeatedly in subsequent double-buffered acquisitions.
While double-buffering is enabled, the buffer value is ignored in subsequent DAQ_Start, SCAN_Start, and
SCAN_IntStart calls. Executing DAQ2Clear disposes of the large circular buffer and disables double-
buffering.

blockCount indicates the size of the smaller blocks that divide up the larger buffer. The blockCount is the
number of samples in a block of data. The background acquisition can be thought of as actually being
performed in smaller continuous chunks, each containing the number of samples specified by blockCount. To
implement a true double-buffered scheme, blockCount should be half of bufferSize.

Increasing bufferSize beyond twice the blockCount creates some leeway for processing to catch up with the
data acquisition operation. If a multiple-channel scan is to be performed, blockCount should be an integer
multiple of the number of channels to be scanned. blockCount cannot be less than 200 samples in
DAQ2Config. The DAQ2Get, DAQ2TGet, DAQ2Tap, and DAQ2TTap functions can be used to retrieve
from 1 to bufferSize number of samples at a time from the larger buffer while a background acquisition is in
progress.

If you use an NB-MIO-16X with external triggering to trigger each block, blockCount must not be greater than
65,535.

Note: DMA is used for data acquisition operations on an NB-MI0-16 or NB-MI0-16X when an
NB-DMA-8-G or NB-DMA2800 board is present. If DMA is used, NI-DAQ for Macintosh truncates
bufferSize so that the actual size of the large acquisition buffer is a multiple of blockCount. The
blockCount parameter used in DAQ2Get, DAQ2TGet, DAQ2Tap, or DAQ2TTap should be less
than or equal to the blockCount parameter specified in DAQ2Conf ig for optimum performance
when using DMA and double-buffering.
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DAQ2Get

Function

Data Acquisition Functions

Returns a block of data from a background double-buffered acquisition (both single-channel and multiple-
channel scan). DAQ2Get can be executed repeatedly to return sequential blocks of data. DAQ2Get waits until
the block of data is available before returning, unless the timeout expires. This function can also be used to

define a trigger that determines when to begin acquiring a block of data (MIO

boards).

DAQ2TGet

Function
Same functionality as DAQ2Get. In addition, DAQ2TGet can indicate where the trigger occurs within the
block of data.

DAQ2Get Synopsis

C Syntax locus 132 DAQ2Get (u32 deviceNumber, u32 triggerChannel, u32
triggerSlope, 132 triggerLevel, 116 *buffer, u32
blockCount, u32 timeout);

Pascal Syntax function DAQ2Get (deviceNumber i32; triggerChannel i32;
triggerSlope i32; triggerlevel i32; buffer pilé6;
blockCount i32; timeout 132) i32;

BASIC Syntax | FN DAQ2Get (deviceNumber&, triggerChannelé&, triggerSlopeg,

triggerlLevel&, buffer&, blockCounté&, timeouté&)
DAQ2TGet Synopsis

C Syntax locus i32 DAQ2TGet (u32 deviceNumber, u32 triggerChannel, u32
triggerSlope, 132 triggerLevel, 116 *buffer, u32
triggerPosition, u32 blockCount, u32 *actualCount, u32
timeout) ;

Pasca]SyntaX function DAQ2TGet (deviceNumber i32; triggerChannel i32;
triggerSlope i32; triggerLevel i32; buffer pile6;
triggerPosition i32; blockCount i32; var actualCount

i132; timeout i32) i32;

BASIC Syntax | FN DAQ2TGet (deviceNumberé&, triggerChannel&, triggerSlopeg,
triggerlevel&, buffer&, triggerPositioné&, blockCounté,
actualCounté&, timeouté&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the

Devices section in Chapter 1, Getting Started, for more information.

triggerChannel is the analog input channel number to trigger on. If triggerSlope is 0, no triggering is
performed and this triggerChannel value is ignored. If SCXI is used, this parameter should be the onboard
channel number. Analog triggering can be used with SCXI only for single-channel acquisitions and for

multiple-channel scanned acquisitions in Parallel mode.

Range: 0 through n-1, where n is the number of analog input channels available.

triggerSlope is the slope to trigger on. Triggering is disabled by setting triggerSlope to 0.

0: no triggering is performed.
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1: negative slope.
2: positive slope.

triggerLevel is the analog input value to trigger on. If triggerSlope is 0, no triggering is performed and this
triggerLevel value is ignored.

buffer is a buffer of length blockCount. When DAQ2Get completes without error, then buffer contains the
next block of acquired data. The elements of buffer are the 12-bit (NB-MIO-16, DAQCard-500/700, Lab-NB,
and Lab-LC) or 16-bit (PCI-MIO-16XE-50, NB-MIO-16X) results of each A/D conversion in the data
acquisition operation.

blockCount is the number of samples to be acquired from the large acquisition buffer while a double-buffered
acquisition is in progress (that is, the number of A/D conversions). This value represents the size of the smaller
blocks that divide up the larger acquisition buffer. For optimum performance, blockCount should be equal to
or less than the blockCount value that was specified in DAQ2Config.

Range: 1to 2311,

If the current data acquisition is a multiple-channel scanning acquisition, then blockCount is equal to the
number of samples per channel multiplied by the tofal number of channels being scanned.

The input values indicated in SCAN_Setup determine the total number of scanned channels. If no external
multiplexer boards are used, then the total number of scanned channels is the number of onboard channels
specified in the SCAN_Setup call. If one or more external multiplexer (AMUX-64T) boards are used, then the
total number of channels equals (four-to-one multiplexer) * (the number of onboard channels scanned) * (the
number of external multiplexer boards); that is, the total number of channels equals (4) = (number of onboard
channels) * muxMode. For example, if one external board (AMUX-64T) is used and eight onboard channels
are scanned, then the total number of scanned channels is equal to (4) * (8) * (1) = 32. If SCXI is used, the total
number of channels scanned depends on the operating modes of the modules and the number of channels
specified in the SCXI__SCAN_Setup call.

blockCount must be an integer multiple of the number of channels.

triggerPosition is the number of samples from the trigger channel to be retrieved before the trigger. The
sample at this position in the retrieved data buffer matches the trigger slope and level criteria. (DAQ2TGet
only)

actualCount is the actual number of samples left in the large acquisition buffer after DAQ2TGet is executed.
If the number of samples remaining to be retrieved is less than the requested blockCount and the data
acquisition operation is complete, then an error is returned. In this case, the buffer array contains the rest of the
acquisition data, and actualCount indicates the number of valid samples returned. (DAQ2TGet only)

timeout is the number of ticks (60ths of a second) to wait for valid data before returning, if the retrieval was
unsuccessful. DAQ2Get returns a timeQutErr if analog input trigger conditions are not met, or if not enough
data points have been acquired before the specified number of ticks expire. If timeout is 0, no time limit is
imposed, in which case DAQ2Get does not complete until the data can be returned successfully.

After a double-buffered data acquisition is started by executing DAQ_Start, SCAN_Start, or
SCAN_IntStart, DAQ2Get can then be executed to retrieve blocks of data from the background acquisition.
DAQ2Get waits until the requested number of samples (blockCount) are available before returning. An index
into the large buffer is updated with each DAQ2Get call to keep track of what has been retrieved with
DAQ2Get calls. Therefore, DAQ2Get can be executed repeatedly to return sequential blocks of data.
DAQ2Get is useful for applications such as concurrent processing of acquired data or logging acquired data to
disk while the acquisition is in progress.

Analog triggering can be enabled by setting triggerSlope to 2 (positive) or setting triggerSlope to 1 (negative)
and by selecting a trigger channel (triggerChannel), level, and timeout value. Enabling analog triggering
causes DAQ2Get to return a triggered block of data—a block whose first analog input value for the trigger
channel is within the specified triggerSlope and level. If triggering is enabled, DAQ2Get scans the large
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acquisition buffer and returns the next block of data acquired after trigger conditions are met. DAQ2Get waits
until the requested number of samples (sample count) following the trigger value are available before returning.

If analog triggering is enabled and no double-buffered data acquisition operation is being performed on the
selected trigger channel, then the trigger conditions are ignored and the next sequential block of data is
returned. DAQ2Get returns a timeQutErr if the data cannot be retrieved successfully before the number of
ticks specified in timeout expire. Executing DAQ2Get with triggerSlope set to 0 disables the analog triggering
feature and returns the next sequential block of data after it is acquired.

If DAQ2Get returns an overFlowError, overRunError, or overWriteErr. A/D conversions may have been
lost due to samples being acquired too rapidly as specified by DAQ_Start, SCAN_Start, or
SCAN_IntStart (sample interval is too small). An overFlowError indicates that the A/D FIFO overflowed
because the data acquisition servicing operation could not keep up with the sample rate. An overRunError
indicates that the data acquisition circuitry could not keep up with the sample rate. An overWriteErr indicates
that the large circular acquisition buffer overwrote acquired data before it was retrieved by DAQ2Get . An
overwrite error can be corrected by increasing the size of the large acquisition buffer, retrieving more data each
time, retrieving data more often, decreasing the size of the smaller dividing blocks, or reducing the sampling
rate. The large acquisition buffer and smaller dividing block sizes are specified by DAQ2Config.

Once DAQ2Get completes with error = 0, DAQ_VScale can be used to scale the values in the buffer array to
the actual voltages measured.

Pascal and C Note: If the double-buffered acquisition is a scanning acquisition, then SCAN_Demux
must be called to demultiplex the buffer array by channel before the data is scaled.

DAQ2MemConfig

Function
Configures NI-DAQ for Macintosh to use a memory expansion board for subsequent data acquisition in double-
buffered mode. Memory for the large buffer allocated by DAQ2Config for the background acquisition is
allocated from the memory space on the expansion board.

Synopsis

C Syntax locus i32 DAQ2MemConfig(u32 deviceNumber, u32 memorySlot, u32 mode);

Pascal Syntax function DAQ2MemConfig (deviceNumber : i32; memorySlot : i32; mode
i32) : 132;

BASIC Syntax | FN DAQ2MemConfig (deviceNumber&, memorySloté&, modeé&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

memorySlot is the board slot number of the memory expansion board to be used for double-buffered
acquisition.
Range: 1 through 6.

Note: Because some memory expansion boards do not have configuration ROMs, NI-DAQ for Macintosh

is unable to verify that a memory expansion board is actually in memorySlot. Make sure
memorySlot is valid or system errors can occur.

© National Instruments Corporation 6-51 NI-DAQ Software Reference Manual for Macintosh



Data Acquisition Functions Chapter 6

mode indicates whether to enable or disable the use of the memory expansion board in memorySlot for
subsequent double-buffered data acquisitions. Possible values of mode are as follows:

0: disable use of the memory expansion board for subsequent double-buffered acquisitions.

1: enable use of the memory expansion board for subsequent double-buffered acquisitions.

DAQ2MemConfig configures NI-DAQ for Macintosh to use a memory expansion board for subsequent
double-buffered data acquisitions. When use of the memory board has been enabled, DAQ2Config allocates
memory for the large circular buffer on the expansion memory board. Calls to DAQ2Get, DAQ2TGet,
DAQ2Tap, and DAQ2TTap retrieve blocks from the large buffer on the memory board.

NI-DAQ for Macintosh initially disables the use of a memory expansion board. Once DAQ2MemConfig is
called with mode set to 1, the memory expansion board is used for all subsequent double-buffered acquisitions
until this feature is disabled by calling DAQ2MemConfig with mode set to 0.
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DAQ2Tap

Function

Data Acquisition Functions

Returns the most recently acquired block of data from the background double-buffered data acquisition (both
single-channel and multiple-channel scan). This function can also be used to define a trigger that determines

when to start acquiring the block of data (MIO boards).
DAQ2TTap

Function

The same functionality as DAQ2Tap. In addition, DAQ2TTap can indicate where the triggerPosition occurs

within the block of data.

DAQ2Tap Synopsis

C Syntax

blockCount) ;

locus 132 DAQ2Tap (u32 deviceNumber, u32 triggerChannel, u32
triggerSlope, 132 triggerLevel, 116 *buffer, u32

Pascal Syntax function DAQ2Tap (deviceNumber i32; triggerChannel i32;
triggerSlope i32; triggerLevel i32; buffer pilé6;
blockCount i32) i32;

BASIC Syntax | FN DAQ2Tap (deviceNumber&, triggerChannel&, triggerSlopeg,

triggerLevel&, buffer&, blockCountég)
DAQ2TTap Synopsis
C Syntax locus 132 DAQ2TTap(u32 deviceNumber, u32 triggerChannel, u32

triggerPosition,

triggerSlope, 132 triggerLevel, 116 *buffer, u32
u32 blockCount) ;

Pascal Syntax function DAQ2TTap (deviceNumber i32; triggerChannel i32;
triggerSlope 132; triggerlevel i32; buffer pilé6;
triggerPosition i32; blockCount i32) i32;

BASIC Syntax | FN DAQ2TTap (deviceNumber&, triggerChannels, triggerSlopes,

triggerlLevel&, buffer&, triggerPositioné&, blockCounté)
Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

triggerChannel is the analog input channel number to trigger on. This must be a channel that is currently being
sampled. If triggerSlope is 0, no triggering is performed and this triggerChannel value is ignored. If SCXI is
used, triggerChannel should be the onboard channel number. Analog triggering can be used with SCXI only
for single-channel acquisitions and for multiple-channel scanned acquisitions in Parallel mode.

Range: 0 through n-1, where n is the number of analog input channels available.

triggerSlope is the slope to trigger on. Triggering is disabled by setting triggerSlope to 0.

triggerSlope = 0:
triggerSlope = 1:
triggerSlope = 2:

negative slope.
positive slope.
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triggerLevel is the analog input value to trigger on. If triggerSlope is 0, no triggering is performed and this
triggerLevel value is ignored.

blockCount is the number of samples to be acquired from the large acquisition buffer while a double-buffered
acquisition is in progress (that is, the number of A/D conversions). This value represents the size of the smaller
blocks that divide up the larger acquisition buffer. For optimum performance, blockCount should be equal to
or less than the blockCount value that is specified in DAQ2Config.

Range: 1 to 2311,

If the current data acquisition is a multiple-channel scanning acquisition, then blockCount is equal to the
number of samples per channel multiplied by the fofal number of channels being scanned.

The input values specified in SCAN_Setup determine the total number of scanned channels. If no external
multiplexer boards are used, then the total number of scanned channels is the number of onboard channels
specified by the SCAN_Setup call. If one or more external multiplexer (AMUX-64T) boards are used, then
the total number of channels equals (four-to-one multiplexer) * (the number of onboard channels scanned) *
(the number of external multiplexer boards); that is, the total number of channels = (4) * (number of onboard
channels) * muxMode. For example, if one external board (AMUX-64T) is used and eight onboard channels
are scanned, then the total number of scanned channels is equal to (4) * (8) * (1) = 32. If SCXI is used, the
number of channels scanned depends on the operating modes and the number of channels specified in the
SCXI_SCAN_Setup call.

blockCount must be an integer multiple of the number of channels.

buffer is a buffer of length blockCount. When DAQ2Tap completes without error, then buffer contains the
most recent block of acquired data. The elements of buffer are the 12-bit (NB-MIO-16, Lab and 1200 series) or
16-bit (NB-MIO-16X) results of each A/D conversion in the data acquisition operation.

triggerPosition is the number of samples from the trigger channel to be retrieved before the trigger. The
sample at this position in the retrieved data buffer matches the trigger slope and level criteria. (DAQ2TTap
only)

After a double-buffered data acquisition is started by executing DAQ_ Start, SCAN_Start, or
SCAN_IntStart, DAQ2Tap can then be executed to retrieve blocks of data from the background acquisition.
Unlike DAQ2Get, DAQ2Tap does not update an index into the large buffer. Therefore, DAQ2Tap can be
executed repeatedly to return the most recent blocks of data while the data is being acquired in the background.
If the requested number of samples are not yet available, DAQ2Tap returns an error. Displaying data in a real-
time mode is an example of an application using DAQ2Tap.

Analog triggering can be enabled by setting triggerSlope to 2 (positive) or setting triggerSlope to 1 (negative)
and specifying trigger channel (triggerChannel), level, triggerPosition, and timeout values. Enabling analog
triggering causes DAQ2TTap to return the most recent triggered block of data—a block in which the analog
input value at the triggerPosition position for the channel triggerChannel meets the specified triggerSlope
and triggerLevel conditions.

If triggering is enabled, DAQ2TTap scans the large acquisition buffer and returns the most recent block of data
that meets the trigger conditions. If such a block is not yet available, DAQ2 TTap returns an error. If analog
triggering is enabled and no double-buffered data acquisition operation is being performed on the selected
triggerChannel, then the trigger conditions are ignored and the most recently acquired block of data is
returned. Executing DAQ2TTap with triggerSlope set to 0 disables the analog triggering feature and returns
the most recently acquired block.

If DAQ2Tap returns an overFlowError or an overRunError. A/D conversions may have been lost due to
samples being acquired too rapidly as specified by DAQ_Start, SCAN_Start, or SCAN_IntStart
(sample interval was too small). An overFlowError indicates that the A/D FIFO overflowed because the data
acquisition servicing operation could not keep up with sample rate. An overRunError indicates that the data
acquisition circuitry could not keep up with the sample rate. DAQ2Tap returns an overwrite error if the most
recent block of data is overwritten as it is being returned. An overwrite error can be corrected by increasing the
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size of the large acquisition buffer, retrieving more data each time, retrieving data more often, decreasing the
size of the smaller dividing blocks, or reducing the sampling rate. The large acquisition buffer and smaller
dividing block sizes are specified by DAQ2Config.

Once DAQ2Tap completes with error = 0, DAQ_VScale can be used to scale the values in the buffer array to
the actual voltages measured.

Pascal and C Note: If the double-buffered acquisition is a scanning acquisition, then SCAN_Demux
must be called to demultiplex the buffer array by channel before the data is scaled.

Multiple-Channel Data Acquisition (MDAQ)

The remainder of this chapter describes the Multiple-Channel Data Acquisition functions used with the NB-A2000,
NB-A2100, and NB-A2150 boards for Macintosh computers. These boards do not support SCXI. The Multiple-
Channel Data Acquisition functions retrieve multiple frames of data from one or more channels.

NB-A2000 Data Acquisition

The NB-A2000 contains four simultaneously-sampled, single-ended analog input channels numbered O through 3.
Each analog input channel has a sample-and-hold circuit. The NB-A2000 samples one, two or four input channels
simultaneously. These input channels are then multiplexed into a single unity gain stage followed by a 1-us
conversion time, 12-bit resolution, ADC which reads and converts each selected channel in turn. The channels that
may be selected are as follows:

One channel:  Channels 0, 1, 2 or 3
Two channels: Channels O and 1, or 2 and 3
Four channels: Channels O through 3

The NB-A2000 operates exactly the same way whether one or many channels are sampled.

The signal range of each input channel is +5 V when DC coupling is selected and +5 V peak AC with +25 VDC
offset when AC coupling is selected.

A/D conversions can be initiated through software or by applying active-low pulses to the SAMPCLK* input on the
NB-A2000 I/O connector or active-high pulses to the CLOCKI RTSI bus input. A 1,024-word deep FIFO memory
on the board stores up to 1,024 A/D conversion results.

The NB-A2000 operates in several trigger modes for data acquisition: pretrigger mode, posttrigger mode, or
posttrigger mode with delay. In pretrigger mode, the NB-A2000 acquires a programmed number of samples both
before and after a trigger is received. In posttrigger mode, a programmed number of samples is acquired after the
trigger. In posttrigger mode with delay, the NB-A2000 waits to acquire samples until a programmed time interval
has elapsed after the trigger is received.

The NB-A2000 has two main trigger sources: analog or digital. The analog trigger may be received from any one
of the input channels or the ATRIG input on the I/O connector. Analog trigger circuitry causes a trigger when the
selected input channels reach a pre-programmed slope and level. A rising or falling edge digital trigger may be
received from the DTRIG I/O connector input. Alternatively, digital triggers may be received over the RTSI bus. In
posttrigger mode, acquisition may be immediately started by software when the appropriate call is executed. Once
configured to acquire samples, the NB-A2000 can trigger and acquire data each time a trigger is received without
being stopped or reprogrammed. This is called multiple-frame data acquisition where a frame is the data acquired
with each trigger.
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NB-A2000 Data Acquisition Timing

Timing for data acquisition is performed by the onboard Am9513A Counter/Timer or by the external sample clock,
SAMPCLK*. Data acquisition timing involves the timing signals and counters shown in the following table.

Signal Name Description

Trigger Signal generated from software or received from the ATRIG or DTRIG I/O connector
input or from the RTSI bus. This signal determines when posttrigger sampling begins.

Sample Clock Signal generated locally on the NB-A2000 or received from the I/O connector or from
the RTSI bus that causes all selected inputs to be sampled simultaneously.

Sample Interval Counter | NB-A2000 counter that generates the onboard sample clock.

Sample Counter NB-A2000 counter that counts posttrigger scans (multiple-channel samples) and stops
acquisition when the programmed number has been acquired.

Delay Counter NB-A2000 counter that counts the specified time delay after the trigger and then starts
posttrigger acquisition when time expires.

Timebase Onboard clock sources for the sample-interval and delay counters. Available timebases
include 5 MHz, 1 MHz, 100 kHz, 10 kHz, 1 kHz, and 100 Hz. In addition, external
timebase clocks can be supplied through the RTSI switch signals SOURCE2 and
GATE2.

Additional timing signals can be received from the RTSI bus. See the NB-A2000 User Manual for more information
regarding these signals.

NB-A2000 Data Acquisition Rates

The maximum data acquisition rate for the NB-A2000 is 1 ps/channel, in other words, 1 ps, 2 us, or 4 s for one,
two, or four channels, respectively (see Table 6-11). Converting at a rate faster than the maximum data acquisition
rate causes points to be missed, and the data returned will be an inaccurate representation of the signal being
measured.

Table 6-11. Maximum NB-A2000 Data Acquisition Rates

Number of Channels Maximum Data Acquisition Rate
one channel 1 ps (1 MS/s)
two channels 2 ps (500 kS/s)
four channels 4 us (250 kS/s)

NB-A2100 Data Acquisition

The NB-A2100 contains two simultaneously-sampled analog input channels numbered O and 1. These 16-bit
resolution A/D channels have 64-times oversampling delta-sigma modulating ADCs and digital anti-aliasing filters
for extremely high-accuracy data acquisition. The input also has a software-programmed switch for AC or DC
coupling of the input signals.

The signal range for each input channel is #2.828 V (2 Vrms) with a maximum input voltage rating of £10 V
powered on or off.

The ADCs can be run at 22.05 kHz, 24 kHz, 32 kHz, 44.1 kHz, or 48 kHz conversion rates. Maximum data
acquisition rate is 48 kHz for one or two channels. A 32-bit wide, 16 word deep FIFO memory on the board stores
up to 32 A/D conversion results if one channel is being sampled, or 16 A/D conversion results for each channel if
both analog input channels are being sampled.
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The A/D conversion data can be sent serially over the RTSI bus to other National Instruments boards, such as the
NB-DSP2300 digital signal processing board.

Data acquisition can be started by applying a software trigger or by applying a high-to-low edge on the external
digital trigger. The digital trigger may be received through the EXTTRIG* pin on the I/O connector or over the
RTSI bus.

A software analog trigger scheme is also implemented on the NB-A2100. The software analog trigger monitors the
incoming data after the data acquisition has started for the specified trigger conditions to be met before storing data
in the buffer.

NB-A2150 Data Acquisition

The NB-A2150 contains four simultaneously sampled analog input channels numbered O through 3. These 16-bit
resolution A/D channels have 64-times oversampling delta-sigma modulating ADCs and digital anti-aliasing filters
for extremely high-accuracy data acquisition. The input also has a software-programmed switch for AC or DC
coupling of the input signals.

The signal range for each input channel is #2.828 V (2 Vrms) with a maximum input voltage rating of 10 V
powered on or off.

The ADCs can be run at four timebases and each of these timebases is divided by 1, 2, 4, or 8 to produce 16 sample
rates from which to choose. The timebase values are as follows:

NB-A2150F: 51.2 kHz, 48 kHz, 32 kHz, and 30.72 kHz

NB-A2150C: 48 kHz, 44.1 kHz, 32 kHz, and F,

NB-A2150S: 24 kHz, 20 kHz, 16 kHz, and F,

F,, is a user-defined sample rate and is obtained by dividing the custom installed crystal frequency by 384.
The NB-A2150 uses a 32-bit wide, 256 word deep FIFO to store up to 512 A/D conversion results.

You can start data acquisition by applying a software trigger, a high-to-low edge on an external digital trigger, or via
a trigger generated from the internal level-and-slope detection trigger circuit. You can send the digital trigger from a
signal applied at the EXTTRIG* pin on the I/O connector or from the RTSITRIG* or SWSTART* signals over the
RTSI bus.

Multiple-Channel Data Acquisition Function Summary

Use the following functions for multiple-channel buffered data acquisition operations on the NB-A2000, the
NB-A2100, and the NB-A2150:

MDAQ_Check Reports whether the acquisition is complete, the current number of frames acquired, and
optionally the current number of scans acquired.

MDAQ_Clear Stops data acquisition but does not change the current configuration (for example,
channel coupling, trigger mode and conditions, sampling rate, active input channels).
Also clears the acquisition buffer and deallocates any resources used during the
acquisition.

MDAQ_Get Transfers acquired data from the acquisition buffer into the user's buffer while data
acquisition is in progress or after data acquisition is complete. MDAQ_Get can retrieve
data from anywhere in the acquisition buffer.

MDAQ_ScanRate Selects the data acquisition scan rate, that is, the rate at which all selected input channels
are sampled.
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MDAQ_Setup Selects how much data to buffer in memory and how much data to acquire for each
trigger.

MDAQ_ Start Starts a multiple-channel data acquisition.

MDAQ_Stop Stops the data acquisition but leaves all settings in effect and the acquisition buffer
accessible.

MDAQ_Trig_Config Selects trigger source and configures the analog and digital trigger conditions.

MDAQ_Trig_Delay Selects the time to delay after a trigger is received before acquiring data. (Posttrigger
mode only)

Multiple-Channel Data Acquisition Application Hints

The multiple-channel Data Acquisition functions perform both single-channel and multiple-channel data acquisition
operations. The following terminology is used to describe the multiple-channel Data Acquisition functions:

frame A set of samples acquired from all selected channels with each trigger. The number of samples
per frame is equal to (preScans + postScans) * number of channels selected.

scan One sample from each of the selected analog input channels.

scanInterval Time between the initiation of consecutive scans. Equivalent to the interval between samples
on a given channel.

preScans Number of scans to acquire before the trigger.
postScans Number of scans to acquire after the trigger.

For both single read analog input and data acquisition, MAT_Setup selects the analog input channels to be sampled
and MAI_Coupling selects AC or DC coupling for all inputs.

Frame-Oriented and Scan-Oriented Data Acquisition

Data acquisition with the NB-A2000, the NB-A2100, or the NB-A2150 can be performed in two modes: frame-
oriented data acquisition or scan-oriented data acquisition. Both modes are double buffered, that is, data can be
retrieved from the acquisition buffer while data is being acquired.

The frame-oriented data acquisition mode allows multiple frames to be acquired. A frame is acquired each time the
board receives a trigger. Each frame can contain both pretrigger and posttrigger data. All frames are the same size
and use the same trigger modes, number of channels, and acquisition rates. MDAQ_ Setup configures the frame size
and the number of pretrigger and posttrigger scans. MAI_Setup selects the analog input channels and
MDAQ_ScanRate configures the acquisition rate. Using the MDAQ_Start function, either a specified number of
frames can be acquired, or an unlimited number of frames can be acquired until acquisition is stopped by the user
(MDAQ__Stop).

The scan-oriented data acquisition mode is a posttrigger, single-frame data acquisition case. After a trigger is

received, either a specified number of scans is acquired before the acquisition is automatically stopped, or an
unlimited number of scans is acquired until the acquisition is stopped by the user.
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Configuring the Trigger Conditions

The MDAQ_Setup, MDAQ_Trig_Config, and MDAQ_Trig_Delay functions configure the acquisition's
triggering conditions.

The NB-A2000, NB-A2100, and NB-A2150 have digital triggering capability in hardware. The NB-A2000 and the
NB-A2150 also have analog triggering capability in hardware. The NB-A2100 implements analog triggering in
software. You select and enable the triggers in MDAQ_Trig_Config, which arms both the analog and the digital
trigger, as well as disables both triggers (thereby configuring a software triggered acquisition). When the acquisition
is in posttrigger mode, you can set a delay between the trigger and the conversion of the first scan using the
MDAQ_Trig_Delay function.

The NB-A2000 and the NB-A2150 support the following combinations of trigger modes:

*  No trigger (software posttrigger acquisition).

*  Hardware digital or analog posttrigger with or without delay.

*  Hardware digital or analog pretrigger without delay.

For the NB-A2150, you can enable the digital trigger through the EXTTRIG* pin on the I/O connector using
MDAQ_Trig_Config. To enable the digital trigger over the RTSI bus, you should call RTSI_Conn and make
the RTSITRIG* or RTSISTART* line an input.

The NB-A2100 supports the following combinations of trigger modes:

*  No trigger (software posttrigger acquisition).

*  Hardware posttrigger with or without delay.

*  Hardware pretrigger without delay.

*  Software analog trigger without delay.

*  Software analog trigger after a hardware posttrigger (with or without delay). In this case, after the hardware

trigger starts the acquisition, the incoming data is monitored until the analog trigger conditions are met and the
data is then stored in the buffer.

NB-A2100 and NB-A2150 Triggering

The NB-A2100 and NB-A2150 use analog and digital filters to implement anti-aliasing filters which reject signal
components whose frequency exceeds one-half the sample rate. However, the implementation of the filters is such
that after a data acquisition trigger (hardware or software) is applied, the first sample after the trigger does not
appear in the A/D FIFO until 34 or 35 samples (depending on when the trigger occurred) from each channel being
sampled have been acquired. This means that in the posttrigger mode, you have 34 or 35 samples of pretrigger data
in the acquisition buffer. In the pretrigger mode, a software trigger started the acquisition. So, in this case the first
34 or 35 samples that are put in the buffer are samples taken before the software trigger was applied.

For the NB-A2100, in the analog trigger mode and after a hardware or software trigger starts the acquisition, the first

34 or 35 samples put in the A/D FIFO to be examined for analog trigger conditions are the samples taken before the
hardware or software trigger occurred.
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Stopping Data Acquisition

MDAQ_ Stop can be called to halt data acquisition in progress. This is necessary when continuously scanning or
when gathering an unlimited number of frames. After stopping, settings that do not affect the buffer or frame size
can be changed before performing another MDAQ_ Start without having to call MDAQ_Setup. This is useful in
such applications as a digital oscilloscope where the scan rate often changes, but not the number of channels being
scanned. The settings that can be changed are the scan rate (MDAQ_ScanRate), coupling (MAI_Coupling),
trigger enabling (MDAQ_Trig_Config), and trigger delay (MDAQ_Trig_Delay)-if already in posttrigger mode.

Typical Multiple-Channel Data Acquisition Function Usage

In the function order sequence (see Figure 6-12 and Figure 6-13), the MDAQ_SCAN_Rate function is optional for
the NB-A2100 and NB-A2150. The frequency selected by the last MDAQ_SCAN_Rate call is used for data
acquisition if MDAQ_ SCAN_Rate is not called. At startup or after a Board_Reset call, the 48-kHz frequency on
the NB-A2100, the 51.2-kHz frequency on the NB-A2150F, the 48-kHz frequency on the NB-A2150C, and the
24-kHz frequency on the NB-A2150S is selected for A/D sampling.

A typical function order needed to start an acquisition is given as follows:

MAI_Coupling to select coupling on input channels.

MATI_Setup to select number of channels to monitor.

MDAQ_Setup to select frame size and number of pretrigger and posttrigger scans.

MDAQ_ScanRate to select acquisition rate. (optional for NB-A2100 and NB-A2150)
MDAQ_Trig_Config to select trigger type and conditions.

MDAQ_Trig_Delay to select posttrigger delay (if triggering is enabled and the posttrigger mode is used).
MDAQ_Start to select number of frames to acquire and to start acquisition.

While data is acquired, the following functions can be used:

MDAQ_ Check to monitor the status of the acquisition.

MDAQ_Get to fetch data from anywhere in the acquisition buffer.

MDAQ_ Stop to stop the data acquisition, after which MDAQ_Get can be used to fetch the data.

MDAQ_Clear to clear all resources allocated to the data acquisition operation, including the acquisition buffer.

Figures 6-12 and 6-13 illustrate the ways to use the multiple-channel Data Acquisition functions. Two examples of
performing a data acquisition are shown, followed by a more detailed look at the possible combinations of functions

used initially, during, and after the completion of an acquisition.

The functions in Figure 6-12 are the minimal set of functions necessary to acquire a given number of untriggered
frames (that is, no hardware triggering enabled).
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The example program MDAQ_Op calls a similar sequence of functions to acquire one frame of data. This program
can be used as an additional high-level multiple-channel Data Acquisition function.

MAI_Setup

MDAQ_Setup

MDAQ_ScanRate

MDAQ Start

MDAQ_Get

MDAQ_Clear

BOE0I

Figure 6-12. Minimum Function Flowchart for Multiple-Channel Data Acquisition

MAI_Setup configures the channels to scan during the acquisition. MDAQ_Setup configures and allocates the
acquisition buffer. MDAQ_ ScanRate configures the rate at which the input channels are scanned, and
MDAQ_Start initiates the data acquisition operation. After starting, MDAQ_Get is called to retrieve the frames
from the acquisition buffer, and finally MDAQ_Clear stops the acquisition and clears the acquisition buffer.
MDAQ_Clear must always be called at the end of any data acquisition program and before exiting your application
to release resources allocated by NI-DAQ for Macintosh for use during an acquisition.

Figure 6-13 gives a more general view of the multiple-channel Data Acquisition functions needed to set up an
acquisition to acquire a given number of frames, configure the triggering circuitry, and then retrieve and scale the
acquired frames.

Figure 6-13 adds a few functions to the sequence given in Figure 6-12. The boxed functions represent optional
steps. The optional MAI_Coupling step is used to set AC or DC coupling for the analog input and analog trigger
channels. At power-up and after an Board_Reset, the coupling for all channels defaults to AC on the NB-A2000
and DC on the NB-A2100 and NB-A2150. The optional MDAQ_Trig_Config step enables and configures the
analog and/or digital triggering conditions that must be met to initiate the acquisition of each frame. The optional
MDAQ_Trig_Delay step sets a delay of up to 10.9 minutes on the NB-A2000 and up to 65,535 sample intervals
on the NB-A2100 and NB-A2150 after the trigger occurs before beginning to acquire data when in posttrigger mode.

If the data acquisition is configured to continuously scan or acquire an unlimited number of frames, the

MDAQ_ Stop function can be called to stop the acquisition. After stopping, MDAQ_Get can still be used to retrieve
any data present on the acquisition buffer, and MDAQ_Check returns the progress of the acquisition when
MDAQ_Stop was called. If used, MDAQ_ St op should be called after MAI_Scale and before MDAQ_Clear asin
Figure 6-13.
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MAI_Coupling I
MAI_Setup I

{ MDAQ_Setup b
( MDAQ_ScanRate ’
L

MDAQ_Trig Config

defaults:
Analog and Digital Trigger disabled

(posttrigger mode only)

MDAQ_Trig_Delay

defaults:
no delay

/
N
v

{ MDAQ_Get ’

MAI_Scale

{ MDAQ_Clear ’

Figure 6-13. Multiple-Channel Data Acquisition with Optional Coupling and Triggering Configuration
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MDAQ_Check

Function

Reports whether the acquisition is complete, the current number of frames acquired, and optionally the current
number of scans acquired.

Synopsis

C Syntax locus 132 MDAQ_Check (u32 deviceNumber, u32 fullCheck, ul6 *done, u32
*currentFrame, u32 *currentScan);

Pascal Syntax function  MDAQ_Check (deviceNumber : i132; fullCheck : i32; var done
i16; var currentFrame : i32; var currentScan : 132)
i32;

BASIC Syntax | FN MDAQ_Check (deviceNumber&, fullChecké&, done&, currentFrameg,
currentScané&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

fullCheck indicates whether to return complete or partial status information. Partial information includes all
parameters except currentScan.

0: return partial status information.

1: return complete status information.

Updating the currentScan parameter when DMA is used requires temporarily suspending servicing of the
board being checked. If performing many MDAQ_Check operations with fullCheck = 1 during a high-speed
acquisition or while operating many boards together, a board's FIFO can overflow and halt the data acquisition
on that board. For these cases and when only the status information concerning the completion of the
acquisition is desired, setting fullCheck to 0 is recommended.

done returns an indication of whether the data acquisition has completed.
0: the data acquisition is not yet complete.
1: the acquisition is complete.

If you have chosen either continuous acquisition of scans in the MDAQ_ Setup function or unlimited acquisition
of frames after the first trigger in the MDAQ_ Start function, then the status remains O until the acquisition is
stopped with MDAQ_ Stop or an error (such as a FIFO overflow) has stopped the acquisition, after which done
becomes 1.

currentScan returns the number of the last completed frame. In frame-oriented acquisitions, currentScan
ranges from O (when the acquisition has not yet started—for example, when waiting for the first trigger in
posttrigger mode) to the total number of frames to be acquired (as defined in MDAQ_ Start). This number
reaches 2,147,483,647 (the maximum long value) before rolling over to 0 and continuing to count. In scan-
oriented acquisitions, currentScan is 0 until the acquisition is complete, at which time currentScan becomes 1.

currentScan returns the most recent scan number that has been acquired within the current frame. In frame-
oriented acquisitions, currentScan ranges from 0 (when the frame has not yet started—for example, when
waiting for a trigger in posttrigger mode) to the number of scans in a frame (as defined in MDAQ_ Setup).
Furthermore, if the frames include pretrigger scans, then currentScan reaches the number of scans in a frame
then wrap around to 1 and continue counting. In scan-oriented acquisitions, currentScan ranges from 0 to the
number of posttrigger scans to collect. If continuously scanning, then currentScan reaches 2,147,483,647 (the
maximum signed long value) before rolling over to 1 and continuing to count. When fullCheck is 0,
currentScan is always set to 0.
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MDAQ_Clear

Function
Stops data acquisition but does not change the current configuration (for example, channel coupling, trigger
mode and conditions, sampling rate, active input channels). Also clears the acquisition buffer and deallocates
any resources used during the acquisition.

Synopsis

C Syntax locus 132 MDAQ_ Clear (u32 deviceNumber) ;

Pascal Syntax function MDAQ_Clear (deviceNumber : i32) : i32;

BASIC Syntax | FN MDAQ Clear (deviceNumberé)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

MDAQ_Clear does not affect any settings, but it does release the acquisition buffer and other resources used.
To start another data acquisition, a MDAQ_ Setup is required before executing MDAQ_Start again.

MDAQ_Clear must be called before exiting your application; otherwise, resources are not properly deallocated.

MDAQ_Get

Function

Transfers acquired data from the acquisition buffer into the user's buffer while data acquisition is in progress or
after data acquisition is complete. MDAQ_Get can retrieve data from anywhere in the acquisition buffer.

Synopsis

C Syntax locus i32 MDAQ_Get (u32 deviceNumber, u32 scansOrFrames, u32
getOrTap, u32 count, u32 startFrame, u32 startScan, u32
timeout, il6 *buffer, u32 *actualCount, u32 *currentFrame,
u32 *currentSample, ul6 *done);

Pascal Syntax function  MDAQ_Get (deviceNumber : i32; scansOrFrames : 132;
getOrTap : 132; count : i32; startFrame : i32; startScan

i32; timeout : i32; buffer : pil6; var actualCount
i32; wvar currentFrame : i32; var currentSample : 132; var
done : 116) : 132;

BASIC Syntax FN MDAQ_Get (deviceNumberé&, scansOrFrames&, getOrTapé&, counté,
startFrame&, startScané&, timeouté&, buffer&, actualCountég,
currentFrame&, currentSample&, done&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

scansOrFrames indicates whether to retrieve scans or frames from the acquisition buffer.

0: scansOrFrames: get scans from the acquisition buffer.
1: scansOrFrames: get frames from the acquisition buffer.
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getOrTap indicates the retrieval method used to retrieve data from the acquisition buffer.
0 (performing a GET): get oldest data sequentially.
1 (performing a TAP): get most recently acquired data.

In either case, a starting frame and scan can be specified. When performing a GET, NI-DAQ for Macintosh
uses an internal sequential retrieval pointer to keep track of what has been retrieved to guarantee sequential
access. No such pointer is maintained when performing a TAP.

count is the number of scans or frames to retrieve from the acquisition buffer. If scansOrFrames is 0 and the
acquisition is frame-oriented, then count ranges from 1 to the number of scans in a frame (pre_trig_scans +
postScans). Scans can not be retrieved across frame boundaries. If scansOrFrames is 1, then count ranges
from 1 to the number of frames in the acquisition buffer.

startFrame is the frame number to begin copying from. If performing a GET (getOrTap = 0) and startFrame
is not 0, then copying begins from startFrame, and after copying the internal sequential retrieval pointer is set
to the frame after the last frame copied. If performing a GET and startFrame is O, then the internal sequential
retrieval pointer is used to determine where to begin copying. If performing a TAP (getOrTap = 1) and
startFrame is not 0, then copying begins from startFrame. If getOrTap is 1 and startFrame is O, then the
most recently acquired data is copied. When performing a TAP, no internal retrieval pointers are used or
modified.

startScan is the scan number to begin copying within startFrame. If scansOrFrames is 1, then startScan is
ignored. If scansOrFrames is 0 and startFrame is 0, then startScan must also be 0.

timeout is the number of clock ticks (1/60 s) to wait for data that has not yet been acquired. There are two
special cases for timeout:

-1: wait indefinitely.

0: return immediately if the data has not been acquired.

buffer is the address of a non-relocatable array or otherwise allocated memory to store the data retrieved from
the acquisition buffer. The integer data is copied from the acquisition buffer to buffer. If more than one input
channel is being sampled, the samples from the different channels is interleaved in the following order:

(Sample 1, channel 0), (Sample 1, channel 1), (Sample 1, channel 2), (Sample 1, channel 3), (Sample 2,
channel 0), (Sample 2, channel 1), (Sample 2, channel 2), (Sample 2, channel 3), (Sample 3, channel 0),
(Sample 3, channel 1), and so on.

actualCount returns the number of items copied from the acquisition buffer to buffer. When scansOrFrames
is 1, actualCount indicates the number of complete frames that were transferred. When scansOrFrames is 0,
actualCount indicates the number of scans that were transferred. When an error has not occurred, actualCount
should equal count. If an error has occurred, then actualCount indicates how much of buffer is actually valid
data.

currentFrame returns the number of the last frame from which data was copied. If currentFrame is O, then no
data was copied.

currentSample returns the last scan number within currentFrame that was copied from the acquisition buffer
to buffer. If currentSample is 0, no data was copied.

done returns an indication of whether the data acquisition has completed.
0: the data acquisition is not yet complete.
1: the acquisition is complete.

If you have chosen either continuous acquisition of scans in the MDAQ_ Setup function or unlimited acquisition

of frames after the first trigger in the MDAQ_ Start function, then the status is always 0 because data
acquisition runs indefinitely until stopped by an MDAQ_ Stop or MDAQ_Clear call.
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Call MDAQ_Get to retrieve data from the acquisition buffer both while acquisition is in progress and after
acquisition is complete. MDAQ_ Get allows double-buffered data acquisition. Because the acquisition buffer is
circular, you must retrieve data fast enough to keep pace with the acquisition or data can be overwritten. If you
attempt to retrieve overwritten data, an overWriteErr is returned.

If performing a GET (getOrTap = 0) and a starting place that has been overwritten is selected, an
overWriteErr is returned, as well as the oldest available data. If performing a TAP (getOrTap = 1) and a
starting place that has been overwritten is selected, then an overWriteErr and no data is returned.

MDA Q_ScanRate

Function
Selects the data acquisition scan rate, that is, the rate at which all selected input channels are sampled.

Synopsis

C Syntax locus i32 MDAQ_ScanRate (u32 deviceNumber, u32 scanlInterval, 132
timebase) ;

Pascal Syntax function  MDAQ_ScanRate (deviceNumber : i32; scanInterval : 1i32;
timebase : 132) : 132;

BASIC Syntax | FN MDAQ_ScanRate (deviceNumber&, scanlIntervalg, timebase&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

scanInterval indicates the length of the scan interval (that is, the amount of time to elapse between samples on
any one channel).
Range: 2 through 65,535 on the NB-A2000.
1, 2 on the NB-A2100.
1,2, 4, 8 on the NB-A2150.
Because the NB-A2100 only samples at fixed timebase rates, the scanInterval must be 1 for the
NB-A2100.

On the NB-A2000, the scanInterval is a function of the timebase resolution selected by timebase. The actual
scan interval in seconds is determined by the following formula:

scanInterval * (timebase resolution)

On the NB-A2100 and NB-A2150, the actual sampling frequency in hertz is determined by the following
formula:

timebase frequency
scanInterval

timebase is the resolution to use for the sample-interval counter on the NB-A2000 or the sampling frequency to
use on the NB-A2100.

For the NB-A2000, timebase has the following possible values:

-1: 200 ns
0: reserved
1: 1ups
2: 10ps
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3: 100 ps
4: 1ms
5: 10ms
For the NB-A2100, timebase has the following possible values:
1: 48kHz
2: 44.1kHz
3: 32kHz

On the NB-A2100, although it is possible to select a 16 kHz conversion rate, data integrity is not guaranteed or
specified and the ADC is likely to perform erratically. However, it is recommended that if you are not using the
ADC but are using the DAC at the 16 kHz update rate, you should also set the ADC conversion rate at the
16-kHz rate for less noise interference between the A/D and D/A word clock signals.

For the NB-A2150, timebase has the following possible values:

timebase NB-A2150F NB-A2150C NB-A21508
0 30.72 kHz Fu Fy
1 51.2 kHz 48 kHz 24 kHz
2 48 kHz 44.1 kHz 20 kHz
3 32 kHz 32 kHz 16 kHz

If timebase O is selected on the NB-A2150C or NB-A2150S, you must have a custom crystal installed on the
board that defines Fy,. F, is the user-defined sample rate and is obtained by dividing the custom-installed

crystal frequency by 384. F,, should range from 8 kHz to 51.2 kHz.

Table 6-12 gives the minimum scan rate values allowed on the NB-A2000.

Table 6-12. Minimum Scan Rate Values on the NB-A2000

channelCount timebase scanlnterval actual interval
1 -1 5 1 us
2 -1 10 2 us
4 -1 20 4 us

If external sample clock was selected in A2000_Config, the scanInterval and timebase values are ignored

and an error is returned as a warning.
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MDAQ_Setup
Function
Selects how much data to buffer in memory and how much data to acquire for each trigger.
Synopsis
C Syntax locus i32 MDAQ_Setup (u32 deviceNumber, u32 bufferSize, u32
scansOrFrames, u32 preScans, u32 postScans, il6 *buffer);
Pascal Syntax function  MDAQ_Setup (deviceNumber i32; bufferSize i32;
scansOrFrames i132; preScans i132; postScans i32;
buffer pil6) i32;
BASIC Syntax | FN MDAQ_Setup (deviceNumber&, bufferSize&, scansOrFramesé&, preScansg,
postScansé&, buffer&)
Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the

Devices section in Chapter 1, Getting Started, for more information.

bufferSize indicates the size of the large circular buffer (the acquisition buffer) used during the data acquisition.
bufferSize is either the number of scans or the number of frames in the acquisition buffer depending on the
setting of scansOrFrames (see below). MDAQ_ Setup returns an error if bufferSize is too large. How the size

of the acquisition buffer in bytes is calculated is explained in buffer.

scansOrFrames indicates whether the acquisition is scan oriented or frame oriented.

0:
of scans in the acquisition buffer.
1:

scan-oriented acquisition, a single posttrigger frame is acquired,

and bufferSize indicates the number

frame-oriented acquisition, bufferSize indicates the number of frames in the acquisition buffer.

preScans is the number of scans before a trigger to collect in each frame.

postScans is the number of scans after a trigger to collect in each frame.

When scansOrFrames = 1 (frame-oriented), then the frame size is preScans + postScans. The acquisition

buffer contains bufferSize number of frames of this size.
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The valid combinations of settings for scansOrFrames, preScans, and postScans and their relationship to
acquisition modes are shown in Table 6-13.

Table 6-13. Valid Combinations of MDAQ_Setup Parameters

Parameter Combination Results

scansOrFrames = 1 frame-oriented data acquisition

preScans = 0 posttrigger mode

postScans > 0 frame_size = (postScans) * channelCount
bufferSize is in frames

scansOrFrames = 1 frame-oriented data acquisition

preScans =0 pretrigger mode

postScans > 0 preScans) = channelCount
bufferSize is in frames

scansOrFrames =0 scan-oriented data acquisition

preScans =0 posttrigger mode (only valid mode)

postScans > 0 bufferSize is in scans
postScans is total number of scans to
acquire
use frameCount = 1 in MDAQ_Start call

scansOrFrames =0 scan-oriented data acquisition

preScans =0 posttrigger mode (only valid mode)

postScans > 0 bufferSize is in scans.

Use frameCount = 1 in MDAQ_ Start call.

Note: When scansOrFrames = 0, setting preScans greater than O returns an error.
When scansOrFrames = 1, setting postScans equal to O returns an error.

buffer is a pointer to a non-relocatable memory space allocated by the user for the acquisition buffer. A zero
pointer tells the driver to automatically allocate the acquisition buffer. We recommend that you set buffer to 0
to let the driver handle memory for you unless you need to use a NuBus memory expansion board. To use a
memory expansion board, set buffer to the 32-bit mode address of the start of the buffer on the memory board.
When you allocate a buffer and pass the pointer to the buffer in buffer, be sure to allocate the correct amount of
storage. For example, if you want a buffer to hold 10 frames, where

channelCount (from MAI_Setup) = 2 (two channels)
preScans = 500
postScans = 2000

then you want to allocate bytes of storage (as explained in the following equation) and set bufferSize to 10.

(channelCount) * (preScans = postScans) * (number of frames) * (16-bit integer)
=2 % (500 + 2000) * 10 * 2
= 100,000 bytes

Conversely, if you want a buffer to hold 20,000 scans for a four channel acquisition, be sure to allocate 160,000
bytes of storage (as explained in the following equation) and set bufferSize to 20,000.

(number of channels) * (number of scans) * (16-bit integer) = 4 * 20,000 * 2 = 160,000 bytes

Notice that if you allocate a buffer, it is your responsibility to deallocate the memory; NI-DAQ for Macintosh
does not attempt to release memory that it does not allocate.

If the memory allocated for the buffer supports block-mode memory transfers and you are using an NB-A2000

board with an NB-DMA2800, you can force the driver to use high-speed block-mode transfers by setting the
A2000_Config mem_type parameter to 1. When using block-mode DMA transfers, the buffer base address
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must be aligned at a NuBus block boundary. The NuBus block size is 64 bytes (16 32-bit words); a NuBus
block boundary is a multiple of NuBus block size. When acquiring frames, the frame size (sum of preScans
and postScans) must be a multiple of NuBus block size. When acquiring scans, bufferSize and postScans (if
postScans is not 0) must each be a multiple of NuBus block size. If any of the above conditions are not met, an
error is returned.

If you are using an NB-A2000 with an NB-DMA2800 on a Macintosh Quadra 700 or Quadra 900, buffer size is
a multiple of NuBus block size as described previously, and either buffer is 0 or buffer is at a NuBus block
boundary, the driver will automatically use block-mode DMA transfers.

On the NB-A2000, postScans must always be at least 2, and when a frame-oriented acquisition is to acquire
pretrigger data, preScans must be at least 3. Additionally, if MAT_Setup has been called to configure an
acquisition for a single channel, postScans must be even for a scan-oriented acquisition, and the sum of
postScans and preScans must be even for a frame-oriented acquisition. When an acquisition is configured for
two or more channels, no such restrictions apply.

On the NB-A2100 or NB-A2150, if MAI_Setup has been called to configure and sample only one channel, the
number of scans to acquire (postScans) in the scans-oriented acquisition, or the number of scans to acquire per
frame (postScans and preScans) in the frames-oriented acquisition must be a multiple of 2. Also, if the number
of scans to acquire in the scans-oriented acquisition or the number of scans to acquire per frame in the frames-
oriented acquisition is greater than 131,072 if one channel is being scanned, greater than 65,536 if two channels
are being scanned, or greater than 32,768 if four channels are being scanned, the number of scans should meet
one of the following conditions:

«  Beapower of 2 (that is, 65,536 (210), 131,072 (217), 262,144 (218), and so on).
e Be a multiple of 10 if less than 500,000.
*  Be a multiple of 100 if greater than 500,000 and less than 5,000,000.

*  Be a multiple of 1,000 if greater than 5,000,000 and less than 50,000,000.

MDAQ_Start

Function
Starts a multiple-channel data acquisition operation.

Synopsis

C Syntax locus i32 MDAQ_Start (u32 deviceNumber, u32 frameCount) ;

Pascal Syntax function MDAQ_Start (deviceNumber : i32; frameCount : i32) : i32;

BASIC Syntax | FN MDAQ_Start (deviceNumber&, frameCounté&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

frameCount is the number of triggers recognized and for which data is acquired. If scansOrFrames has been
setto 1 (frames) in MDAQ_ Setup, then frameCount indicates the number of frames to acquire. The
acquisition runs until frameCount number of frames has been acquired, at which time the acquisition stops (as
if MDAQ_ Stop had been called). Setting frameCount to 0 means that the acquisition is in unlimited frame
acquisition mode. Unlimited frame acquisition mode indicates that the driver recognizes and acquire frames of
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data for triggers indefinitely. In this case, the acquisition does not end until either MDAQ_ St op or
MDAQ_Clear is called.

If scansOrFrames has been set to 0 (scan-oriented data acquisition) in MDAQ_ Setup , then frameCount must
be set to 1 (only one posttrigger frame is acquired) and scans are acquired after the first trigger is received.
Furthermore, if postScans has been set to O (preScans must be 0 when scansOrFrames is 1), then the NB-
A2000, NB-A2100, or NB-A2150 acquires an unlimited number of scans until either MDAQ_ St op or
MDAQ_Clear is called.

If you chose continuous acquisition of scans in MDAQ_Setup or unlimited acquisition of frames in
MDAQ_Start, you get an error if the NB-A2100 board was unable to acquire a DMA channel for data
acquisition. This error is designed to prevent your computer from locking up when continuous data acquisition
is done in programmed I/O mode on the NB-A2100.

MDAQ_Stop

Function
Stops the data acquisition but leaves all settings in effect and the acquisition buffer accessible.

Synopsis
CSyntax locus i32 MDAQ_Stop (u32 deviceNumber) ;
Pascal Syntax function  MDAQ_Stop (deviceNumber : 132) : i32;
BASIC Syntax | FN MDAQ_Stop (deviceNumberé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

MDAQ_ Stop stops the data acquisition process but leaves the acquisition buffer accessible for subsequent
MDAQ_Get calls. Because all settings are left in effect, the data acquisition can be restarted (not resumed) by
calling MDAQ_Start again.
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MDAQ_Trig_Config

Function
Selects trigger source and configures the analog and digital trigger conditions.

Synopsis

C Syntax locus i32 MDAQ Trig_Config(u32 deviceNumber, u32 digitalTrigger, u32
edge, u32 analogTrigger, u32 triggerCount, u32 source, u32
triggerSlope, 132 triggerLevel, u32 hysteresisWindow, u32
timeout) ;

Pascal Syntax function MDAQ_Trig_Config(deviceNumber : i32; digitalTrigger :
i32; edge : 132; analogTrigger : i32; triggerCount : 132;
source : 132; triggerSlope : 132; triggerlLevel : 132;
hysteresisWindow : i32; timeout : i32) : 132;

BASIC Syntax FN MDAQ_ Trig_Config(deviceNumberé&, digitalTriggeré&, edgeg,
analogTrigger&, triggerCounté&, source&, triggerSlopes,
triggerlLevel&, hysteresisWindowé&, timeouté)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

digitalTriggerenables or disables the digital trigger input (DTRIG on the NB-A2000 or EXTTRIG* on the
NB-A2100 and NB-A2150) I/O connector.

0: digital trigger disabled.

1: digital trigger enabled.

edge selects which edge of the digital trigger input signal generates a trigger.
0: trigger on falling edge.
1: trigger on rising edge.

edge is ignored unless digitalTriggeris 1.

Because the NB-A2100 and NB-A2150 always trigger on the falling edge, edge must be O for these boards.

analogTrigger enables or disables the analog trigger circuitry on the NB-A2000 or NB-A2150 or the software
trigger capability on the NB-A2100.

0: analog trigger disabled.

1: analog trigger enabled.
All of the remaining parameters, described as follows, are ignored if analogTrigger is O.

triggerCount is the number of analog trigger occurrences to wait for before storing data.
Range: On the NB-A2000 and NB-A2150, the analog trigger is recognized through the hardware, and this
value must be 1.
Range: On the NB-A2100, the analog trigger is recognized through the software, and this value must be
greater than or equal to 1.

source selects the analog trigger source as follows:

For the NB-A2000:

0 = analog input channel 0.

1 = analog input channel 1.

2 = analog input channel 2.

3 = analog input channel 3.

4 = external analog trigger input ATRIG.
For the NB-A2100:

0 = analog input channel 0.
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1 = analog input channel 1.
For the NB-A2150:

0 = analog input channel 0.

1 = analog input channel 1.

2 = analog input channel 2.

3 = analog input channel 3.

triggerSlope selects which slope condition at the selected analog trigger input generates a trigger.
0: trigger on negative slope.
1: trigger on positive slope.

triggerLevelis the code for the input value of the selected analog trigger signal that generates a trigger.
Range: -2,048 to 2,047 on the NB-A2000 which corresponds to a +5.12 V analog trigger range in 2.5 mV
steps. For example, atrig_level = 800 corresponds to a voltage trigger level of +2 V.
Range: -32,768 to 32,767 on the NB-A2100 and NB-A2150 which corresponds to a #2.828 V analog
trigger range.

hysteresisWindow is the number of digitizing levels below triggerLevel(for positive slope) or above
triggerLevel(for negative slope) that the input signal must go before a valid trigger crossing at triggerLevelis
recognized.
Range: The NB-A2000 does not provide a hysteresis analog trigger, and hysteresisWindow must be 0 on
the NB-A2000.
Range: 0 to 65,535 on the NB-A2100 and NB-A2150. However, the following restrictions apply:

. If positive slope is selected through triggerSlope, triggerLevel- hysteresisWindow = -32,768.

. If negative slope is selected through triggerSlope, triggerLevel+ hysteresisWindow < 32,767.

timeout is the number of clock ticks (1/60 s) to wait for the specified number of analog triggers to occur after
data acquisition starts. timeout is ignored for the NB-A2000 and NB-A2150 because these boards implement
the analog trigger in hardware and wait indefinitely for the trigger to occur. There are two special cases for
timeout on the NB-A2100:

-1: wait indefinitely.

0: stop immediately if analog trigger conditions have not been met.

MDAQ_Trig_Config must be called to configure trigger circuitry for hardware triggered acquisition. For
pretrigger data acquisition, a hardware trigger must be selected. If neither analog nor digital trigger is enabled, the
driver starts acquisition immediately by a software trigger when MDAQ_ Start is called. Thus, only posttrigger
data is acquired. On the NB-A2000, when analog and digital triggers are both enabled, the first trigger conditions
met are recognized as the trigger and the other trigger conditions are ignored within each frame. See Configuring
the Trigger Conditions earlier in this chapter for a description of the valid trigger modes on the NB-A2100 and
NB-A2150. Triggering can also be controlled from the RTSI bus (see Chapter 9, RTSI Bus Trigger Functions).

The NB-A2100 and NB-A2150 provide hysteresis when looking at an analog trigger. Hysteresis acts like a noise
filter, ensuring that small variations in the input signal are not mistaken for actual triggers. The amount of variation
that is to be ignored is selected by hysteresisWindow. For example, if a positive slope has been selected,
triggerLevelis 2,048, and hysteresisWindow is 256, the triggering scheme first looks for a sample that is at 1,792
or below—that is, 256 below atrig_level. After finding this sample, the triggering scheme starts looking for a sample
that is at 2,048 (the atrig_level) or above, and when the triggering scheme finds this sample, it triggers. If a
negative slope has been selected, the triggering scheme first looks for a sample that is hysteresisWindow digitizing
levels above the triggerLeveland then for a sample that is at or below the triggerLevel.

On the NB-A2100, analog triggering is implemented in software and all 16 bits of the triggering levels are used for
triggering. On the NB-A2150, analog triggering is implemented in hardware and only the upper eight bits of the
hexadecimal value of triggerLeveland the upper eight bits of the hexadecimal value obtained by adding and
subtracting hysteresisWindow to or from triggerLevel, are used for triggering. For example, values 2,048

(800 hex) and 2,303 (8ff hex) for triggerLevelwill both be treated as 2,048 on the NB-A2150.
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MDAQ_Trig_Delay

Function

Selects the time to delay after a trigger is received before acquiring data. (Posttrigger mode only)
Synopsis

C Syntax locus i32 MDAQ_Trig_Delay(u32 deviceNumber, u32 delayInterval, i32

timebase) ;

Pascal Syntax function MDAQ_Trig_Delay (deviceNumber : i32; delayInterval : i32;
timebase : 132) : 1i32;

BASIC Syntax | FN MDAQ_Trig_Delay (deviceNumber&, delayIntervalg, timebaseé)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.

delayInterval is the time to wait after the trigger before acquiring data in posttrigger mode. On the
NB-A2000, setting delayInterval to O causes data to be acquired immediately after the trigger occurs. Setting
delayInterval to 65,535 and timebase to 5 (10-ms timebase) causes the acquisition to start 655.35 s, or
10.9 min, after the trigger (this is the longest possible delay).

Range: 0, 3 through 65,535

timebase is the resolution to be used for the delay counter. For the NB-A2000, timebase has the following
possible values:
-1: 200 ns.
reserved.
1 ps.
10 ps.
100 ps.
1 ms.
10 ms.

A

On the NB-A2100 and NB-A2150, timebase must be set to 0. The sampling rate timebase set in
MDAQ_ScanRate is also used as the delay counter timebase. So, if delayInterval is set to 64,000, the
timebase frequency is set to 32 kHz, and scan interval is set to 1, then the acquisition would start

64,000
(32,000/1)

or 2 s after the trigger. At system startup or after a Board_Reset, the frequency corresponding to timebase 1
and scanInterval 1 is selected for the A/D sampling rate.

timebase is ignored if delayInterval is 0. The NB-A2000, NB-A2100, and NB-A2150 default to no posttrigger
delay.

If NI-DAQ for Macintosh has been configured to acquire pretrigger data, then a delay after triggering before
beginning to sample is meaningless. In this case, the delay is not accepted and a trigDelaylgnoredErr is
returned as a warning.

If NI-DAQ for Macintosh has been configured to acquire only posttrigger data, then a delay can be set. If
MDAQ_Setup is called to setup an acquisition to acquire pretrigger data as well, then the delay is reset to zero
and an error is given.
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SCXI Functions

This chapter describes functions used to configure and communicate with SCXI modules and chassis.

SCXI hardware can condition analog input signals, isolate analog and digital I/O signals, and multiplex channels to
increase the number of analog and digital signals that a plug-in DAQ board in your computer can process. An SCXI
system consists of the following components, as shown in the Figure 7-1:

*  Plug-in DAQ boards in your computer

»  External SCXI chassis that house plug-in SCXI modules. You connect one or more modules to the plug-in
DAQ boards using SCXI ribbon cable assemblies.

*  SCXI terminal blocks that you use to connect signals to the SCXI modules

Personal Computer

MIO-16 Data
Acquisition Board

— " [52E Jomner

SCXI-1340 Cable
Assembly

SCXI Chassis

SCXI Module

SCXI Terminal
Block or Connector-
and-Shell Assembly

Figure 7-1. The SCXI System
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NI-DAQ for Macintosh works with the following SCXI chassis and modules:

*  SCXI-1000 4-slot chassis

*  SCXI-1001 12-slot chassis

*  SCXI-1100 32-channel multiplexer amplifier module

*  SCXI-1102 32-channel multiplexer amplifier module for thermocouples

*  SCXI-1120 8-channel isolation amplifier module

*  SCXI-1121 4-channel isolation amplifier with excitation module

*  SCXI-1122 16-channel transducer multiplexer module

*  SCXI-1124 6-channel isolated analog output module

*  SCXI-1140 8-channel simultaneously sampling differential amplifier module

*  SCXI-1141 8-channel analog input module with programmable gains and filters
*  SCXI-1160 16-channel electromechanical SPDT relay module

*  SCXI-1161 8-channel electromechanical SPDT relay module

*  SCXI-1162 32-channel optically isolated digital input module

*  SCXI-1162HV 32-channel high-voltage optically isolated digital input module
*  SCXI-1163 32-channel optically isolated digital output module

*  SCXI-1163R 32-channel optically isolated solid-state relay module

You can use the following DAQ boards in combination with SCXI hardware and NI-DAQ for Macintosh:
*  All DIO boards

*  All MIO boards

* All Lab and 1200 series boards

e DAQCard-700

Please refer to the SCXI Modules and Compatible Data Acquisition Boards section later in this chapter for
information about the functionality of each DAQ board with each type of SCXI module.

SCXI Installation and Configuration

To install your SCXI system, follow the instructions in the Installing Your SCXI Hardware section in Chapter 1,
Getting Started. After you assemble your SCXI system, you must run the NI-DAQ Control Panel to enter your
SCXI configuration; NI-DAQ needs the configuration information to program your SCXI system correctly. The
SCXI Configuration section in Chapter 1 contains detailed instructions for entering your SCXI configuration using
the NI-DAQ Control Panel.
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Using SCXI Modules with the NI-DAQ Functions

For analog input operations, use the SCXI functions for configuration and setup. After you configure the SCXI
system, you can use the Analog Input functions in Chapter 3, Analog Input Functions, and the Data Acquisition
functions in Chapter 6, Data Acquisition Functions, to actually acquire the data on the DAQ board.

For digital I/O operations, you can use the SCXI functions for configuration, setup, and to perform the digital
operations themselves. You can use the Digital I/O functions in Chapter 5, Digital I/O Functions, with those
modules that operate in Parallel mode.

For SCXI analog output modules, you must use the SCXI functions to generate output voltages at the SCXI module.

The SCXI Applications section later in this chapter contains flowcharts and explanations of how to use SCXI
modules with NI-DAQ.

SCXI Operating Modes

The way that DAQ boards have access to the signals from the modules depends on the operating modes of the
modules. There are two basic operating modes for SCXI modules—Multiplexed and Parallel. The operating mode is
a parameter that you enter in the configuration utility.

Multiplexed Mode for Analog Input Modules

When an analog input module operates in Multiplexed mode, all of its input channels are multiplexed to one module
output. When you cable a DAQ board to a multiplexed analog input module, the DAQ board has access to that
module's multiplexed output, as well as the outputs of all other multiplexed modules in the chassis via the SCXIbus.
The SCXI functions route the multiplexed analog signals on the SCXIbus for you transparently. So, if you operate
all modules in the chassis in Multiplexed mode, you only need to cable one of the modules directly to the DAQ
board.

If you use an MIO DAQ board, a PCI-1200, or a DAQCard-1200 you can multiplex all the analog input channels in
the SCXI chassis to one onboard channel dynamically during a timed acquisition. The SCXI functions program the
chassis with a module scan list that dynamically controls which module sends its output to the SCXIbus during a
scan. You can specify that the modules be scanned in any order and specify an arbitrary number of channels for
each module; however, the channels on each module must be scanned in consecutive, ascending order.

Note: The DAQCard-700 and Lab series boards support only single-channel acquisitions in Multiplexed mode.

By default, when you cable a DAQ board to a multiplexed module, the multiplexed output of the module (and all
other multiplexed modules in the chassis) appears at analog input channel 0 of the DAQ board.

You can use more than one SCXI chassis with one MIO board if the modules operate in Multiplexed mode. You
must use one SCXI-1350 multichassis adapter for each additional chassis (refer to your SCXI module user manuals).
You should also enter a unique jumper-selected address in the configuration utility for each chassis. The
multichassis adapter scheme sends the output of the module in the first chassis to analog input channel O of the DAQ
board, the output of the module in the second chassis to analog input channel 1 of the DAQ board, and so on. When
you want to acquire data from the additional chassis, you must specify the correct onboard DAQ board channel in
the MIO channel scan list that is passed to the SCAN functions.

Multiplexed Mode for Digital and Relay Modules

Multiplexed mode is referred to as Serial mode in the digital and relay module hardware manuals. When you
operate your digital or relay module in Multiplexed (or Serial) mode, NI-DAQ communicates the module channel
states serially over the SCXIbus backplane. The SCXI-1162, SCXI-1162HV, SCXI-1163, and SCXI-1163R
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modules have jumpers that you must set correctly for the module to operate in Multiplexed (or Serial) mode.
Because NI-DAQ can communicate with the multiplexed modules over the SCXIbus backplane, you only need to
cable one multiplexed module in each chassis directly to the DAQ board in the computer.

Multiplexed Mode for Analog Output Modules

The SCXI-1124 analog output module supports only Multiplexed mode (or Serial mode). This means that NI-DAQ
sets the analog output channel states by communicating serially over the SCXIbus. Because NI-DAQ can
communicate with the multiplexed modules over the SCXIbus backplane, you only need to cable one multiplexed
module in each chassis directly to the DAQ board in the computer.

Parallel Mode for Analog Input Modules

When an analog input module operates in Parallel mode, it sends each of its input channels directly to a separate
analog input channel of the DAQ board cabled to the module. You cannot multiplex parallel outputs of a module on
the SCXIbus; only a DAQ board that you cable directly to a module in Parallel mode has access to its input
channels. In this configuration, the total number of analog input channels is limited to the number of channels
available on the DAQ board. In some cases, however, you can cable more than one DAQ board to modules in an
SCXI chassis. For example, you can use two Lab-NB boards and cable each one to a separate SCXI-1120 module in
the chassis operating in Parallel mode. You must be sure to enter the correct device numbers in the Cabled Device
field of the configuration utility for each module you operate in Parallel mode.

By default, when a module operates in Parallel mode, the module sends its channel O output to analog input
channel 0 of the DAQ board, the channel 1 output to analog input channel 1 of the DAQ board, and so on.

Parallel Mode for Digital Modules

When you operate a digital module in Parallel mode, the digital lines on your DAQ board directly drive the
individual digital channels on your SCXI module. You must cable a DAQ board directly to every module that you
operate in Parallel mode. The SCXI-1162, SCXI-1162HV, SCXI-1163, and SCXI-1163 R modules have jumpers
that you must set correctly for the module to operate in Parallel mode.

You may wish to use Parallel mode instead of Multiplexed mode for faster updating or reading of the SCXI digital
channels. For the fastest performance in Parallel mode, you can use the Digital I/O functions in Chapter 5 with the
appropriate onboard port numbers instead of using the SCXI functions. Refer to the SCXI Modules and Compatible
Data Acquisition Boards section later in this chapter for information about which digital ports on each DAQ board
are actually used in Parallel mode.

Note: A DAQ board that is cabled to an SCXI-1162, SCXI-1162HV, SCXI-1163, or SCXI-1163R in Parallel
mode cannot be the communication path in the configuration utility.

If you are using a DIO-96, you can also operate a digital module in Parallel mode using the digital ports on the
second half of the ribbon cable (pins 51 to 100). So, the DIO-96 can operate two digital modules in Parallel mode—
one module using the first half of the ribbon cable (pins 1 to 50) and another module using the second half of the
ribbon cable (pins 51 to 100). Set the operating mode in the configuration utility to Parallel (secondary) for the
module that will be using the second half of the ribbon cable.

SCXI Modules and Compatible Data Acquisition Boards

The capabilities and limitations described in this section should help you determine how your hardware components
can work together in your application, and help you determine the best SCXI configuration for your application.
Please refer to your SCXI module and chassis user manuals and DAQ board user manuals for detailed information
about the capabilities and limitations of your hardware.
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The SCXI-1100

The SCXI-1100 module has 32 differential analog input channels. The input voltage range is -10 to +10 V at a gain
of 1. The SCXI-1100 has a software-selectable gain with values of 1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, and
2,000. You use the SCXI_Set_Gain function to program the module gain. NI-DAQ does not use the gain menu
in the NI-DAQ Control Panel; LabVIEW only uses that menu.

The SCXI-1100 also has a software-selectable calibration mode that you can use to determine the zero offset of the
module (see the SCXI_Calibrate_Setup function description).

The SCXI-1300 and SCXI-1303 terminal blocks that can be used with the SCXI-1100 module each have an onboard
temperature sensor that is jumper-configurable to be either multiplexed with the other input channels (MTEMP), or
to be sent directly to a different DAQ board channel (DTEMP). In the MTEMP configuration, you can select to read
the temperature sensor using the SCXI_Single_Chan_Setup function; in the DTEMP configuration, the
temperature sensor output will appear on DAQ board channel 1. If you multiply the voltage read from the
temperature sensor on the SCXI-1300 by 100, you will get the temperature in degrees Celsius. The temperature
sensor on the SCXI-1303 is a thermistor; you must use the thermistor conversion routine described in Appendix D.

Please refer to the SCXI-1100 User Manual for more information on the hardware-selectable signal conditioning
features on the module.

The SCXI-1100 supports only the Multiplexed operating mode; it does not support Parallel mode.

You can cable an MIO board directly to an SCXI-1100 module using the SCXI-1340 cable. You must use the
SCXI-1341 cable to connect the SCXI-1100 to a Lab or 1200 series board. Use an SCXI-1342 cable with the
DAQCard-700.

The SCXI-1102

The SCXI-1102 has 32 differential analog input channels and one cold-junction sensor channel (CJISTEMP) that is
selectable through the SCXI_Single_Chan_Setup function. When you use the module with an SCXI-1300 or
SCXI-1303 terminal block, the terminal block temperature sensor connects to CISTEMP. The module can multiplex
CJSTEMP with the other 32 input channels during a hardware-controlled scan. On each channel, including
CJSTEMP, the SCXI-1102 has a 3-pole low-pass filter to reject 60 Hz noise. Each of the 32 differential analog input
channels (but not CJSTEMP) also has an amplifier with a selectable gain of 1 or 100, selected through the
SCXI_Set_Gain function. The amplification and filtering occur before multiplexing.

When you change the gain on a channel, the output will take several seconds to settle. The module contains a Status
Register to indicate that the output is in the process of settling, and this information is available to applications
through the SCXI_Get_Status function.

The SCXI-1102 supports only Multiplexed operating mode; it does not support Parallel mode.

The SCXI-1120 and the SCXI-1121

The SCXI-1120 and SCXI-1121 are 8-channel and 4-channel isolation modules, respectively. The input voltage
range on both modules is -5 V to +5 V. The modules have a hardware-selectable gain on each input channel with
values of 1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, and 2,000. NI-DAQ does not use the gain menu in the NI-DAQ
Control Panel; LabVIEW only uses that menu. Refer to the SCXI_Scale function to compensate for SCXI-1120
and SCXI-1121 gain.

The SCXI-1121 also has four excitation channels that can be used for voltage or current excitation.

The SCXI-1320 and SCXI-1328 terminal blocks that you can use with the SCXI-1120 and SCXI-1121 modules
each have an onboard temperature sensor that is jumper configurable to be either multiplexed along with the other
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input channels in Multiplexed mode (MTEMP), or to be sent directly to another DAQ board channel (DTEMP). In
the MTEMP configuration, you can select to read the temperature sensor using the SCXI_Single_Chan_Setup
function; in the DTEMP configuration, the temperature sensor output will appear on DAQ board channel 15 for the
SCXI-1120 and channel 4 for the SCXI-1121. Notice that the DAQ board must be in Pseudodifferential mode to
read the temperature sensor in DTEMP mode with the SCXI-1120. If you multiply the voltage read from the
temperature sensor on the SCXI-1320 by 100, you will get the temperature in degrees Celsius. The temperature
sensor on the SCXI-1328 is a thermistor; you must use the thermistor conversion routine described in Appendix D.

The SCXI-1321 terminal block that can be used with the SCXI-1121 module has shunt resistors that can be enabled
by using the SCXI_Calibrate_Setup function. The SCXI-1327 terminal block can divide the input signals
applied to the SCXI-1120 or SCXI-1121 by 100. See the SCXI_Scale function to compensate for this
attenuation.

Please refer to the SCXI-1120 and SCXI-1121 user manuals for information on the hardware-selectable signal
conditioning features available on the modules.

The SCXI-1120 and the SCXI-1121 modules support both Multiplexed and Parallel operating modes.

You can cable an MIO board directly to an SCXI-1120 or SCXI-1121 module using the SCXI-1340 cable. You
must use the SCXI-1341 cable to connect the SCXI-1120 or SCXI-1121 to a Lab or 1200 series board. Use an
SCXI-1342 cable with the DAQCard-700.

The SCXI-1122

The SCXI-1122 has 16 differential analog input channels. The input voltage range is -5 to +5 V at a gain of 1. The
SCXI-1122 has a software-selectable gain that applies to all channels on the module; use the SCXI_Set_Gain
function to program the module gain. NI-DAQ does not use the gain menu in the NI-DAQ Control Panel;
LabVIEW 3.0 only uses that menu. This module also has a programmable lowpass filter with cut-off frequencies of
4 Hz and 4 kHz. Use the SCXI_Set_Filter function to select the filter setting.

The SCXI-1122 supports Multiplexed mode only; it does not support Parallel mode.

The SCXI-1322 terminal block that you can use with the SCXI-1122 has an onboard thermistor that you can use to
do cold-junction compensation for temperature readings. You can use the thermistor conversion routine described in
Appendix D to convert the thermistor volt