DA(

NI-DAQ" User Manual for
PC Compatibles

Version 4.8

Data Acquisition Software for the PC

May 1995 Edition
Part Number 320498C-01

O Copyright 1990, 1995 National Instruments Corporation. All Rights Reserved.

This document was created with FrameM aker 4.0.4



Internet Support

GPIB: gpib.support@natinst.com
DAQ: dag.support@natinst.com

V X1: vxi.support@natinst.com
LabVIEW: lv.support@natinst.com
LabWindows: lw.support@natinst.com
HiQ: hig.support@natinst.com

FTP Site: ftp.natinst.com

Bulletin Board Support

BBS United States: (512) 794-5422 or (800) 327-3077
BBS United Kingdom: (44) 635 551422
BBS France: (1) 48 65 15 59

E FaxBack Support

(512) 418-1111 or (800) 329-7177

<><> Telephone Support (U.S.)

Tel: (512) 795-8248

Fax: (512) 794-5678 or (800) 328-2203
O(} International Offices

Australia (03) 879 9422, Austria (0662) 435986, 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 2637 5019,

Italy 02/48301892, Japan (03) 3788-1921, Korea 596-7456, Mexico 202 2544,

Netherlands 03480-33466, Norway 32-84 84 00, Singapore 2265886, Spain (1) 640 0085,

Sweden 08-730 49 70, Switzerland 056/20 51 51, Taiwan 62 377 1200, U.K. 1635 523545

National Instruments Corporate Headquarters

6504 Bridge Point Parkway Austin, TX 78730-5039 Tel: (512) 794-0100



Important Information

Warranty

Copyright

Trademarks

The media on which you receive National Instruments software are warranted not to fail to execute programming
instructions, due to defectsin materials and workmanship, for aperiod 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 Instrumentswill 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. Thislimitation of theliability 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.

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.

LabVIEWY, NI-DAQY, RTSI”, DAQCardD , DAQ Designer] , DAQPadd , DAQ-PnPO , DAQ-STCO ,
DAQWarell , NI-DSPO , and NI-PGIADO 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.

This document was created with FrameM aker 4.0.4






Table
of
Contents
Table of Contents
About This Manual
How to Usethe NI-DAQ Manual SEt .......ccccceeveeerere e XiX
Organization of ThISManUal ........cccceeueieieeiiiieere et sne s XX
Conventions Used in TIS ManUal ..o XX
About the National Instruments Documentation SEt ...........cccvveeveiererenerenenesenesienens XXiii
Related DOCUMENTALION ......cviviirieiriieriee et XXiV
Customer COMIMUNICALION .......couirieririeeerieesieesieesieesees e sesse st ne e e ssenesseseens XXiV
Chapter 1
Introduction to NI-DAQ
About the NI-DAQ Software for PC Compatibles ..........ccoeiveeneieneineencnieeiees 1-1
The DAQWAre ULIITIES ...ccoeeeeeeeeeeeece e 1-2
INStAlliNg DAQWEIE ....oviiiiiitiieterie s 1-2
DAQWare Hardware SUPPOIT ........coveerueerieerieerieeseesesieseeseseeieseens 1-3
NI-DAQ Distribution Medial.........cccoeereririnereneree e 1-3
How to Set Up Your DAQ SYSIEM ..ot 1-4
N LB AN @ @ = oV S 1-6
NI-DAQ Hardware SUPPOIT .........ccerueuerieirieiriee ettt 1-6
NI-DAQ Language SUPPOIT .......ccverrirrerrereenresresreseeeeeese e eese e 1-7
NI-DAQ Installation fOr DOS .......cccoiiieiereeeeeeeese e sre e 1-7
NI-DAQ Installation for LADVIEW .......cceeieeeeeieeeeeese e 1-8
NI-DAQ Installation for LAbWIindowWS/CV 1 ......c.ooveiriviiecise e 1-8
NI-DAQ Installation fOr WINAOWS .........cceieieeeirene e 1-9
NI-DAQ Modificationsto the SYSTEM.INI File ... 1-10
NI-DAQ Installation for WindoWS NT ......c.coveieirinieesene e 1-10
INSEAAtTiON ULHILY ..o e 1-11
Device Installation and ConfigUIation ............ccoeereirreneinienesesesee s 1-13
Configuring PCMCIA DAQ CardS ......ccoererieneriereeereeie s 1-14
Configuring Parallel Port DAQ Devices (DAQPaS) .......ccccccevvverienenienenienens 1-14
Configuring Plug and Play (Switchless) DEeVICES ........ccoeereerieerienenienenieens 1-14
Configuring DAQ Deviceson ISA (PC AT/XT) COMPULES'S .....cccoevereereruenens 1-16
Configuring DAQ Devices on EISA COMPULESS ......c.ccereeereeerieerieienienenienens 1-16
SCXI Hardware INStallation ..........cccooeireriienereses e 1-19
USING DAQCONF ....oooeoceeceeeeeeseeeeeeeeeees e eeseees s aesesseessesaen e 1-20
NI-DAQ Configuration File .........cccoereriiririseeseeeeseees 1-20
O National Instruments Corporation v NI-DAQ User Manual for PC Compatibles

This document was created with FrameM aker 4.0.4



Table of Contents

Device Configuration in DAQCONF ........ccccevviieviesiee e 1-21
SCXI Configuration in DAQCONF .........ccovvieviviieeveee e 1-23
DAQCONF Command-Line Flags .......ccccceeveveneeciseece e 1-25
USING WDAQCONF ...ttt ettt et 1-25
SCXI Configuration in WDAQCONF ........ccccevvvieveee e seeiens 1-28
The Fundamentals of Building DOS Applications with NI-DAQ ........cccccvevvvveiennen. 1-31
Creating aDOS Application Using Microsoft C ........ccccoeveveevinniecesieniens 1-31
EXample Programs .........ccceceeieieeiecienieseese e ees s esne e snee e 1-32
Creating aDOS Application Using Visual BaSiC .......cccccceeveveeveciesesieiens 1-32
Running Y our Application Inside the Visual Basic
ENVIFONMENT ... e 1-34
Compiling and Running Y our BASIC Application from the
DOS Prompt ..coceviiiieciiesiinsieeies et re e 1-34
Example Programs .........cccceeveenieveeneceee e 1-35
Creating a DOS Application Using Borland Turbo C++ or
BOrand CH ... s 1-35
EXample Programs .........cccceeieieeiecesieceese e ees s esas e ses e e 1-37
Creating a DOS Application Using Borland Turbo Pascdl ............ccccoeeveeniens 1-37
Memory REQUITEMENT ........c.cociieereeiesie et 1-38
EXample Programs .........cccceeieieeiecesieceese e ees s esas e ses e e 1-38
The Fundamentals of Building Windows Applications with NI-DAQ .........ccccceeeeeee. 1-38
The NI-DAQ LIDIari€S ..o veeeee ettt 1-39
NI-DAQ Programming Considerations ..........ccccceevveveeveeveeseesiennnens 1-39
Buffer AIIOCATON ........ccoiieeieereeeere e 1-40
Huge (Greater Than 64 KB) Buffer ACCESS .......cccveuvenneee. 1-40
SN PSSING ...veveeeiecieeeeeere et 1-40
Parameter Passing ......ccccccceveveeieseese e 1-40
Data Acquisition WithDMA .......ccoeiveeeeee e, 1-40
Creating aWindows Application Using Borland C++ .........cccocevieieiieiens 1-41
EXample Programs .........ccceceeieieenesesiesee e esne e e e 1-41
Special CoNSIAErations .........ccceeeerieeiieseere e 1-41
Buffer AIIOCATON ........ccoiieeieereeeere e 1-41
Huge BUFfer ACCESS ....covveeiereece e 1-42
SN PASSING ...vecveeieeiicicceee e 1-42
Parameter Passing ......ccccccceeveveeiieseese e 1-42
Creating a Windows Application Using Microsoft Visual C++ .................... 1-42
Special CoNSIAErationS ........ccccveeierieeiieeeeie et 1-43
Creating a Windows Application Using Turbo Pascal ..........cccccoeeveievieins 1-43
EXample Programs .........ccceceeieieenesesiesee e esne e e e 1-44
Special CoNSIAErationS ........ccccveeierieeiieeeeie et 1-44
Buffer AIIOCATON ........ccoiieeieereeeere e 1-44
Huge BUFfer ACCESS ....covieevereece e 1-44

NI-DAQ User Manual for PC Compatibles vi O National Instruments Corporation



Table of Contents

SHING PASSING ..oveveeieeeeeeeeee e 1-45
Parameter Passing ......ccccoceveereeierieeeseseseseseseeseeseeseeneenens 1-45
Creating a Windows Application Using Microsoft Visual Basic .................. 1-46
EXampPle Programs ........ccceeeeeeerenie s seese e seeaeaeseeeenens 1-46
Special CoNSIAErations .......ccceveveereeerieeeeesie e 1-46
Buffer AlIOCAHON ..o 1-46
Huge BUFfer ACCESS ...ocvvveeeeeeeeeese et 1-47
SHING PASSING ..eveeeeeeeeeeceees e 1-47
Parameter Passing ......ccccoceveeveeierieeesese e seseseeseeseeseeneenens 1-47
The Fundamentals of Building Windows NT Applicationswith NI-DAQ .................. 1-48
The NI-DAQ for WindowWS NT FIlES ......cccecveeiecieicecteceece et 1-48
Creating aWindows NT Application Using Microsoft Visual C++
FOr WINAOWS NT .ot 1-49
Special CoNSIAErations .......cccceveeveereeiereeieeerese e 1-49
Changing 1/O Page Lock Limit .......c.cccovvivveverenereceenene 1-49
User Privilege Level When Using NI-DAQ .......cccccevveeee. 1-50
Chapter 2
Hardware Overview
The MIO and Al MUltifunction 1/O DEVICES .......coeeeeeeeeeeeeeeee e 2-1
MIO and Al Device ANAlOg INPUL ......cocerieirieiriereseee e 2-1
MIO-16/16D Data ACQUISITION ......ccerveerreerienesieneeie e 2-2
MIO-16/16D Data Acquisition TimMing .........cccecveeervenenees 2-4
MIO-16/16D Data Acquisition RAES ..........cccoveerercereennnes 2-6
E Series, AT-MIO-16F-5, AT-MI10-64F-5, and AT-M10-16X
Data ACQUISITION ....ecueiiiitiieie et 2-6
E SeriesData Acquisition Timing ........ccveeeveeeneeenennnnes 2-8
AT-MIO-16F-5, AT-MI0O-64F-5, and AT-MI0O-16X
Data Acquisition TiminNg ......ccoccoeveermeenieieneeneseeeseseeees 2-10
E Series, AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X DAQ REAES ....ceevevereeririeievieieviee s 2-11
MIO Device ANalOg OULPUL .........cerveuermeerieerieerieesieesie e 2-11
MIO Device Waveform Generation ..........c.ccocveeveeeneneseneseseneas 2-12
MIO E Series Waveform Generation Using Onboard Memory ...... 2-12
AT-MIO-16X and AT-MI0O-64F-5 Waveform Generation
Using ONnboard MEemOrY ........cccceveireeneeniee e 2-13
Am9513-Based Device Digital 1/O ......cccecvveceieireisesese s 2-14
E Series Digital [/O ....ccovviiciieiieesee et 2-15
Am9513-Based Device Counter/Timer Operation ..........coceceeeeereienerenenens 2-16
Programmable Frequency Output Operation ..........c..cccoeeveeereenenne 2-20
Am9513-Based Device Counter/Timer USAZe ......ccoovveereeereeerienens 2-20

O National Instruments Corporation vii NI-DAQ User Manual for PC Compatibles



Table of Contents

E Series Counter/Timer OPEration ..........cccccveveeeesieeieeseeeeseeceeseeseeseeesee e 2-22
E Series Programmable Frequency Output Operation .................... 2-23
E SErTES PRI PINS ..ottt 2-23

The Lab-PC+, SCX1-1200, DAQPad-1200, and DAQCard-1200 Multifunction
[/O DIBVICES ...ttt ettt bbbt bbb bbb e 2-23
Lab Board Analog INPUL ....cc.oceeeeiieieeeecseese et 2-23
Lab Board Data ACQUISITION ....cc.eevieeieiiciiecieceece et 2-24
Lab Board Data Acquisition Timing .......cccceecvveevveceenennne. 2-26
Lab Board Data Acquisition Rates ..........ccceeevevevivieennenne. 2-27
Lab Board ANalog OULPUL ........cecveeieeiieieceesie et 2-28
Lab Board Waveform Generation ..........c.cceceeveverenenesenenesieseeneas 2-28
Lab Board Digital 1/O .....ccoevieriieireeseese e 2-28
Lab BOard GrOUPRS .......cccooevueerieriieniesiiesiesee e eeesreeeesneesesneesnesnee e 2-29
Lab Board Interval Counter/Timer Operation .........ccccceeveveeveeceeseeseeseeseeseens 2-29
Lab Board Counter/TIMErS ......cocvererereresenie e 2-29
SCX1-1200, DAQPad-1200, and DAQCard-1200 Performance ................... 2-31
DAQPEA-1200 PriNtING ...c.coveeeeeireeririeisieesieesieesiesesesessesssessesesseessesessesessens 2-31
SCX1-1200, DAQPad-1200, and DAQCard-1200 Cdlibration ............c.c...... 2-31
The PC-LPM-16 Multifunction 1/O BOard ..........ccceeeeeeerierierinenesesese e 2-32
PC-LPM-16 ANaAlOg INPUL ......cceeiveeieeieeicceesee et 2-32
PC-LPM-16 Data ACQUISILION .....cc.eecveeeeeiierieiie e s 2-32
PC-LPM-16 Data Acquisition Timing .........ccccceevvreennenne. 2-33
PC-LPM-16 Data Acquisition Rates ............ccceevevvreenenne. 2-34
PC-LPM-16 Digital /O ...ooveeiieieeseese e 2-34
PC-LPM-16 Interval Counter/Timer Operation .........ccccceeceveeveeieereeseesenseens 2-34
PC-LPM-16 Counter/TIMEY'S .....cccceeererirenienieresesiesie e 2-35
The DAQCard-500 and DAQCard-700 Multifunction 1/O DeVicCes .........cccecevvrnenen. 2-36
DAQCard-500 and DAQCard-700 Analog INPUL ......ccccveeereeceeieeee e 2-36
DAQCard-500 and DAQCard-700 Data Acquisition ...........ccce..... 2-36

DAQCard-500 and DAQCard-700 Data

AcquisItion TIMING ...ccccoveeeveee e 2-37
DAQCard-500 and DAQCard-700 Digital 1/O ....ccovevveiieiceeseeeeeeiens 2-38
DAQCard-500 and DAQCard-700 Interval Counter/Timer Operation ......... 2-38
DAQCard-500 and DAQCard-700 Counter/TImers ........ccccceeeeenen. 2-38
The AT-AO-6/10 Analog OULPUL BOITS .......cceevvieiiiieciecieeie et 2-40
AT-AO-6/10 ANAIOG OULPUL ....cvevereinieiiisiieeiesieiesie s es 2-40
AT-AO-6/10 Waveform Generation ..........ccoceeevvereneneneseseneneens 2-40
Waveform Generation Using Onboard Memory .........cccceeveeenns 2-40
Hardware Restrictions for the AT-AO-6/10 .........ccccveeveninereneenes 2-41
AT-AO-6/10 Digital 1/O .oceeeeiieiesieeeeeee et 2-41
The EISA-A2000 Analog INput Board ...........ccccceeieiieieseccseee e 2-42
EISA-A2000 ANalOg INPUL ..c.coveieiiieeece e 2-42

NI-DAQ User Manual for PC Compatibles viii O National Instruments Corporation



Table of Contents

EISA-A2000 Data ACQUISILION ....ceeeueeeereeeeeeeeiese e 2-43

EISA-A2000 Data Acquisition Timing ......c.cceevvvrereerennnns 2-43

EISA-A2000 Data Acquisition RateS ........ccccvvvvvrvreerennnns 2-44

EISA-A2000 Counter/Timer OPeration ..........ccoeeerereererresieseseseseeseseeseenens 2-44
EISA-A2000 COUNEN/TIMEN'S ...c.evvinereieriireeieriereseeeseeeseeeseeeseeneneas 2-45

The AT-A2150 Audio INPUE BOAI ......ccveevereeeceeeeeeeese e 2-46
AT-A2150 ANAlOG INPUL ..eoveieeeceeeeeeee et e e ne e eneas 2-46
AT-A2150 Data ACQUISITION ...ceeeeeeeeeeeeeeere et 2-46

The AT-DSP2200 Digital Signal Processing Board ..........cccccvevvevenvvievenieneseseeneenes 2-47
AT-DSP2200 ANalog INPUL .....oveieeeeeeeeeceses e eneas 2-47
AT-DSP2200 Data ACQUISITION .....cuveeeceeeirircesese et 2-48

AT-DSP2200 ANalog OULPUL ......cveeeeeeeeeecesresese e see e e sie e seenaeeeseeneenens 2-49
AT-DSP2200 Waveform Generation ..........cccevereeneeenseneeieneenens 2-49

The PC-TIO-10 Timing 1/O BOard .........cccovvevereriereeeceeeeeeese s 2-50
PC-TIO-10 Counter/Timer OPeration ........c.ccvceruererereereresieeeseseseeseeseeseenees 2-50
PC-TIO-10 CoUNtEr/TIMENS ...coveereieriieriereeiesieesee e 2-50

PC-TIO-10 Digital /O ..o 2-51

The PC-DI0O-96 Digital 1/O BOArd .........cccoviereirieriereeeeieeeeeesese e siese e see e saesenes 2-51
PC-DIO-96 Digital /O ..ot 2-51
PC-DIO-96 GIOUPS ...eeveeeerieeiesieestesseestesseessesseesseessssseessssseessssseessens 2-52

The DIO-24, AT-MIO-16D, and AT-MIO-16DE-10 Digital 1/O Devices .................. 2-53
DIO-24, AT-MI0O-16D, and AT-MIO-16DE-10 Digital 1/O ......c.ccceveverunee. 2-53

DIO-24, AT-MIO-16D, and AT-MIO-16DE-10 Groups ................ 2-53

The DIO-32F Digital [/O BOArdS ........ccccvveveerienieriereeeeeeeeeeesese e stessessessesseseeseensenes 2-54
DIO-32F Digital 1/O ..ot 2-54

The AMUX-64T External MUltipleXer DEVICE .....covevveeeeeeeerese e 2-55
Scanning Order Using the AMUX-=-64T .......cccoveoeieriereeenese e e seneneens 2-56

The SC-2040 Track-and-HOold ACCESSONY .....ccvevuereereeeeereeeeesesesresreseseessesseseeseesenes 2-59
The SC-2042-RTD ACCESSOIY ....ceceieereirieriereessesaeseeseesessessessessessessessessessessessessessessesenses 2-60
The SC-2043-SG ACCESSOMNY ...veiverreieeieeriersereeseeeeeeseesessessessessessesssssessessessensessessessesenses 2-60
ThEe SCXI HBIAWEIE ..ot 2-61
SCXI1 Installation and Configuration ...........ccceeeeeeveeierieeesiesie s e s sese s 2-62

SCX1 Operating MOGES .......ccvieriiriiiereereeeeeese s 2-62
Multiplexed Mode for Analog Input Modul€es .........ccccevvvvevenennee. 2-62

Multiplexed Maode for the SCX1-1200 ........ccccvevvvvivrnienesereseenens 2-63

Multiplexed Mode for Analog Output Modules ...........cccecvvereerenee. 2-64

Multiplexed Mode for Digital and Relay Modules ..........ccccoeenenee. 2-64

Parallel Mode for Analog Input Modul€s ..........cccceevvvvenenienesennns 2-64

Parallel Mode for the SCX1-1200 .......cccoceveereineierereereeseeees 2-65

Parallel Mode for Digital MOAUIES .......cccoevevevevenene e 2-65

SCXI1 Modules and Compatible DAQ DEVICES .....cccoeeveerervrenesnseneneneens 2-66

The SCXI-1100 ...cooiirieieiereee e e 2-66

O National Instruments Corporation ix NI-DAQ User Manual for PC Compatibles



Table of Contents

The SCXI-1102 ....ceiieeieieeeise et aaenas 2-67

The SCX1-1120 and the SCXI-1121 ......ccccceevvrirerieeriresereesesieeenas 2-68

The SCXI-1122 ....coceiiieieeeeseeee ettt sens 2-69

ThE SCXI-1124 ..ottt 2-70

The SCXI-1140 ....cciieeeieeeese et sens 2-71

ThE SCXI-114L ..ottt 2-72

The SCX1-1160 and the SCXI-1161 ......cccccevevrirrreerrererereesesineenas 2-73

The SCX1-1162 and SCXI-1162HV ......ccceveiirirrierireseieeseseienas 2-74

The SCX1-1163 and SCXI-1163R ......cccoceverreriiirriceeresereeseseeenas 2-74

The SCXI-1200 ....ccieiieieeeisiree e aesenas 2-75

MIO and Al DAQ DEVICES .....covvvvveeriririeieeiesie e ssse s 2-76

The Lab-PC+, PC-LPM-16, DAQCard-700, SCXI-1200, and

DAQCA-1200 .....ccoovevereriirerreinesesietesesesesseseesessssesesesesseseessssesess 2-78

The DIO-24 and the DIO-96 .......ccccoeeeverieiereiisseeeses e 2-79

THEDIO-32F ...ttt 2-80

Chapter 3
Software Overview

The Initialization and General -Configuration FUNCLIONS ..........cccceevvivvienenenevesenienes 32
The Software-Calibration and Device-Specific FUNCLIONS ........ccccccovvevievenieneseceeniene 34
The Event Message FUNCLIONS .......ccceiirieereeceeeeee et 3-6
Event Messaging Application HINtS ......ccvveieieereeeecceeese e 3-7
NI-DAQ Eventsin Visual Basic for Windows ..........ccceeeeveeveeveeieeceeseeieennns 3-8
Visual Basic Custom CONtrolS .........ccoveereeneieneieneesenese e 3-8
General DAQ EVENT ...t 39

ANalog Trigger EVENE .....cccoeeeeeeeececese e 311

ANAog AlarM EVENL ......ooeceeeeeeeeeeeee e 313

Using Multiple CONtrols .......ccoeeeeeeeveveseseseeseee e 315

General DAQ Event EXample ......ccvevvvvvvevereneneceeene 3-16

The Analog INput FUNCLION GIOUP ....cveveiereeeeeeeeeeeesese st seenaeneenes 3-18

The One-Shot Analog INPUt FUNCLIONS ......cccooveeeirececcce e 3-18

The Single-Channel Analog Input FUNCLIONS .........cccoevivvviinenienens 3-18

Single-Channel Analog Input Application Hints .............. 3-20

The Single-Scan Analog Input FUNCLIONS .......cccocevvvvenene e 322

Single-Scan Analog Input Application Hints .................... 323

Buffered Analog Input 3-25
Externally Clocked Analog Input with the

EISA-A2000 3-25
The Data AcqUISition FUNCLIONS ......ccceoveieeeecece e 3-27
The High-Level Data Acquisition FUNCLIONS .........ccccvevvvivnenienene 3-27
The Low-Level Data Acquisition FUNCLIONS .........cccccevievvienenienene 3-28

NI-DAQ User Manual for PC Compatibles X O National Instruments Corporation



Table of Contents

The Low-Level Double-Buffered Data Acquisition Functions ....... 331
Data Acquisition Application HIints .......cccceevvevvvnevenennn. 332
Counter/Timer Signals on the Lab-PC+,
SCX1-1200, DAQPad-1200, and

DAQCEArd-1200 ......ccevureriieririririeesieesieeneane 3-32
Counter/Timer Signals on the DAQCard-500,
DAQCard-700, and PC-LPM-16 ...........cecn.... 3-32
External Multiplexer Support (AMUX-64T) ...... 3-33
Basic Building BIOCKS ........cccoovvvvvneneniciceene, 3-33
Building Block 1: Configuration ...........cccceeee.. 3-34
Building Block 2: Start .......cccovvvvvvevenvieeene, 3-35
Building Block 3: Checking .......cccccvvveveerveeenene. 3-37
Building Block 4: Cleaning Up ......cccccevevvenenene. 3-39
Double-Buffered Data ACQUISITION ......cccoevvvveveenerierennnns 3-39
MUILITAtE SCANNING ...veveeeeeeeeereee e s seee e e eeenens 3-40
The MDAQ FUNCLIONS .....cooveieeiieciecteete ettt sreene s ne s 3-43
MDAQ ApplicatioN HINES ......ccoeveieeve e 3-44
Frame-Oriented and Scan-Oriented
Data ACQUISITION ....ocveveeveececie e 3-44
Configuring the Trigger Conditions..................... 3-45
Stopping Data ACQUISITION ......cccevveveerieiereeeenns 3-45
Using Onboard AT-DSP2200 Memory .............. 3-46
Typica MDAQ Function Usage .........ccceeveuenee. 3-46
The Analog Output FUNCLION GIOUP ....ooveiereeieeeeeeeeeeesesesesie s e e e e e eseeseenes 3-50
The Analog OULPUL FUNCLIONS .....c.coiveeceeceeceses e 3-50
Analog Output Application HINtS ......cccceeireeienecese e 3-51
Simple Analog Output Application .........cccceevvererereeneene 3-52
Analog Output with Software Update Application ........... 3-53
The Waveform Generation FUNCLIONS ..o 3-54
The High-Level Waveform Generation FUNCLiONS ..........ccccceeevieenne 3-54
The Low-Level Waveform Generation FUNCLIONS .........c.ccovveerinene 3-54
Waveform Generation Application Hints .........ccoceevvvvievnivnenenenns 3-56
Basic Waveform Generation Applications .........c.ccccevenee. 3-57
Basic Waveform Generation with Pauses ........... 3-60
Double-Buffered Waveform Generation
APPLICAIONS ..o 3-63
Reference Voltages for Analog Output
DEVICES ..ottt 3-66
Minimum Update Intervals ........ccoceovvevvevnienennns 3-67
Notes on DMA Waveform Generation with
the AT-MIO-16F-5 ......ccooveirrrireerene 3-67
Counter USAQE ....vveeeeeeeeeceeree e see e 3-68

O National Instruments Corporation Xi NI-DAQ User Manual for PC Compatibles



Table of Contents

Restrictions on the Use of a Delay Rate on

the AT-MIO-16X and AT-MIO-64F-5 ............ 3-69
FIFO Lag Effect on the MIO E Series,

AT-AO-6/10, AT-MI0O-16X, and

AT-MIO-B4F-5 ...ttt 3-70
Using Onboard AT-DSP2200 Memory .............. 3-70
Externaly Triggering Y our Waveform
Generation Operation ........ccccccevevceeveseesiennenn 371
The Digital 1/0 FUNCHION GrOUP ......oceeiieiiesieeiesieeieste et ete e sae s sne e snesaesresnnesnenn 371
DIO-24, AT-MI0O-16D, AT-MI0-16DE-10, PC-DI0O-96, Lab-PC+,
SCX1-1200, DAQPad-1200, and DAQCard-1200 Groups ........c.cceervereerens 3-74
DIO-32F GIOUPS ....veeviiiiieiiieeieesiteesseessesssteesseessbesssaesssesssseesseesssesssessnsesssessnns 3-74
The Digital 1/O FUNCLIONS ......ccceeiieieeciecees et s 3-75
The Group Digital /O FUNCLIONS .......cooviieiecieseeeseee e 3-76
The Double-Buffered Digital 1/0 FUNCLIONS .........cccoevevieeeeie e 3-78
Digital /O Application HINtS .......ccveiiiicecieeceee e 3-79
Latched Versus Nonlatched Digital 1/O ......ccoovevevviceveee e, 3-79
Digital Port [/O APPlICaIONS .......cceeoveeieeiieieie e 3-79
Digital Line /O APPHCALIONS ....c.cceeiieciieiecieeieceese et s 381
Digital Group 1/O APPlICALIONS ......cccvecreeieeieieceee e 3-82
Digital Group Block 1/O Applications .........ccccveeeveeeeie e 3-84
Digital Double-Buffered Group Block I/O Applications...........ccccceccevvevienen. 3-86
Pattern Generation 1/0O with the DIO-32F ..o 3-88
Double-Buffered 1/0 with the DIO-32F ... 3-90
The Counter/Timer FUNCLION GIOUD .......cocueiviriierieeiesieee e ere e eseeseesae e sresnae e sneseean 3-92
Device Support for the Counter/Timer and Interval Counter/Timer
FUNCLIONS ...ttt e e 3-92
The Counter/Timer FUNCLIONS ........oooieiiiieeeeereeest e e 3-92
Counter/Timer Operation for the CTR FuUNnctions ...........ccccceeevenen. 3-94
Programmable Frequency Output Operation ...........cccceveeeveeveeceenen. 3-97
Counter/Timer Application HIiNtS .......cccccevveveeveiie e 3-98
Event-Counting Applications ..........cccceeeveveececeesie e, 3-103
Period and Continuous Pulse-Width Measurement
APPHCALIONS ..o 3-106
The Interval Counter/Timer FUNCLIONS .......cooeiiirieninineneeee e 3-108
Interval Counter/Timer Operation for the ICTR Functions ............ 3-108
Interval Counter/Timer Application HIintS ........cccoeveeevveceveeienen, 3-109
The Genera-Purpose Counter/Timer FUNCLIONS .........cccoevevveveeneeceeseecee e 3-109
The Genera-Purpose Counter/Timer Application Hints ................. 3-110
The Memory Management FUNCLIONS ........c.ooceiieiineceseccceee e e 3-110
The RTSI BUS THQQEr FUNCLIONS .......cooveiieieeie ettt s 3114
TRERTSI BUS ..ottt s e 3-115

NI-DAQ User Manual for PC Compatibles Xii O National Instruments Corporation



Table of Contents

MIO-16 and AT-MIO-16D RTSI CONNECLIONS ....covvevvreeerieierieenieesieesieens 3-116
AT-MIO-16F-5, AT-MI0O-64F-5, and AT-MI10-16X RTS| Connections ..... 3-117
E Series DeviceS RTSI CONNECLIONS .....coovvevererieninerinesiees e 3-118
AT-AO-6/10 RTSI CONNECLIONS ....veuerviiriiirienieiesieiesieeseeesieeseee e es 3-118
DIO-32F RTSI CONNECLIONS ....oouvviieieieierieesieesieesieesie e 3-119
EISA-A2000 RTSI CONNECLIONS ....c.coverueierieiirieirieisieisiesee e 3-119
AT-A2150 RTSI CONNECLIONS ....cvvvvinirriiniiesienieieseeiesieesieesee e es 3-121
AT-DSP2200 RTSI CONNECLIONS .....cevvvinereiiriirieiesieiesieesieeseeeseeesieesie e s 3-123
RTSI Bus Application HINES .....cveeeeieieececesese s 3-124
The SCXI FUNCLIONS ..ot sttt 3-125
S O QAN o] o] ITor= (1] T 11 01 3-128
Building Analog Input Applicationsin Multiplexed Mode ............ 3-130
Building Analog Input Applicationsin Parallel Mode .................... 3-137

SCX| Data ACqUISITION RELES ....ccvevveeeeeeeeeieeee s 3-141

Analog Output APPIICALIONS ....ccvecvereeeeeeeeeee e enens 3-143
[DITo ez IAY ol o] FTor= 1o g 3-143
The Transducer CONVErsion FUNCLIONS .........cccoviirieinieerieesieese et seere s 3-144
Transducer Conversion Function DeSCriptions ........ccccccvevvevieneveseneseesenens 3-145
RTD_CONVEIT ....eiieeee ettt esee e sne e e neesneeneens 3-145

RTD_BUF _CONVEIT ..ot s enens 3-145

01001 3-145

Parameter DiSCUSSION ......cccvuiirierenienesiereeie et seesenens 3-145

Using ThiSFUNCLION ...c.voveeceeeeeeeee e 3-146

S = 1 T 0] 1Y, = S 3-147
Strain_ BUf_CONVEN ....ccoceieieerececeeeee e 3-147

01001 3-147

Parameter DiSCUSSION ......cccvvierierenieresiereeie st seere s seenenens 3-147

Using ThiSFUNCLION ...c.voieecicceeceee e 3-148
Thermistor_CONVEN .......cceceeceeeeeeeceee s 3-150
Thermistor Buf_CONVEIt .....coceeecececeeece e 3-150

01001 3-150

Parameter DiSCUSSION ......cccvuiirienenieneseresie et seere s seenenens 3-150

Using ThiSFUNCLION ...c.voieecicceeceee e 3-150

Thermocouple CONVENT ........ceecveeeeceeecere e 3-152
Thermocouple Buf_CONVENt ........coeceeevirecese e 3-152

01001 3-152

Parameter DiSCUSSION ......cccvuiirienenieneseresie et seere s seenenens 3-152

Using ThiSFUNCLION ...c.voieecicceeceee e 3-153

O National Instruments Corporation Xifi NI-DAQ User Manual for PC Compatibles



Table of Contents

Chapter 4
DMA and Programmed 1/0 Performance Limitations
An Explanation of Programmed I/O and DMA Transfers ......cocvvvvvivvieveenieninveseneens 4-1
Programmed [/O O DIMA ...ttt sttt st 4-2
Using DMA 0N AT BUS COMPULEN'S ......cceiuereeieriereeeeeseeeseseseestesseseessessesesssssssseneens 4-2
Page Boundaries in AT BUS COMPULESS ......ccceruereereereeereseseseeseseeseeseeseees 4-2
Using Physical Memory Above 16 MB on ISA Bus Computers.................... 4-3
General Performance Considerations for DOS ... 4-4
General Performance Considerations for Windows ...........cccveoveneineiesencsenesienenns 4-5
Programmed 1/O Performance in Windows .........cccoeeeerverienenienieseseseesenens 4-5
DMA Performance in WiNAOWS .........ccoerrerniennienne e 4-6
Buffers Requiring Reprogramming ........ccceeeeeveevesieseseesesieseesennes 4-6
Why Reprogramming Limits Performance .........ccccocvevevvvnivnennns 4-6
Results of Performance Limitation ..........c.ccccoevveirnnenninnenenes 4-6
Methods for Eliminating Performance Limitations .............cccccevun... 4-7
Methods Y ou Can Use to Avoid DMA Reprogramming ................ 4-8
Chapter 5
NI-DAQ Double Buffering
OVEIVIBIW ..ttt b et b e bbbt bbbt bbb 51
Single-Buffered Versus Double-Buffered Data .........ccocoeveereeinieenieineeseeseesie e 51
Double-Buffered INPUt OPErations .........cccoveereeirrerenieesee st 5-2
Problem SItUALIONS ......ccoiieiiccecee e e 54
Double-Buffered OULPUL OPEFaioNS ........co.coereeiriiiriiisiereeiesieie et 5-6
Problem SItUALIONS ......ccooeeiiccecee e 5-8
Double-Buffered FUNCLIONS .........ooiiieeeeeeeeeres e s 5-10
DB_Config FUNCLIONS ......coviiieiieiiieiesieesie e 511
DB_Transfer and DB_StrTransfer FUNCLIONS ........cccooeerenienincne e 511
DB_HalfReady FUNCLIONS ........coveeiieiiieierieerieesieeseei e 5-12
(0ol gTox 111 To] o TR 5-13

Customer Communication
Glossary

Index

NI-DAQ User Manual for PC Compatibles Xiv O National Instruments Corporation



Figures
Figure 1-1.
Figure 2-1.
Figure 2-2.
Figure 2-3.
Figure 2-4.

Figure 2-5.
Figure 2-6.
Figure 2-7.
Figure 2-8.

Figure 2-9.
Figure 3-1.
Figure 3-2.
Figure 3-3.
Figure 3-4.
Figure 3-5.
Figure 3-6.

Figure 3-7.

Figure 3-8.

Figure 3-9.

Figure 3-10

Figure 3-11

Figure 3-12
Figure 3-13
Figure 3-14

Figure 3-15
Figure 3-16
Figure 3-17
Figure 3-18
Figure 3-19

Table of Contents

How to Set up Your DAQ SyStEM ......cceveieirieieereresese e 1-5
Counter BIOCK DIiagram .........cceoeirieineirieinieeseesieseseses e 2-16
MI10O Device Counter Timing and OULPUL TYPES .....covververeeereeerecerienens 2-19
AT-MIO-16 and AT-MI10O-16D Counter/Timer Signal Connections....... 2-21
AT-MIO-16F-5, AT-MIO-64F-5, and AT-MI0O-16X Counter/Timer
SigNal CONNECLIONS........coveiereeiereierieist ettt 2-22
Interval Counter BIOCK Di@gram .........coceoeveenenenieneseneseseeesesie e 2-29
Lab Board Counter/Timer Signal CONNECLIONS .........cccecvvveerieenieerienenn 2-30
PC-LPM-16 Counter/Timer Signal CONNECLIONS ..........ccoeveeereeeericerienens 2-35
DAQCard-500 and DAQCard-700 Counter/Timer Signal
CONMNECLIONS ...ttt 2-39
EISA-A2000 Counter/Timer Signal CoNNECLioNS .........coeveeereeerecereenens 2-45
Single-Point Analog Reading with Onboard Conversion Timing .......... 321
Single-Point Analog Reading with External Conversion Timing ........... 322
Function Flowchart for Single-Scan Analog Input Readings ................. 325
Flowchart for an Externally Clocked Analog INPUL ........ccceereercerienens 3-26
Buffered Data Acquisition Basic Building BIOCKS .........cc.cccveircinienns 3-33
Buffered Data Acquisition Application Building Block 1,
CONFIQUIALTON ..vineieeeeeee et 3-34
Buffered Data Acquisition Application Building Block 2, Start, for
the M1O and Al DEVICES .......covieirieiricereesies e 3-36

Buffered Data Acquisition Application Building Block 2, Start, for

the Lab-PC+, DAQCard-500, DAQCard-700, PC-LPM-16,

SCXI1-1200, DAQPad-1200, and DAQCard-1200 .........ccccvveereerereereenene 3-37
Buffered DAQ Application Building Block 3, Checking, for the

MIO @N Al DEVICES ...ocvieeiireeeieeiereee ettt 3-38

. Buffered Data Acquisition Application Building Block 3,

Checking, for the Lab-PC+, DAQCard-500, DAQCard-700,

PC-LPM-16, SCX1-1200, DAQPad-1200, and DAQCard-1200 ............ 3-38
. Double-Buffered Data Acquisition Application Building Block 3,

CNECKING .ttt 3-40
. MUIIFaEE SCANNING ..coveiiriietereete et ebeseene 3-42
. Minimum Function Flowchart for an MDAQ Acquisition ...........cccce.... 3-47
. MDAQ Acquisition with Optional Coupling and Triggering

CONFIGUILTION ...t 3-49

. Equivalent Analog OULPUL CallS ........ccooveereirieienieneseeeseee e 351
. Simple Analog Output APPlICALTON ......cc.cerveirieirieeereee e 3-52
. Analog Output with Software Updates ............ccccverrenniennenneneenenens 3-53
. Basic Waveform Generation AppliCation ...........coeeeereenniencenieienieens 3-59
. Waveform Generation With Pauses ... 3-62

O National Instruments Corporation Xxv NI-DAQ User Manual for PC Compatibles



Table of Contents

Figure 3-20.
Figure 3-21.
Figure 3-22.
Figure 3-23.
Figure 3-24.
Figure 3-25.
Figure 3-26.
Figure 3-27.
Figure 3-28.
Figure 3-29.
Figure 3-30.
Figure 3-31.
Figure 3-32.
Figure 3-33.
Figure 3-34.
Figure 3-35.
Figure 3-36.
Figure 3-37.
Figure 3-38.

Figure 3-39.
Figure 3-40.
Figure 3-41.

Figure 3-42.

Figure 3-43.
Figure 3-44.

Figure 5-1.
Figure 5-2.
Figure 5-3.
Figure 5-4.
Figure 5-5.
Figure 5-6.

Double-Buffered Waveform Generation ...........ccccceeeeeenenieneneneneseeens 3-65
Basic Port Input or Output AppliCation .........ccccceevevieeveveere e 3-80
Basic Line Input or Output APPliCation .........ccccceeveveeveieeseseeseeieniens 381
Simple Digital Group Input or Output Application ..........cccceeveeveeiienen. 3-82
Digital Block Input or Output AppliCation ...........cccceevieveeriesiesesienienns 3-84
Double-Buffered BIock Operation ..........cccccveceveeveeveeneseeseseeseseeniens 3-87
Counter BIOCK DIi@gram ......cccceecieirieiiceerieeeeste e sre e e e 3-94
Counter Timing and OULPUL TYPES .....ecveeeveeeerreceesieeee e eae s eee e 3-97
YL | @0 U 11 o o S 3-100
PUISE GENEFELION ..ottt s 3-101
Simultaneous Counter OPEration ..........ccccveeereeveeseeiee e e s seesee e 3-102
Timer EVent COUNLING ......cccooviierieiee et 3-103
Pulse-Width MEaSUremMent ...........cooererereiieieereeeeeres e e 3-104
Frequency MeasUrémMent .........ccccuveveeiueeiieesee e see s e see e 3-105
Continuous Period MeasUremMEeNt ..........cccoceerererenereseseese s seeseesee s 3-107
Interval Counter BIOCK Diagram .........ccccevveceeieecie e 3-108
Basic RTSI Application Calls ........ccceecveeeiicece e 3-124
General SCXIbus AppliCation ..........ccceeeeieeeeie e 3-129

Single-Channel or Software-Scanning Operation Using the
SCXI1-1100, SCXI-1102, SCX1-1120, SCX1-1121, SCXI-1122, or

SCX1-1141 in Multiplexed MOdE .......ccccoveirieireiriereeseesee s 3-131
Single-Channel or Software-Scanning Operation Using the

SCXI1-1140 in Multiplexed Mode ........coovveeveeie e 3-133
Channel-Scanning Operation Using Modules in Multiplexed

MOOE ..t e e 3-135
Single-Channel or Software-Scanning Operation Using the

SCXI-1140 in Parallel MOUE ........ccooeireirieiresesee e 3-139
Channel-Scanning Operation Using the SCX1-1140 in Parallel

MOOE ..t e e 3-141
Strain Gauge Bridge Configuration ...........ccceceveveeveeveeveeceeseeee e 3-149
Circuit Diagram of a Thermistor in aVoltage Divider .........cccccocvenenen. 3-151
Double-Buffered Input with Sequential Data Transfers .........ccccceeevenee. 53
Double-Buffered Input with an Overwrite Before Copy ......ccccevvevenenes 54
Double-Buffered Input with an OVErwrite ........cccccceveeveveeveviececeeies 56
Double-Buffered Output with Sequential Data Transfers ..........cccveueee. 57
Double-Buffered Output with an Overwrite Before Copy ........ccceveueee. 5-8
Double-Buffered Output with an OVErWrite ........cccoceeveveeveviececieies 5-10

NI-DAQ User Manual for PC Compatibles Xvi O National Instruments Corporation



Tables
Table 1-1.
Table 1-2.
Table2-1.

Table 2-2.
Table 2-3.

Table 2-4.
Table 2-5.
Table 2-6.

Table 3-1.
Table 3-2.
Table 3-3.
Table 3-4.
Table 3-5.
Table 3-6.
Table 3-7.

Table 3-8.
Table 3-9.

Table 3-10.
Table 3-11.
Table 3-12.
Table 3-13.
Table 3-14.

Table of Contents

NI-DAQ Hardware SUPPOIT ..........cereeeerieerieinieesienesresesresesresesre s s 1-6
EISA Configuration FIlES ..o 1-18
MIO and Al Multifunction I/O Device Analog Input

CaraClefiStiCS ....oovevireeirieirieeriee e 2-1
Typical Settling Accuracies for Maximum Multiple-Channel

Scanning Rates for the Lab BOards ..........c.cccveerennennensenecsieesieee 2-27
Maximum Recommended Data Acquisition Rates for the

PC-LPM-16 ..ottt ettt st 2-34
Maximum EISA-A2000 Data AcquiSition RAES ..........cccovevereercenienns 2-44
Analog Input Channel RANGE ........ccooeireineereee e 2-55
AMUX-64T Scanning Order for Each M10O or Al Device

INPUE ChaNNEL ..o 2-58
General DAQ Event Control Properties ........c.ccveevennieneeseeseesieens 39
Analog Trigger Event Control Properties .........cccoeoeereeneeneeeneeneenens 312
Analog Alarm Event Control Properties ..........cccueveereeneeneeenseneenens 313
Output Voltages with Unipolar Output Polarity ..........cccoeeveeeneicnenenn 3-66
Output Voltages with Bipolar Output POlarity ..........ccceeereeeneicneienieenn 3-66
MIO-16/16D RTSI BUS SIQNEIS ....coeiveveieiiricirieerieesiesese e 3-116
AT-MIO-16F-5, AT-MIO-64F-5, and AT-MI0O-16X RTS|

BUS SIONAIS ..ottt 3-117
MIO-16/16D RTSI BUS SIQNEIS ....coeiveverieiiriciinieenieiesiesesie et 3-118
DIO-32F RTSI BUS SIQNaIS ....ccveieiiiecierieierieeseeeseese et 3-119
EISA-A2000 RTSI BUS SINEIS ....cociveeerieiiricinieesieesiesesieseee s 3-119
AT-A2150 RTSI BUS SIGNAIS ....oevevereeierieierieierieesieesie e 3-121
AT-DSP2200 RTSI BUS SIgNaIS ....oveiiieiiieerieeieeeees e 3-123
Maximum SCX| Data ACQUISITION RELES .........covvvereriereeerieereeiereeiereins 3-142
Temperature Error for Thermocouple Inverse Equations ...........cc.c........ 3-153

O National Instruments Corporation XVii NI-DAQ User Manual for PC Compatibles



About This Manual

About
This
Manual

The NI-DAQ User Manual for PC Compatiblesis for users of the
NI-DAQ softwarefor PC compatiblesversion 4.8. NI-DAQ softwareis
apowerful application programming interface (API) between your data
acquisition application and the National Instruments DAQ devices for
ISA and EISA bus computers.

How to Use the NI-DAQ Manual Set

First-Time NI-DAQ for
PC Compatibles More Experienced
Version 4.8 Users NI-DAQ Users

NI-DAQ

User Manual for hardware
PC Compatibles overview,

|
LY
"
L%
.y

Installation, NI-DAQ Function

Reference
and software —— Manual for
overview PC

Compatibles

_.ﬂ"lf- [ ——— el
e N SOUSESeR GRS

[
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Y ou should begin by reading the NI-DAQ User Manual for PC
Compatibles. Chapter 1, Introduction to NI-DAQ, containsinstructions
on how to install and configure your National Instruments hardware
and your NI-DAQ software. That chapter also contains aflowchart that
illustrates the sequence of steps you should take to learn about and get
started with NI-DAQ.

When you are familiar with the material in the NI-DAQ User Manual
for PC Compatibles, you can begin to use the NI-DAQ Function
Reference Manual for PC Compatibles. The NI-DAQ Function
Reference Manual for PC Compatiblesis a reference manual that
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About This Manual

contains detailed descriptions of the NI-DAQ functions. Windows
users can also use the Windows 3.1 help file Nl DAQFR. HLP, which
contains all of the function reference material.

Organization of This Manual

The NI-DAQ User Manual for PC Compatiblesisorganized asfollows:

*  Chapter 1, Introduction to NI-DAQ, describes how to install and
configure NI-DAQ and the fundamentals of creating NI-DAQ
applications in DOS, Windows, and Windows NT.

*  Chapter 2, Hardware Overview, contains hardware information
concerning your National Instruments DAQ device.

e Chapter 3, Software Overview, describes the classes of functions
in NI-DAQ and briefly describes each function.

»  Chapter 4, DMA and Programmed I/O Performance Limitations,
discusses data acquisition performance reductions caused by
interrupt latency in the Windows programming environment.

e Chapter 5, NI-DAQ Double Buffering, describes using double-
buffered data acquisition with NI-DAQ.

e The Customer Communication appendix contains forms you can
use to request help from National Instruments or to comment on
our products and manuals.

» TheGlossary contains an al phabetical list and description of terms
used in this manual, including abbreviations, acronyms, metric
prefixes, mnemonics, and symbols.

* ThelIndex contains an alphabetical list of key terms and topicsin
this manual, including the page where you can find each one.

Conventions Used in This Manual

The following conventions are used in this manual.

12-bit device These M10O and Al devices do not have an X in their name, such asthe
AT-MI0-16 and AT-MIO-64E-3.

16-bit device These M10O and Al devices have an X in their name, such as the
AT-MI0-16X and AT-MI10-16X E-50.

Al device An analog input device has an Al in its hame, such as the
NEC-AI-16E-4.
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bold

bold italic
DIO-24
DIO-32F
DIO-96

DIO board

E Series device

italic

i talic nmnospace
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MI10O-64

nonospace
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These M1 O devices do not have an E- in their names. These devices are
the AT-M10-16, AT-MIO-16F-5, AT-MI0O-16X, AT-MI10-16D, and
AT-MIO-64F-5.

Bold text denotes parameters, menus, and error messages.
Bold italic text denotes a note, caution, or warning.
Refers to the PC-DI0O-24 and DAQCard-DI10-24.

Refers to the AT-DIO-32F.

Refers to the PC-DIO-96.

Refersto any DIO-24, DIO-32F, or DIO-96 board.

These devices have an E- toward the ends of their names, such as the
AT-MIO-16DE-10 and DAQPad-MI0-16X E-50.

Italic text denotes emphasis, a cross reference, or an introduction to a
key concept.

Italic text in this font denotes that you must supply the appropriate
words or values in the place of these items.

The multifunction 1/0O devices have MIO in their names, such as the
AT-MI0-16 and NEC-M|0O-16E-4.

Refers to the AT-MI0O-16F-5, AT-MI0-16X, and the AT-M10-64F-5.
Refersto the AT-MI10-16 and AT-MIO-16D.

Refersto the AT-M10-16XE-50, DAQPad-M10-16XE-50, and
NEC-MI0O-16XE-50.

Refers to the AT-M10-64F-5 and the AT-M10-64E-4.

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. Thisfont 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.

Refers to the NI-DAQ software for PC compatibles unless otherwise
noted.

Refersto the IBM PC/XT, IBM PC AT, and compatible computers.

Refers to the SCX1-1100, SCX1-1102, SCXI-1120, SCX1-1121,
SCXI1-1122, SCX1-1140, and SCXI-1141.
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SCXI analog output
module

SCXI chassis
SCXI1 digital module

SCXI DAQ module

Refers to the SCX1-1124.

Refers to the SCX1-1000 and SCX1-1001.

Refers to the SCXI-1160, SCX1-1161, SCX1-1162, SCXI-1162HV,
SCXI-1163, and SCX1-1163R.

Refers to the SCX1-1200.

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

Thismanual uses generic termsto describe groups of deviceswhenever
possible. The generic terms for the MIO and Al devices are based on
the number of bits, the platform, the functionality, and the series name
of the devices. For example, 16-bit, MIO E Series devicesrefersto the
AT-MIO-16XE-50, DAQPad-MI10-16XE-50, and
NEC-MI0-16XE-50. Likewise, NEC E Series devices refers to the
NEC-AI-16E-4, NEC-Al-16XE-50, NEC-M|0-16E-4, and
NEC-MI0-16XE-50. Thefollowing tablelistseach MIO and Al device
and the possible classifications for each:

Device Bit Type Functionality Series
AT-MIO-16 12-bit AT MIO n/a
AT-MIO-16D 12-bit AT MIO n‘a
AT-MIO-16DE-10 12-hit AT MIO E Series
AT-MIO-16E-1 12-bit AT MIO E Series
AT-MIO-16E-2 12-bit AT MIO E Series
AT-MIO-16E-10 12-hit AT MIO E Series
AT-MIO-16F-5 12-bit AT MIO n/a
AT-MIO-16X 16-bit AT MIO n‘a
AT-MIO-16XE-50 16-hit AT MIO E Series
AT-MIO-64E-3 12-bit AT MIO E Series
AT-MIO-64F-5 12-bit AT MIO n‘a
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Device Bit Type Functionality Series
DAQPad-MI10-16XE-50 16-hit DAQPad MIO E Series
NEC-AI-16E-4 12-bit NEC Al E Series
NEC-AI-16XE-50 16-bit NEC Al E Series
NEC-MI0O-16E-4 12-hit NEC MIO E Series
NEC-MI0O-16XE-50 16-bit NEC MIO E Series

About the National Instruments Documentation Set

The NI-DAQ User Manual for PC Compatibles is one piece of the
documentation set for your system. Y ou could have any of several
types of manuals, depending on the hardware and software in your
system. Use the manuals you have as follows:

O National Instruments Corporation

Getting Started with SCXI—If you are using SCXI, thisisthefirst
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

Y our SCXI user manuals—These manuals contain detailed
information about signal connections and module configuration.
They also explain in greater detail how the module works and
contain application hints.

Y our DAQ hardware user manual s—These manual s have detailed
information about the DAQ hardware that plugs into or is
connected to your computer. Use these manuals for hardware
installation and configuration instructions, specification
information about your DAQ hardware, and application hints.

Software manual s—Examples of software manuals you might
have are the LabVIEW and LabWindows /CVI manual sets and
the NI-DAQ manuals. After you have set up your hardware
system, use either the application software (LabVIEW or
LabWindows/CVI) manuals or the NI-DAQ manuals to help you
write your application. If you have alarge and complicated
system, it is worthwhile to look through the software manuals
before you configure your hardware.
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Note: Only NI-DAQ for PC compatibles versions 4.6.1 and earlier support
LabWindows for DOS.

e 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. They explain
how to physically connect the relevant pieces of the system.
Consult these guides when you are making your connections.

e SCXI chassis manuals—These manuals contain maintenance
information on the chassis, installation instructions, and
information about making custom modules.

Related Documentation

The following documents contain information you may find useful as
you read this manual:

e Microsoft Visual C++ User Guide to Programming
* NIST Monograph 175

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 the
Customer Communication appendix at the end of this manual.
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Introduction to NI-DAQ Chapter

This chapter describes how to install and configure NI-DAQ and the
fundamental s of creating NI-DAQ applicationsin DOS, Windows, and
Windows NT.

About the NI-DAQ Software for PC Compatibles

Thank you for buying a National Instruments data acquisition (DAQ)
device for the PC/XT/AT, EISA, or PCMCIA platforms, which
includes NI-DAQ software for PC compatibles. NI-DAQ is a set of
functions that control all of the National Instruments plug-in DAQ
devices for analog 1/0, digital 1/0O, timing I/O, SCXI signal
conditioning, and RTSI multiboard synchronization.

NI-DAQ has both high-level DAQ 1/0O functions for maximum ease of
use and low-level DAQ I/0 functions for maximum flexibility and
performance. Examples of high-level functions are streaming data to
disk or acquiring a certain number of data points. Examples of low-
level functions are writing directly to registers on the DAQ device or
calibrating the analog inputs. NI-DAQ does not sacrifice the
performance of National Instruments DAQ devices because it lets
multiple devices operate at their peak performance.

NI-DAQ includes a Buffer and Data Manager that uses sophisticated
techniques for handling and managing data acquisition buffers so that
you can simultaneously acquire and process data. NI-DAQ can transfer
datausing DMA, interrupts, or software polling. NI-DAQ can use
DMA to transfer data into memory above 16 MB even on | SA-bus
computers.

With the NI-DAQ Resource Manager, you can simultaneously use
several functions and several devices. The Resource Manager prevents

multiple-board contention over DMA channels, interrupt levels, and
RTSI channels.

NI-DAQ can send event-driven messages to DOS, Windows, or
Windows NT applications whenever a user-specified event occurs.

O National Instruments Corporation 1-1 NI-DAQ User Manual for PC Compatibles

This document was created with FrameM aker 4.0.4



Chapter 1 Introduction to NI-DAQ

Thus, polling is eliminated and you can develop event-driven DAQ
applications. Some examples of NI-DAQ user events include when a
specified number of analog samples has been acquired, when the
analog level and slope of a signal match specified levels, when the
signal isinside or outside a voltage band, when a specified digital 1/0
pattern is matched, and when arising or falling edge occurred on a
timing /O line.

The DAQWare Utilities

DAQWareisaready-to-run, Windows-based software system included
with NI-DAQ for monitoring and controlling National Instruments
PC/XT/IAT, PCMCIA, and parallel port DAQ devices. DAQWare has
an intuitive graphical user interface for configuring, monitoring, and
controlling your DAQ devices. Analog, digital, and counter/timer |/O
testing panels are built into the menu-driven system for fast, easy
verification of the operation and capability of the board. You can use
DAQWare for the following purposes:

* You can use the Analog Input, Analog Output, Digital
Input/Output, and Counter/Timer test utilities contained in
DAQWare to ensure that your DAQ hardware is working
correctly.

e Youcan usethe DAQWareinstrument utilities to record voltages,
generate waveforms, and measure temperature. These instruments
are a Strip Chart Recorder and Data L ogger, a Function Generator,
and a Temperature Meter.

* You can use the configuration panels to choose from various
settings of analog input and output. If you have an MIO device,
you can also configure counters.

» Theoutputs of the Analog Output test, the Digital Output test, the
Counter/Timer test, and the Function Generator instrument
utilities remain unchanged until you change them. Therefore, you
can generate output and then run an Analog Input and Digital Input
test or the Strip Chart Recorder and Data L ogger to verify or
monitor the generated outputs.

Installing DAQWare

The NI-DAQ installation for Windows will automatically install
DAQWare and create a DAQWare icon in your NI-DAQ program
group. Refer the NI-DAQ Installation for Windows section later in this
chapter.
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Note: You must install and configure your DAQ devices before running
DAQWare. Refer to the Device Installation and Configuration section later
in this chapter.

DAQWare Hardware Support

DAQWare works with the National Instruments Al, M10O, DIO-24,
Lab-PC+, PC-LPM-16, DAQCard-500, DAQCard-700,
DAQCard-1200, and DAQPad-1200 devices. Refer to the
DAQWARE. TXT file for a complete listing of supported devices.

NI-DAQ Distribution Media

The NI-DAQ software for PC compatiblesare 3.5in., 1.44 MB format
floppy disks. Evenif you do not havea3.5in. floppy disk drive on your
computer, you may still be able to use the 3.5 in. diskettes under the
following circumstances:

O National Instruments Corporation

If your computer has5.25 in. floppy disk drives only but can share
aremote network drive, you can use a computer that does have a
3.5in. drive and copy the entire contents of the NI-DAQ software
for PC compatibles disks onto the remote drive. Y ou should create
adirectory on your remote drive with several subdirectoriescalled
di sk1, di sk2, di sk3, and so on. Copy the entire contents of
each NI-DAQ disk to the corresponding directory. Assuming your
remote driveisy: , your directory structure would look like this:

y:\ ni daq\ di skl
\ di sk2

\ di sk3

\ di skn
If you areinstalling NI-DAQ for Windows, NI-DAQ for
LabWindows/CV1, or NI-DAQ for LabVIEW, simply run
set upwi n. exe from the Windows Program Manager or File
Manager by running y: \ ni daq\ di sk1\ set upwi n. exe. If
you areinstalling NI-DAQ for DOS, change your working
directory tothedirectory di sk1.Thenrunset updos. exe with
the - d flag (i.e. set updos - d) and the DOS installer will be
ableto find the remaining disksin the di sk2, di sk3, and so on

directories. Be sureto change the source drive option in DAQCONF
so that it corresponds to your remote drive.
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* Ifyouareinstalling NI-DAQ for DOS but cannot use a remote
network drive, you can install NI-DAQ on acomputer with 3.5in.
floppy drives. All of the NI-DAQ fileswill beinstalled in the
NI DAQDOS directory and its subdirectories. Use afile
compression utility (such as pkzip) to compress all of the filesin
the NI DAQDOS directory and its subdirectories. Then transfer the
compressed file via ftp or amail program that allows you to
enclose files, or, if the computer also has 5.25 in. drives, via
5.25in. floppy disks.

Once you have transferred the compressed file onto your
destination computer, uncompress the file. This method is only
recommended for NI-DAQ for DOS because NI-DAQ for DOSis
the only case where all the installed files are contained in one
directory structure.

Y ou may also be able to copy selected files from the 3.5in.
diskettes onto 5.25 in. diskettes to produce diskettes that can
install either NI-DAQ for DOS or NI-DAQ for Windows. To
create 5.25 in. DOS-installable diskettes, copy files from the
3.5in. diskettesto 5.25 in. diskettes as follows:

— di sk1: Copy thefilesset updos. exe, ni daqdos. dat,
and al . zi p files

— All other disks: Copy all . zi p files.

To create 5.25 in. Windows installabl e diskettes, copy all files
except those listed for the DOS installation onto the corresponding
5.25in. diskettes.

If you cannot use any of these methods, please call National

Instruments and request part number 463276-40 if you need 5.25 in.
diskettes for NI-DAQ for PC compatibles.

How to Set Up Your DAQ System

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 youwill beaccessingthe NI-DAQ devicedriversthrough LabVIEW,
you should read the NI-DAQ Installation for LabVIEW section, then
use your LabVIEW for Windows Data Acquisition VI Reference
Manual to help you get started using the data acquisition VIsin
LabVIEW.
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'

Read the NI-DAQ Overview section I

Y

Read the appropriate section:

* NI-DAQ Installation for DOS

* NI-DAQ Installation for LabVIEW
* NI-DAQ Installation for LabWindows/CVI
* NI-DAQ Installation for Windows

* NI-DAQ Installation for Windows NT

Are you using LabVIEW?

4

Follow the instructions in the Device Installation
and Configuration section

If you have SCXI hardware, follow the instructions in
the SCXI Hardware Installation section

If you are using DOS, read the Using DAQCONF section.
If you are using Windows, LabWindows/CVI,
or Windows NT, read the Using WDAQCONF section.

Read the remaining sections in Chapter 1 that apply to your
application language and environment:

« Fundamentals of Building DOS Applications with NI-DAQ
« Fundamentals of Building Windows Applications with NI-DAQ

* Fundamentals of Building Windows NT Applications with NI-DAQ

Read the sections in Chapter 2, Hardware Overview, that apply
to your data acquisition hardware

Read the sections in Chapter 3, Software Overview, that apply to
the NI-DAQ function groups you will use in your application. This
chapter contains valuable NI-DAQ concepts, including flowcharts
for NI-DAQ applications.

Look at the self-documented example source code on your
distribution diskettes for your application language and
environment.

Use the NI-DAQ Function Reference Manual for PC Compatibles
when you need specific information about individual NI-DAQ functions.

Continue by reading the LabVIEW Data
Acquisition VI Reference Manual for Windows.

You no longer need the NI-DAQ manual set.

Figure 1-1. How to Set up Your DAQ System

O National Instruments Corporation 1-5

NI-DAQ User Manual for PC Compatibles



Chapter 1 Introduction to NI-DAQ

NI-DAQ Overview

NI-DAQ isalibrary of routines that work with National Instruments
DAQ devices. NI-DAQ contains services for overcoming difficulties
ranging from simple device initialization to advanced high-speed data
logging. The number of services you need for your applications
depends on the types of DAQ devices you have and the complexity of
your applications.

NI-DAQ Hardware Support

National Instruments periodically upgrades NI-DAQ to add support for
new DAQ hardware. To ensure that this version of NI-DAQ supports
the hardware you are going to use, consult Table 1-1.

Table 1-1.  NI-DAQ Hardware Support

AT Seriest PC EISA NEC? External Device!| PCMCIA? SCXI1
Seriest
AT-A2150 Lab-PC+ EISA-A2000 | NEC-AI-16E-4 AMUX-64T DAQCard-500 SCX1-1000
AT-AO-6/10 PC-AO-2DC NEC-AI-16XE-50 | DAQPad-12002 DAQCard-700 SCXI1-1001
AT-DIO-32F PC-DIO-24 NEC-MIO-16E-4 | DAQPad-MIO-16XE-502 | DAQCard-1200 | SCXI-1100
AT-DSP2200 PC-DIO-96 NEC-MIO-16XE-50 | SC-2040 DAQCard-AO-2DC | SCXI-1102
AT-MIO-16 PC-LPM-16 SC-2042-RTD DAQCard-DIO-24 | SCXI-1120
AT-MIO-16D PC-OPDIO-16 SC-2043-SG SCXI1-1121
AT-MIO-16DE-10 | PC-TI0-10 SCX1-1122
AT-MIO-16E-1 SCXI1-1124
AT-MIO-16E-2 SCXI1-1140
AT-MIO-16E-10 SCX1-1141
AT-MIO-16F-5 SCXI1-1160
AT-MIO-16X SCXI1-1161
AT-MIO-16XE-50 SCX1-1162
AT-MIO-64E-3 SCXI1-1162HV
AT-MIO-64F-5 SCXI-1163
SCXI-1163R
SCX1-1200°

1NI-DAQ for Windows NT does not work with the SCX1-1102, SCX1-1122, SCXI-1124, SCXI-1141, SCX1-1162HV, SCXI-1163R,
SCX1-1200, DAQPad-1200, PC-AO-2DC, PCMCIA cards, E Series devices, SC-2040, SC-2042-RTD, SC-2043-SG, and PC-OPDIO-16.

2The SCX1-1200, DAQPad-M10-16X E-50, and DAQPad-1200 do not work with NEC PC-9800 computers.
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Throughout this manual, many of the devices are grouped into
categories that are similar in functionality. The categories are often
used in the text to avoid long lists of specific devices. The Conventions
Used in This Manual section of About This Manual lists the devicesin
each functional type. Any device not included in acategory will always
be referred to in the manual by its name.

NI-DAQ Language Support
NI-DAQ supports the following languages under DOS:
e Microsoft Visual C++ 1.0 and 1.5
e Turbo C++ 3.0
e Borland C++ 3.0, 3.1, 4.0, and 4.5
e Borland Turbo Pascal 7.0 (real mode)
* Visual Basic for DOS

NI-DAQ supports the following languages under Windows:
e Microsoft Visual C++ 1.0 and 1.5

e Visua Basic 1.0, 2.0, and 3.0

e Turbo Pascal for Windows 1.0 and 1.5

e Turbo Pascal 7.0

e Borland C++ 3.0, 3.1, 4.0, and 4.5

NI-DAQ supports the following language under Windows NT:
e Microsoft Visual C++ 1.0 and 2.0 (32-bit editions only)

Most of the files on the release diskettes are compressed. Always run
the NI-DAQ installation utilities to extract the files you want. For a
brief description of the directories produced by the install programs
and the names and purposes of the uncompressed files, consult the
README. DAQfile.

NI-DAQ Installation for DOS

The NI-DAQ distribution diskettes contain the installation utility
SETUPDOS. EXE. Running this installation utility copies the
appropriate files to your computer. For example, if your installation
disketteisin drive A, type the following:

a: \ setupdos
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After installing NI-DAQ, you must install your DAQ devices.
Continue by reading the Device I nstallation and Configuration section
later in this chapter.

NI-DAQ Installation for LabVIEW

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

After you have installed LabVIEW, run the NI-DAQ Windows
installer SETUPW N. EXE, which will check the NI-DAQ version that
LabVIEW installed against this NI-DAQ version to ensure that the
newest version isinstalled.

To upgrade NI-DAQ for LabVIEW, run the SETUPW N program on
Disk 1. One way to do thisisto select the File menu from the Program
Manager Window, then select Run... and typeina: \ set upwi n,
assuming a: isthe floppy disk drive containing Disk 1. When
prompted, select the Upgrade NI-DAQ for LabVIEW option.

The NI-DAQ installer examines your computer system to determine
the system-dependent files that you need. For a description of the
modifications the NI-DAQ installer has made to your SYSTEM | NI
file, see the NI-DAQ Modifications to the SYSTEM.INI File section
later in this chapter.

Depending on your LabVIEW version, it may be necessary for
NI-DAQ to update some of the LabVIEW data acquisition VIs. If so,
carefully follow theinstructions given in the NI-DAQ installer and the
README. DAQfile.

Continue by reading your LabVIEW for Windows Data Acquisition VI
Reference Manual. Y ou no longer need this manual set.

NI-DAQ Installation for LabWindows/CVI

Toinstall NI-DAQ for LabWindows/CV 1, runthe SETUPW N program
on Disk 1. One way to do thisisto select the File menu from the
Program Manager Window, then select Run... and typein

a: \setupwi n, assuming a: isthe floppy disk drive containing
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Disk 1. When prompted, select the Install NI-DAQ for
LabWindows/CVI option.

The NI-DAQ example programs for LabWindows/CV1 areinstalled in
the CVI \ SAMPLES\ DAQdirectory.

For LabWindows/CV|, the defined constants that several NI-DAQ
functions use are in the include file DATAACQ. H.

The NI-DAQ installer examines your computer system to determine
the system-dependent files that you need. For a description of the
modifications the NI-DAQ installer has made to your SYSTEM | NI
file, see the NI-DAQ Modifications to the SYSTEM.INI File section
later in this chapter.

After you complete the NI-DAQ for LabWindows/CV |1 installation,
you must install and configure your DAQ devices. Continue by reading
the Device Installation and Configuration section later in this chapter.

If you are using an AT-DSP2200 with LabWindows/CVI, you should
install your NI-DSP for DOS disks to obtain the files DSP2200. OUT and
DSP2200S. OUT. Thesefilesare necessary to configurethe AT-DSP2200
in the UDAQCONF configuration utility. None of the other filesinstalled by
NI-DSP for DOS will be used and can be deleted after installation.

NI-DAQ Installation for Windows
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Toinstall NI-DAQ for Windows, run the SETUPW N program on
Disk 1. Oneway to do thisisto select the File menu from the Program
Manager Window, then select Run... and typeina: \ set upwi n,
assuming a: isthe floppy disk drive containing Disk 1. When
prompted, select the Install/Upgrade NI-DAQ for Windows option.

Set upwi n will install examples programs and support files for a
variety of languages and compilers. Choose al of the
languages/compilers you plan to use.

The NI-DAQ installer examines your computer system to determine
the system-dependent files that you need. For a description of the
modifications the NI-DAQ installer has made to your SYSTEM | NI
file, see the NI-DAQ Modifications to the SYSTEM.INI File section
following this section.
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After you complete the NI-DAQ for Windows installation, you must
install and configure your DAQ devices. Continue by reading the
Device Installation and Configuration section later in this chapter.

NI-DAQ Modifications to the SYSTEM.INI File

Because of large interrupt latencies in Windows 386 enhanced mode,
National Instruments has developed a Windows virtual driver that
handles NI-DAQ interrupt services. The installer places this file,

NI VI SRD. 386, in the W NDOWS\ SYSTEMdirectory. The installer
also modifiesthe SYSTEM | NI file to load and use the

NI VI SRD. 386 driver by adding the following statement to the

[ 386Enh] section of the SYSTEM | NI file:

devi ce=Nl VI SRD. 386

Note: NI VI SRD. 386 is an optional performance-enhancing supplement—you
do not have to install it to run NI-DAQ for Windows applications. To
deactivate NI VI SRD. 386, comment out the statement inserted by the
installer in your SYSTEM | NI file by placing a pound sign (#) before the
line.

If you have an EISA-A2000 application and do not have
NI VI SRD. 386 installed, you will encounter the following

constraints:

* NI-DAQ cannot report logical scans done in pretriggered data
acquisition.

* Your data acquisition buffers must be contiguous in physical
memory.

After you install NI-DAQ, read the Device Installation and
Configuration section later in this chapter for instructions on installing
your plug-in devices.

NI-DAQ Installation for Windows NT

=+ Note NI-DAQ for Windows NT does not work with the SCXI-1102, SCX1-1122,
SCXI-1124, SCX1-1141, SCXI-1162HV, SCXI-1163R, SCXI-1200,
PCMCIA cards, E Series devices, SC-2040, SC-2042, SC-2043, and
AO-2DC devices.
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NI-DAQ for WindowsNT hasaninstallation utility to copy all thefiles
you need to develop NI-DAQ Windows NT applications. Since all the
NI-DAQ files are compressed on the installation diskettes, you must
run the installation utility to correctly install NI-DAQ for

Windows NT.

Toinstall NI-DAQ for Windows NT, start Windows NT and log into
Windows NT as an administrator or as a user with administrator
privilege. Select Run under the Fi | e menu in the Program Manager
and type the following command:

z:\setupwin
where z isthe drive letter of the diskette drive.

Follow the installation utility prompts as you go through the
installation process. When you are done, make sure you reboot
Windows NT by selecting the Shut down option under the Fi | e
menu in the Program Manager.

When the NI-DAQ for Windows NT installation is done, the
installation program will attempt to modify your system registry so that
the NI-DAQ for Windows NT device driver can be loaded into the
system when necessary. Intheregistry, theinstallation program creates
two new keys. Thefirst key is as follows:

\\ HKEY_LOCAL_MACHI NE\ SYSTEM Cur r ent Contr ol Set\ Ser vi ce\ NI DAQNT

Under this entry, there will be three new values as follows:
Er r or Cont r ol : REG_DWORD: 0x1

Start: REG_DWORD: 0x3

Type: REG_DWORD: 0x1

The second key is as follows:

\\ HKEY_LOCAL_MACHI NE\ SYSTEM Curr ent Cont r ol Set\ Ser vi ce\ NI DAQKNL

Under this entry, there will be three new values as follows:
Err or Cont r ol : REG_DWORD: 0x1

Start: REG_ DWORD: 0x1

Type: REG_DWORD: 0x1
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If the installation program fails to update the registry, you must create
them with REGEDT32. EXE in your Windows NT directory. To create
the keys manually, go to the Program Manager, select the Run option
under the File menu, and type:

regedt 32

The program you are running is called the Registry Editor. In the main
window, you will see four child windows. Select the child window
named HKEY _LOCAL _MACHI NE on the local machine. In the
HKEY_LOCAL_MACHI NE child window, select SYSTEM by double-
clicking on it. Select CurrentControlSet by double-clicking on it.
Select Services by double-clicking on it. After you have made all the
selections, select the Add K ey option under the Edit menu.

When the Add Key dialog box pops up, enter NI DAQNT for the Key
Name. Then, click on the OK button.

Y ou should now see the new key, NI DAQNT, under the Services
registry key. All the keys are al phabetized; you may have to scroll
down the window to see the Services key. When you find it, select
NIDAQNT by clicking on it once.

Now, select Add Value under the Edit menu. When the Add Value
dialog box pops up, enter Er r or Cont r ol for the Value Name. Set
Data Type to REG_DWORD. When you click the OK button, a new
dialog box will pop up and prompt you for avalue. Enter 1 and click
the OK button. Y ou have now entered a new value under NI DAQNT.

Repeat the Add Value procedure for the other two new values, Start
and Type. Y ou should set the Start value to 3 and the Type value to
1. When you are done, make sure all three values under registry key

NIDAQNT are asfollows:

Er r or Cont r ol : REG_DWORD: 0x1

St art: REG_DWORD: 0x3

Type: REG_DWORD: O0x1

If you make a mistake, you can remove the value or the key by

selecting it and pressing the Delete key. Be careful not to delete any
other key in the registry.

After you add NI DAQNT into your registry, repeat the same procedure
for Nl DAQKNL. Notice that the start value is 0x1 for NI DAQKNL.
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Notice that NI-DAQ for Windows NT only works with National
Instruments ISA and EISA DAQ devices on x86-based computers.

After you install NI-DAQ, read the Device Installation and
Configuration section for instructions on installing your plug-in
devices.

Device Installation and Configuration

Before you begin your NI-DAQ application development, you must
configure your National Instruments DAQ devices, which can be plug-
in devices, PCMCIA cards, or external devices you connect to your
computer’s parallel port. NI-DAQ needs the device configuration
information to program your hardware properly.

Because all system architecturesare different, each requiresadifferent
device configuration procedure. This ensures that your DAQ devices

will work properly and coexist with other peripheralsin your system

such as serial ports and parallel ports.

Before installing your DAQ devices, consult your hardware user
manual to seeif you need to change any hardware-selectable options.
Some DAQ devices have jumpers to select analog input polarity, input
mode, analog output reference, and so on. Be sure to make a note of
which device options you change, so that you can notify NI-DAQ
either by entering the information in one of the NI-DAQ configuration
utilities or using NI-DAQ function callsin your application.

Some DAQ devices also have jumpers to select IRQ levels and/or
DMA channels. If you have multiple DAQ devicesin your system, you
should try to select different IRQ levels and DMA channels for each
device. Y ou should also select a unique base address for each deviceif
your device has address DI P switches. M ake anote of your device IRQ,
DMA, and address settings.

The installation and configuration process you need to follow depends
on your computer system and the type of DAQ product you have. The
following sections provide information on the configuration procedure
for PCMCIA cards, DAQPads, switchless devices, and plug-in DAQ
devicesfor ISA (PC AT/XT) and EISA computers.

O National Instruments Corporation 1-13 NI-DAQ User Manual for PC Compatibles



Chapter 1 Introduction to NI-DAQ

Configuring PCMCIA DAQ Cards

After inserting your PCMCIA DAQ card in your computer, you must
run the NI-DAQ configuration utility; read the Using DAQCONF
section if you are using DOS, and read the Using WDAQCONF section
if you are using Windows or LabWindows/CVI. If you have SCXI
hardware, you should read the SCXI Hardware Installation section
later in this chapter next.

Configuring Parallel Port DAQ Devices (DAQPads)

If you areinstalling aparallel port DAQ device (known asaDAQPad),
connect one end of the parallel port cable to the DAQPad. Connect the
other end to the parallel port on your PC.

Then you must run the NI-DAQ configuration utility; read the Using
DAQCONEF section if you are using DOS, or read the Using
WDAQCONF section if you are using Windows or LabWindows/CVI.

Configuring Plug and Play (Switchless) Devices

Note:

We recommend that you configure all non-Plug and Play devicesin your
system before adding any Plug and Play devices. This enables the
configuration utility to perform better resource checking on all your DAQ
devices.

The National Instruments E Series switchless devices support
switchless and jumperless (Plug and Play) configuration in DOS and
Windows. All resources including base address, DMA channels, and
IRQ levels on these devices are fully software configurable. No
jumpers or DIP switches are needed to configure any of these
resources.

The NI-DAQ installer will install a stand-alone executable called

NI - PNP. EXE in the boot directory of your root drive. This program
detects and configures any Plug and Play devices you have in your
computer. The program will run every time you boot from your

aut oexec. bat file. After configuring your Plug and Play hardware
in the system, the program will generate an NI - PNP. | NI filein the
same directory. This file contains information about the National
Instruments devices in your system, including Plug and Play devices.

The DAQ configuration utility (VWDAQCONF or DAQCONF) will read
the NI - PNP. | NI for information and will automatically configure
any Plug and Play devices you have in your computer. The utility will
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also deconfigure any previously configured Plug and Play device that
you have removed from your computer. Running the configuration
utility after installing a new Plug and Play deviceisimportant because
you will be able to obtain amapping for the newly installed device into
an NI-DAQ device number.

When the configuration utility finds a new Plug and Play devicein
your computer, it assigns the first available device number to the new
device. The utility also assigns default resources such as 1/0 address,
DMA channels, or IRQ levelsto the new device. When you remove the
device from your computer, the utility deallocates these resources and
the device number will contain an “empty device.”

Note: You must run the DAQ configuration utility after you install or remove
any National Instruments Plug and Play devices.

If you have Plug and Play software in your system, the behavior of the
DAQ configuration utility may change significantly. If the Plug and
Play softwarein your system hasits own separate configuration utility,
you must use the system configuration utility to configure all National
Instruments devices in your system. Subsequently, you must run the
DAQ configuration utility in order to assign NI-DAQ device numbers
to any new devices. If you do not run the DAQ configuration utility in
this case, you will be unable to configure any system resources for the
device such as base address, DMA channels, or IRQ levels. The
configuration utility that comes with your Plug and Play softwareis
responsible for assigning system resources to your National
Instruments device.

Examples of Plug and Play software are a Plug and Play BIOS or the
Intel Plug and Play Kit, which includes the Intel Configuration
Manager and has its own configuration utility (ICU).

WDAQCONF performs a full set of tests before saving the device
configuration to ensure the device will operate correctly. If the device
fails any of the tests, WDAQCONF reports the errors and does not save
the configuration.

DAQCONF does not perform any such tests. The only way to find out if
the configuration is 100% successful in DOS isto run afew NI-DAQ
callsonthedevice. Werecommend you try the Al _Read and DAQ_Op
callsfirst. Remember to use the Ti neout _Conf i g call before
calling DAQ_Op so that your computer will not lock up if the call fails
to return any data.
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Configuring DAQ Devices on ISA (PC AT/XT) Computers

Industry Standard Architecture (ISA) is the oldest computer system
architecture among the three system architectures NI-DAQ supports.
The I SA specification does not define any standard device setup
procedure. It relies on the computer user to make sure that all the plug-
in devices are free of resource conflicts, no plug-in device I/O base
address ranges are overlapping each other, and no plug-in devices are
using the same interrupt levels.

After you check your device jumpers and DIP switches, turn off your
computer and plug in your devices. Then continue with the SCXI
Hardwar e Installation section (if applicable), Using DAQCONF (DOS
users), or Using WDAQCONF (Windows users).

Configuring DAQ Devices on EISA Computers

Note: You do not use the System Configuration Utility supplied by your EI SA
computer vendor to configure any device except those listed in Table 1-3.
Use only the appropriate National I nstruments configuration utility,
DAQCONF. EXE for DOS or WDAQCONF. EXE for Windows.

Extended Industry Standard Architecture (EISA) is a superset of the

I SA architecture. All National Instruments AT/XT SeriesDAQ devices
will operate properly on an EISA bus computer. However, unlike the
ISA specification, EISA provides a standard way to keep track of
plug-in device configurations on the system CMOS memory.
Furthermore, all EISA computers are packaged with EISA
configuration utilities to configure the computers. Although EISA
specifies a standard way to store and to retrieve system configuration,
it does not specify a standard configuration utility. Therefore, this
manual includes only a general procedure on how to install National
Instruments plug-in devices.

Before using the EISA configuration utility, you must know the
resource settings of your devices. Y ou can obtain the information from
the DIP switches and jumpers on your devices. If your DAQ devicesdo
not have |/O base address DIP switches or jumpers for interrupt levels
and DMA channels, obtain as much information as you can; other
resource settings are software programmable. If you have trouble
reading DIP switches or jumper values, consult your DAQ device user
manuals for assistance.

NI-DAQ User Manual for PC Compatibles 1-16 O National Instruments Corporation



Chapter 1 Introduction to NI-DAQ

After you have checked your device jumpers and DIP switches, follow
these general instructions to install National Instruments plug-in
devices:

1.

O National Instruments Corporation

Launch the EISA configuration utility. Some EISA computer
manufacturers put the utility on afloppy disk or on the computer
hard disk. If the utility is on your hard disk, it is probably under
the directory \ ECU or\ CONFI G. The utility fileisusually named
CF. EXE or CFG. EXE. When you find the directory where the
utility is, copy all National Instruments EISA configuration files
into the same directory. You can find National Instruments EISA
configuration files in the directory EI SACFG under the directory
you select when you install NI-DAQ.

Some EISA computer manufacturers put the EISA configuration
utility on your hard disk, but your operating system cannot directly
read the utility. In this case, you can probably launch the
configuration utility by pressing a certain key(s) when the
computer is powered up. On some computers, you can press the
F10 key right after the machine makes the power-on beep.

If you do not know how to launch your EISA configuration utility,
consult your computer user manuals or call your computer
manufacturer’s technical support.

When you have the EISA configuration utility running, follow all
the prompts and instructions on how to configure aplug-in device.
Look for the option on adding a device.

If your EISA computer manufacturer put the EISA configuration
utility on your hard disk where your operating system cannot
directly read the utility, you must instruct the utility to get the
National Instruments EISA configuration files from the directory
El SACFGin the directory in which you installed NI-DAQ.

After you successfully add a device, look for the change resource
option. Y ou can use this utility to check whether the default
resource setting matches your real device setting. Notice that the
software default setting is not necessarily the same as the factory
hardware default setting. Change either the software setting in the
configuration utility or the hardware setting on your device so that
they match.

When you have your DAQ device correctly configured, save the
configuration and reboot your computer.
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5. Turn off your computer and install the DAQ device. Consult your
computer user manualson how to install aplug-in deviceinto your

computer.

After youinstall your plug-in devices, if you have SCXI hardware, you
should read the SCXI Hardware Installation section later in this
chapter. After you install your SCXI hardware, if any, you should read
the Using DAQCONF section if you are using DOS. Y ou should read
the Using WDAQCONF section if you are using Windows or

LabWindows/CVI.

Table 1-2 showswhich configuration file you should usefor your DAQ

device.
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Table 1-2.  EISA Configuration Files
DAQ Device EISA Configuration File
AT-A2150 I'NI C1000. CFG
AT-AO-6/10 I'NI C1200. CFG
AT-DIO-32F I'Nl C0301. CFG
AT-DSP2200 I'NI C1100. CFG
AT-MIO-16 I'Nl C0202. CFG
AT-MIO-16D I'NI C1500. CFG
AT-MIO-16F-5 I'Nl C0602. CFG
AT-MIO-16X I'NI C1300. CFG
AT-MIO-64F-5 I'NI C1400. CFG
EISA-A2000 I'Nl C0101. CFG
Lab-PC+ I'NI C0501. CFG
PC-DIO-24 I'NI C0400. CFG
PC-DIO-96 I'Nl G0700. CFG
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Table 1-2.  EISA Configuration Files (Continued)

DAQ Device EISA Configuration File
PC-LPM-16 I'NI C0800. CFG
PC-TIO-10 I'NI C0900. CFG
Note: Thereareno EISA configuration filesfor PCMCIA DAQ devices, parallel

port devices, and switchless devices. You can configure these devices
directly from the appropriate configuration utility.

SCXI Hardware Installation
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.
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Check the jumpers on your modules. Y ou should almost always
leave the jumpers in the default positions. The Getting Started
with SCXI manual has a section for each module type that lists the
cases in which you may want to change the jumper settings. The
SCX1-1120, SCX1-1121, and SCX1-1140 modules have jumper-
selectable gains for each channel.

Make sure that the chassis power isturned off. Plug your modules
in through the front of the chassis. Y ou can put the modulesin 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 SCX1-1180 feedthrough panel, you must install
the SCX1-1180 in the slot immediately to the right of the module
that you will cable to the DAQ device. Otherwise, the cable
connectors may not fit together conveniently.

Plug the appropriate terminal blocksinto 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.

If you are using a plug-in DAQ device with your SCXI system,
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 the DAQ device in your
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Using DAQCONF

computer. In Multiplexed mode, you only need to cable one
module to the DAQ device, and in most cases it does not matter
which module. There are two special cases:

e If youareusing SCXI-1140 modules along with other types of
modules, you need to cable one of the SCXI-1140 modulesto
the DAQ device.

e If you are using analog input modules and digital modules,
you need to cable one of the anal og input modulesto the DAQ
device.

Refer to the Getting Started with SCXI manual for more
information on related topics, such as multichassis cabling.

7. If you are using the SCX1-1200 module, connect one end of the
parallel port cable to the SCX1-1200 module. Connect the other
end to the parallel port on your PC.

8. Turn on your chassis power.

DAQCONF is a DOS-based application that you can use to view and
configure your DAQ devices and SCXI hardware for NI-DAQ to use.
Y ou need to run DAQCONF if you are using NI-DAQ in DOS. If you
are using NI-DAQ in Windows, LabWindows/CV1, or Windows NT,
you should skip to the Using WDAQCONF section later in this chapter.

L ocate DAQCONF in the same directory in which you installed
NI-DAQ using the installation program. Run the configuration utility
by typing DAQCONF at the DOS prompt.

NI-DAQ Configuration File

On ISA (PC AT/XT) computers, the NI-DAQ configuration file holds
all configuration information for your DAQ hardware. On EISA
computers, the system configuration utility holds basic configuration
information for each plug-in device (such as I/O base addresses, IRQ
levels, and DMA channels), and the NI-DAQ configuration file holds
all other configuration information (such as SCXI configuration, DSP
kernel file path, and PCMCIA configuration).

The NI-DAQ configuration filein DOS is named ATBRDS. CFG. The
first time you run DAQCONF, it will create ATBRDS. CFGin your root
directory. If you wish to create the configuration file in a different
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directory, provide a path name when you run DAQCONF as in the
following example:

DAQCONF \ PRQJ_X

With this option, you can create multiple configuration files for
different NI-DAQ applications or projects; simply use the appropriate
path name when you want to create a new configuration file or view an
existing one. Be sure to enter only the path name; the file will
automatically be created as ATBRDS. CFGin the specified directory.

When you run an NI-DAQ DOS application, NI-DAQ will look for the
configuration file in the current directory first. If NI-DAQ cannot find
ATBRDS. CFG, it will look in the root directory of the current drive.
NI-DAQ will also read the device configuration that was stored in the
EISA system configuration utility.

Device Configuration in DAQCONF

DAQCONF opens with the device configuration panel. If you are on an
ISA (PC AT/XT) computer, perform the following stepsto enter device
number, I/O base address, IRQ levels, and DMA channels for your
devices. If you are on an EISA computer, DAQCONF will read that
information from the system configuration utility and display it for
you.

If you have a DSP board or PCMCIA card, you must perform the
following steps regardless of what type of computer you are using.

1. Select aDevice Number for your device. Use the F5 and F6 keys
to scroll through the choices. If the device number selected has a
device assigned to it, you will see the current settings for that
device. To add a device, select a number without any device
assigned to it. On EISA computers, the device number for each
device is determined by the slot number that you assigned in the
system configuration utility.

Y ou will use the device number in your NI-DAQ function callsto
identify which device you want to use.

2. Usethedown arrow key to highlight the Device selection. Use the
F5 and F6 keys to find the correct device type.

Note: Switchless devices are automatically assigned a device number when
DAQCONF launches. Therefore, you will not see switchless devicesin the
Device Selection list. Refer to the Configuring Switchless Devices section
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earlier in this chapter for moreinformation on how DAQCONF configures
switchless devices.

3.

If you are on an ISA (PC AT/XT) computer, you need to select the
correct 1/0O base address, IRQ levels, and DMA channels. Use the
up/down arrow keysto highlight thefields, and then usethe F5 and
F6 keys to select the correct values that match your hardware
jumpers. Theinitial values displayed correspond to the factory
default settings; you only need to change these settingsif you have
changed the jumper settings on your device. If your device does
not have jumpers, select the settings you wish to use.

For devices with 1/0 base address DIP switches, DAQCONF will
display aset of switchesfor that field. Usetheright/left arrow keys
to highlight each switch, then use the F5 and F6 keys to turn each
switch on or off to match the settings on your device.

For PCMCIA cards, you can select Auto assign for the 1/0 base
address, IRQ levels, and DMA channels. If you select Auto
assign, NI-DAQ will select these settings automatically at
application run time based on the resource allocation in the system
at that time.

If you are configuring an AT-DSP2200 board, you need to enter
the path for your kernel fileinthe Kernel Path field. Consult your
NI-DSP documentation for the name and location of your kernel
file.

If you are configuring aPCMCIA card such as the DAQCard-700,
you must enter the PCM CIA socket.

Y ou must save the configuration for this device before advancing
to the next device number. Press F10 to save. DAQCONF will test
the configuration parameters before saving. If the test fails,
DAQCONF will not save the settings. Y ou can disable the
automatic test feature by using the- t option on the command line
when you invoke DAQCONF as in the following example:

DAQCONF -t
After you configure all of your devices, if you have SCXI
hardware, press F2 to bring up the SCXI configuration panel and

follow the instructions in the next section, SCXI Configuration in
DAQCONF.

If you do not have SCXI hardware, press Esc to quit DAQCONF.
Continue by reading the sections appropriate to your specific
programming language and environment later in this chapter for
fundamentals on building NI-DAQ applications.
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SCXI Configuration in DAQCONF

1.
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Leave the Chassis I D set to one. Y ou will use this number to
accessthe SCXI chassisinthe NI-DAQ function calls. If you have
multiple chassis, advance the Chassis I D using the F6 key to
configure the next chassis after you have configured the first
chassis.

Use the down arrow key to highlight Chassis Type. Select the
correct chassis type using the F5 and F6 keys.

If you have only one chassis, leave the Chassis Addressfield and
the address jumpers on your SCXI chassis set to zero. If you have
additional chassis, you need to select aunique hardware-jumpered
address for each chassis and enter it in the Chassis Addressfield.

Enter the configuration for each slot in the chassis. The slot
configuration fields are indented on the panel. The SCXI slotsare
numbered |eft to right when you are looking at the front of the
chassis, beginning with slot 1. For each slot, enter the following
information (use the up/down arrow keys to move from one field
to another):

a. Module Type. Select the correct module type that you have
installed in this slot using the F5 and F6 keys. If you did not
install amodule in this slot, leave this field at None and
advance the M odule Slot number to the next slot.

b. If themoduleinthisslotisdirectly cabledtoaDAQ devicein
your computer, set the Cabled Device field to the Device
Number for that device. Leave the Cabled Devicefield at
Noneif the modulein the current slot is not directly cabled to
aDAQ devicein your PC.

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 moduletype are
discussed in The SCXI Hardware section of Chapter 2,
Hardware Overview.

If you are operating your modules in Multiplexed mode, you
only need to cable one module in each chassisto your plug-in
DAQ deviceinthePC. If you are using an SCX1-1200 module
in your chassis, you do not need to cable any modulesin your
chassisto aDAQ devicein the PC; the SCX1-1200 can control
the chassis.
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d. If themodulein thisslotisan SCXI1-1200, there are three
additional fields:

L ogical Device Number. You must assign the
SCXI1-1200 alogical device number so that you can use
the SCX1-1200 with the NI-DAQ functions as if it were a
plug-in DAQ device in the PC. The SCX1-1200 has the
same functionality as the Lab-PC+ plug-in board. After
you finish your SCXI configuration, if you press F2 to go
back to the device configuration panel, the SCX1-1200
will be configured for thisL ogical Device Number inthe
device configuration panel.

Connected to... isthe parallel port address to which you
have cabled the SCXI-1200.

IRQ Level istheinterrupt level you want the parallel port
interrupt serviceroutinesto use. During adataacquisition
or waveform generation on the SCX1-1200, NI-DAQ
services parallel port interrupts to transfer data between
the SCX1-1200 and your PC memory. ThisIRQ level must
correspond to the IRQ level used by the parallel port to
which the SCX1-1200 is connected.

5. After you have entered the configuration for each slot, look at the
Communication Mode field. Thisfield should set itself
automatically to Serial communication using DIO port if you
have cabled one of your modulesto a DAQ devicein the PC. This
means that NI-DAQ will use a DIO port of the DAQ device to
communicate serially with the SCXI1 hardware. If you have an
SCXI1-1200 in your chassis, thisfield should be Parallel
communication using L PT, meaning that NI-DAQ will
communicate with the SCX| hardware using the parallel port.

6. The Communication Path field should also set itself
automatically. It should either be the device number of the DAQ
deviceinthe PC that will be used to communicate with the chassis,
or it should be the logical device number of the SCXI1-1200
module in your chassis, if you have one.

7. After you configure each chassis, press F10 to save the new
information. When you have configured all of your chassis, press
Esc to quit DAQCONF. Continue by reading the sections
appropriate to your specific programming language and
environment later in this chapter for fundamentals on building
NI-DAQ applications.
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DAQCONF Command-Line Flags
Y ou can use the following command-line flags with DAQCONF:

Command- Description
LineFlag

-t Disable auto tests

-i Assume | SA bus computer

-e Assume EISA bus computer
-a Auto test for bus type

-u Usage

-le Display in English (default)

-1j Display in Japanese (you must have a Japanese
operating system)

Y ou should enter multiple flags separately. For example:
dagconf -t -i

WDAQCONF is a Windows-based application that you can use to
configure and view National Instruments DAQ device settings for
NI-DAQ Windows, LabWindows/CV1, and Windows NT applications
(in Windows NT, you must quit all your NI-DAQ applicationsif you
want to configure your DAQ device settings). If you have an EISA
computer, you cannot change the device I/O base addresses, interrupt
levels, and DMA channels. Y ou must make these changes through the
EISA configuration utility described in the Configuring DAQ Devices
on EISA Computers section earlier in the chapter.

Before using WDAQCONF to configure your device, you must know
your deviceresource settings. Y ou can obtain the information from the
DIP switchesand jumperson your devices. If your DAQ devicesdo not
have |/O base address DIP switches or jumpers for interrupt levels and
DMA channels, obtain as much information as you can; other resource
settings are software programmable. If you have trouble reading DIP

O National Instruments Corporation 1-25 NI-DAQ User Manual for PC Compatibles



Chapter 1

Introduction to NI-DAQ

switches or jumper values, consult your DAQ device user manual for
assistance.

L ocate WDAQCONF in the NI-DAQ Program Group in Windows or
Windows NT. Run WDAQCONF by double-clicking on itsicon. For
Windows NT users, you must terminate all your NI-DAQ applications
before you can configure any device. If other NI-DAQ applications are
running when you launch WDAQCONF, you can only view your
configuration.

When WDAQCONF starts, it tries to retrieve the current configuration
from the WDAQCONF. CFGfile in the Windows directory (if you are
running the Windows NT version of the WDAQCONF, the device
configuration iskept in the registry). If WDAQCONF does not |ocate the
file, WDAQCONF will create afile. If WDAQCONF isrunning on an EISA
computer, the utility will retrieve the basic configuration, such as 1/0
base addresses, interrupt levels, and DMA channelsinformation, from
the dedicated system memory. All other information will be obtained
from the configuration file.

After WDAQCONF retrievesthe current configuration, it displaysall the
devicesinstalled in a scrollable window. On the right of the window,
you see the current setting of the highlighted device.

Perform the following stepsto configure, view, and test aDAQ device.
Press the F1 key any time to access the online help. If you have an
AT-DSP2200, you can follow the same procedure to select a DSP
kernel file path for your DSP board.

1. Select adevice number for your device by highlighting it in the
scrollable window. On the right side of the WDAQCONF window,
you can see the current setting of the selected device. The device
number you selected is the number you use to refer to the device
in your NI-DAQ applications.

2. Click on the Configure/Test Device #n button to bring out the
configuration/test window.

3. Select the Device menu item to select your device type. Device
type is the name of your device. After you select the device type,
you can see the default settings for your device.
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Note: Switchless devices are automatically assigned a device number when
WDAQCONF launches. Therefore, you will not see switchless devicesin the
Devicemenu list. Refer to the Configuring Switchless Devices section earlier
in this chapter for more information on how WDAQCONF configures
switchless devices.

4,
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Click on the DIP switch or select the DMA or the|RQ menu item
to correct any resource setting that does not match your device
setting. Select the Path menu item to configure the DSP kernel
path if you are configuring a DSP board.

By default, WDAQCONF does not allow you to configure the same
resource to different devices. To disable this feature, go to the
WDAQCONF main window and uncheck Resour ce Checks under
the Options menu item.

Y ou cannot change the Resour ce Checks option if you are
currently changing the configuration of any devices, including
SCXI. Make sure all your Device #n windows and your SCXI
configuration windows are closed before you try to select this
option.

To save your device setting, go to the Configuration menuitemin
the configuration window and select save. Before WDAQCONF
saves your configuration, WADAQCONF runs through a resource
detection test for your configuration. It makes sure you have
selected the correct settings. WDAQCONF will not save the
configuration if the test fails. You can disable the feature by
unchecking the Auto Test option under the Options menuitemin
the main window.

Disabling the Auto Test option allows you to run WDAQCONF
before installing your device into your computer.

After saving your configuration, you can run simple tests on your
DAQ device. Under the Test menu item in your configuration
window, you can see all the tests you can perform.

e Configuration initiates the same test Auto Test uses.

¢ Analog I/O performs single-point analog input read and
analog output write operations.

« Digital I/O performs digital input read and digital output
write operations.

e Counter/Timer performs simple counter timing.

Optionally, you can bring out the hardware window by selecting
the Hardware! menu item in the configuration window. Notice
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that not all National Instruments devices have the Har dwar e!
option.

In the hardware window, you can configure other settings such as
analog input polarities and anal og input mode. If you want to save
your new hardware configuration in the hardware window, use the
Save option under the Configuration menu item. If your device
has jumpersfor setting analog input and anal og output parameters
and you change any of these settings, you must inform NI-DAQ of
these changes either through the hardware configuration window
or by calling the Al _Conf i gur e and AO_Confi gure
functions in your program. If you change your hardware
configuration here, you are not required to use the

Al _Confi gur e or AO_Confi gur e functions to inform
NI-DAQ of your new hardware settings. However, it is still
recommended that you do so because these hardware settings may
beinadvertently lost if the device configuration is deleted and then
reconfigured differently by you or someone else. The same holds
true even if your device is software configurable; however, you
can skip the step of setting the hardware jumpers on your device.

To close the hardware window, select Retur n under the
Configuration menu item.

After making sureall your DAQ device configurations are correct,
you can select SCXI! in the main window to configure your SCXI
hardware, if any. If you do not have any SCXI hardware to
configure, you are ready to begin your NI-DAQ devel opment.

The Resources menu has an option called Write to Text File. Clicking
on this option produces a file named WDAQCONF. TXT in your
Windows directory. This file, which describes your current
configuration, is useful when you call National Instruments technical
support for assistance.

SCXI Configuration in WDAQCONF

1.

Leave the Chassis I D set to one. You will use this number to
accessthe SCXI chassisinthe NI-DAQ function calls. If you have
multiple chassis, advance the Chassis I D to configure the next
chassis after you have configured the first chassis.

Select the correct Chassis Type for your chassis; this enables the
remaining fields on the panel.

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

Leavethe Communication M odefield alone. Thisfield should set
itself automatically to Serial using DIO port if you have cabled
one of your modules to a DAQ device in the PC. This means that
NI-DAQ will use aDIO port of the DAQ device to communicate
serially with the SCXI hardware. If you have an SCXI1-1200 in
your chassis, thisfield will set itself to be Parallel using LPT,
meaning that NI-DAQ will communicate with the SCXI hardware
using the parallel port.

The Communication Path field should also set itself
automatically. It should either be the device number of the DAQ
deviceinthe PC that will be used to communicate with the chassis,
or it should be the logical device number of the SCXI1-1200
module in your chassis, if you have one.

If you want to change the Communication M ode or
Communication Path fields, you should do so after you finish
configuring all the modules in your chassisin step 6.

Enter the configuration for each slot in the chassis. Select the
correct M odule Type that you have installed in the current
Chassis Slot. The SCXI slots are numbered left to right when you
arelooking at the front of the chassis, beginning with slot 1. If you
did not install amodulein this slot, leave this field at Empty and
advance the Chassis Slot number to the next slot.

Press the Configure Module n button to bring up the Module
Configuration window, and set the following fields:

a If themodulein thisslot isnot an SCXI-1200, the next field
isCabled Device. If the modulein this slot is directly cabled
toaDAQ devicein your computer, set thisfield to the Device
Number for that device. Leave the Cabled Device field at
Noneif the modulein the current slot is not directly cabled to
aDAQ devicein your PC.

If you are operating your modules in Multiplexed mode, you
only need to cable one module in each chassisto your plug-in
DAQ deviceinthePC. If you are using an SCX1-1200 module
in your chassis, you do not need to cable any modulesin your
chassisto aDAQ devicein the PC; the SCX1-1200 can control
the chassis.

b. Operating Mode. Multiplexed mode is the default operating
mode—it is recommended for almost all SCXI applications.
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The operating modes available for each SCX| moduletype are
discussed in The SCXI Hardware section of Chapter 2,
Hardware Overview.

For the SCX1-1200, the SCXI| Multiplexed option is
analogous to the Multiplexed mode. If you select the
Standalone mode, you disable the SCX1-1200 from
communicating with other modules in the chassis.

If the module in this slot is an SCX1-1200, you must also
configure the following fields:

L ogical Device Number. Y ou must assign the
SCX1-1200 alogical device number so that you can use
the SCX1-1200 with the NI-DAQ functions asif it were a
plug-in DAQ device in the PC. The SCXI1-1200 has the
same functionality as the Lab-PC+ plug-in board. After
you finish your SCXI configuration, the SCX1-1200 will
be configured for this L ogical Device Number in the
device configuration panel.

Connected to... isthe parallel port address to which you
have cabled the SCXI-1200.

IRQ Level istheinterrupt level you want the parallel port
interrupt serviceroutinesto use. During adataacquisition
or waveform generation on the SCX1-1200, NI-DAQ
services parallel port interrupts to transfer data between
the SCX1-1200 and your PC memory. ThisIRQ level must
correspond to the IRQ level used by the parallel port to
which the SCX1-1200 is connected.

d. Theremaining fields in the Module Configuration window

(Terminal Block and Channel Configuration settings) are
not used by NI-DAQ, they are only used by LabVIEW.
However, you can enter the correct information here for your
own use and easy lookup.

Press the Save button to save this module configuration, and
press the Retur n button to return to the SCXI1 Configuration
window to configure the next module.

After you configure each chassis, select Save from the
Configuration menu to save the new information. When you have
configured all of your chassis, close the SCXI Configuration
window and exit WDAQCONF. Continue by reading the sections
appropriate to your specific programming language and
environment later in this chapter for fundamentals on building
NI-DAQ applications.
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You can select Test from the Configuration menu to test your entire SCXI
configuration.

The Fundamentals of Building DOS Applications with
NI-DAQ

This section contains general information about building NI-DAQ
applicationsthat runin DOS and explains the nature of the files needed
and the basics of making applications using the following compilers:

e Microsoft C

* Microsoft Visual Basic

e Turbo C++ and Borland C++
» Borland Turbo Pascal

In the DOS environment, a set of function libraries provides the
NI-DAQ functions. Y ou compile and then link an application that
makes calls to these functions to the appropriate library for that
compiler.

Creating a DOS Application Using Microsoft C

O National Instruments Corporation 1-31

Note:

The NI-DAQ library for Microsoft C (NI DAQMSC. LI B) is compiled
using the large memory model. It is therefore essential that you install
the large memory model of your Microsoft C Compiler. Perform the
following steps:

1. Create your source code. Follow the instructions in this manual
and the NI-DAQ Function Reference Manual for PC Compatibles
when making calls to NI-DAQ functions. Be sure to use the
functional prototypes by including NI DAQ. Hin your source file.
You can find the file NI _DAQ. Hin the C_EX subdirectory under
your NI-DAQ directory.

You must call one of the USE functionsin your application before calling
any other NI-DAQ functions. These functions cause portions of the
NI-DAQ library that are required to use your DAQ product to be included
in your application. If you do not call the appropriate USE function, your
other NI-DAQ functionswill return error -421 (functionNotL inkedErr). I f
you are using a Lab-PC+ for example, you must call the USE_LAB
function before calling any other NI-DAQ function.
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2. Compileyour source code with the Microsoft C Compiler (Version
8.0 or later) and use the large memory model, which you select
when you includethe/ AL flag in the command line. For example,
to compile ai aoxnpl . ¢ and its support files, use the following
commands:

cl /c /AL aiaoxnpl.c

cl /c /AL getdev.c

cl /c /AL errprint.c

The/ c flag directs the compiler to compile only.

3. Link your object file or files (using Microsoft Overlay Linker
Version 3.61 or later) with the Nl DAQVSC. LI B library to create
the executable application. For example, to link the
ai aoxnpl . obj ,getdev. obj,anderrprint. obj files
produced in step 2, use the following command:

link /SEG 250 ai aoxnpl getdev errprint,,, Nl DAQVSC,
This link command will produce an ai aoxnpl . exe executable.

The/ SEG 250 flagisnecessary if you are using an E Seriesdevice
and oneor moreof theUSE_E_Ser i es functions. By default, the
Microsoft Overlay linker sets the maximum number of program
segments to 128. The/ SEG 250 flag increases the maximum
number of segments to 250.

The/ ST flag is needed to increase the stack size from its default
value of 2,048 bytes. Otherwise, the program fails with a stack-
overflow message.

Example Programs

Y ou can find a set of example programs and the necessary header files
in the NI DAQDOS\ C_EX directory.

Creating a DOS Application Using Visual Basic

To create an application that calls NI-DAQ functions, first create a
source file for your application using the following guidelines:

1. Add the following line to the beginning of the source file:
REM $| NCLUDE: ' NI DAQ | NC

This statement declares all of the NI-DAQ functionsin the
NI-DAQ library.
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If you are using NI-DAQ memory management functions, use theinclude
file called NI DAQR. | NC, which has less restrictive prototypes than

NI DAQ | NC. Do NoT include both NI DAQ. | NCand NI DAQR. | NCin the
same source file.

2. NI-DAQ library needs to allocate some memory for internal use.
Therefore, you need to set aside memory using the SETMEM
statement. The amount of memory you need will depend on which
NI-DAQ functions you are using. If you have not set aside
sufficient memory, NI-DAQ functions will return amemory error
(error code -98). For a description of the SETMEMstatement, refer
to your BASIC manual. In the NI-DAQ Basic example programs,
anumber between -2,000 and -10,000 is generally used as follows:

heap. si ze=SETMEM ( - 8000)

3. Follow theinstructions in this manual and the NI-DAQ Function
Reference Manual for PC Compatibles when making calls to the
NI-DAQ functions. Remember to substitute aperiod (. ) wherever
you see an underscore (_) in afunction name. For example, the
function Al _Conf i gur e should be entered as
Al . Confi gur e inVisual Basic applications.

You must call one of the USE functionsin your application first, before
calling any other NI-DAQ functions. These functions cause portions of
the NI-DAQ library that are required to use your DAQ product to be
included in your application. If you fail to call the appropriate USE
function, your other NI-DAQ functions will return error -421
(functionNotLinkedErr). If you are using a Lab-PC+ for example, you
must call the USE. LAB function first, before calling any other NI-DAQ
function.

Next, you can use either of the following approaches to run your
application:

1. Runyour application inside the Visual Basic environment. To do
S0, you must first create and then load a Quick library of NI-DAQ
functionswhen you enter Visual Basic environment. The only case
in which this approach will not work iswhen Visual Basic returns
out-of-memory error; in that case, use the second approach.

2. Compileand run your application from the DOS prompt. To do so,
use the BASIC command-line compiler and linker.

These approaches are explained in detail in the following sections.

O National Instruments Corporation 1-33 NI-DAQ User Manual for PC Compatibles



Chapter 1 Introduction to NI-DAQ

Running Your Application Inside the Visual Basic
Environment
First, you must create an NI-DAQ Quick library.

MAKEQLB. BAT in the QLBUTI L subdirectory is useful for creating
Quick librariesfor Visual Basic.

The steps for making a Quick library are as follows:

1. Edit Nl DAQ BAS. Remove the keyword REMfrom functions you
want to include in the Quick library.

2. Run this batch file by using the following command:
MAKEQLB VB
3. If dl files needed to build the Quick library are found, and the

linking was successful, the batch file creates a Quick library in the
NI - DAQ LI B subdirectory with a.QLB extension.

Next, load the Quick library when you enter the environment by using
the following command:

vbdos /| NI DAQVB

Note: Visual Basic returns an out-of-memory error either when you try to load
the Quick library or when you try to run your application. You may try to
free up memory by removing as many TSRs or device drivers as possible
before entering the Visual Basic environment.

After you are inside the environment, you can load the source file of
your application and run it.

Y ou can substantially reduce the size of the Quick library by including
only those USE functions that apply to your product. The addition of
one or more USE functions will increase the size of your Quick library.
Asaresult, you may not have enough memory to load the Quick library
into the Visual Basic environment.

Compiling and Running Your BASIC Application
from the DOS Prompt

The steps to run your application outside BASIC environment are as
follows:

1. Compile your source code with the Visual Basic compiler. For
example:

bc /O ai aoxnpl . bas;
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NOT ENOUGH MEMORY—If the Visual Basic compiler does not have
enough memory to compile your application, you should first try to make
available as much conventional memory as possible. See your DOS
manual for information on how to do so. If you still cannot compile your
application, you can edit the files NI DAQ | NC (or NI DAQR. | NC) and

NI DAQCNS. | NCto reduce their size.

Link the object file (using Microsoft Overlay Linker Version 3.61
or later) produced in step 1 with NI DAQVSC. LI B, SUP71. LI B,
and the Visual Basic library. For example:

| i nk/ NOE/ NOD / SEG: 200 ai aoxnpl,,, VBDCL10E NI DAQVSC SUP71; (MS-DOS)
| i nk/ NOE/ NOD / SEG: 200 ai aoxnpl,,, VBDCL10 NI DAQVSC SUP71; (NEC-DOS)

The/ SEG. 200 flag is necessary if you are using several of the
USE functions. By default, the Microsoft Overlay linker sets the
maximum number of program segmentsto 128. The/ SEG. 200
flag increases the maximum number of segments to 200. Most of
the examples will link successfully with a smaller value for the
SEGflag.

Y ou must include the SUP71 library in your link command
because the DOS NI-DAQ library NI DAQVSC. LI B is compiled
using the Microsoft C compiler. Microsoft C support functionsare
contained in the SUP71 library, which you can find in the
NI-DAQ LI B subdirectory. Y ou should include the NI-DAQLI B
directory and the Visual Basic LI B directory inyour LI B
environment variable so the linker can find the libraries. The
following statement is an example of how to set the LI B
environment variable in your aut oexec. bat file:

SET LI B=C:\ Nl DAQDCS\ LI B; C: \ VBDOS\ LI B

Example Programs

Y ou can find a set of example programs and the necessary header files
in the NI DAQDOS\ BASI C_EX directory.

Creating a DOS Application Using Borland Turbo C++ or Borland C++
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The NI-DAQ libraries for Borland Turbo C++ and Borland C++ are
compiled using the large memory model. Therefore, it is essential that
you install the large memory model of your C++ compiler.

To create your application that calls NI-DAQ functions, first create
source code. Follow the instructions in this manual and the NI-DAQ
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Function Reference Manual for PC Compatibles when making
NI-DAQ function calls. Be sure to use the function prototypes by
including NI DAQ. Hin your source file.

Note: You must call one of the USE functionsin your application before calling
any other NI-DAQ functions. These functions cause portions of the
NI-DAQ library that are required to use your DAQ product to be included
in your application. If you do not call the appropriate USE function, your
other NI-DAQ functionswill return error -421 (functionNotLinkedErr). I f
you are using a Lab-PC+ for example, you must call the USE_LAB
function before calling any other NI-DAQ function.

#define hall oc(num
(size))

To compile and run your application, it is recommended that you use
the Integrated Development Environment (IDE). Y ou can find example
project files created in version 3.1 in the NI-DAQ C_EX directory.
Newer versions of Borland C++ can use 3.1 project files.

To run your application using the IDE, you must follow these
guidelines:

1. Open aproject to manage your application code. Include the
NI-DAQlibrary NI DAQBC. LI B alongwith the sourcefileinyour
project.

2. Choose Options | Compiler | Code Generation from the main
menu. A dialog box will be displayed. Set the Model button to
Large. Thiswill direct the compiler to use the large memory
model.

3. Choose Options | Directories from the main menu. A dialog box
will be displayed that lets you set the path for include files,
libraries, and so on. Add the path to NI-DAQ LI B subdirectory.
Also add the path to the NI-DAQ C_EX directory to the include
path.

If you are using Borland C++ version 4.0, you need to edit the
definition of hal | oc intheinclude file MALLOC. Hinthei ncl ude
directory. To do so, go to line 65 in MALLOC. H and remove the
underscore fromin front of f ar mal | oc. Theline should then read as
follows:

size) (void huge *)farmall oc((unsigned | ong)(num*

This change correctly maps the hal | oc function, which several
NI-DAQ for DOS example programs use.
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Example Programs

Y ou can find a set of example programs and the necessary header files
in the NI DAQDOS\ C_EX directory. Not all of the examples will work
with Borland C because some of them use plotting routines written
with Microsoft C. However, you can comment out the plotting
operations and use those example programs.

Creating a DOS Application Using Borland Turbo Pascal
To create a Turbo Pascal application that calls NI-DAQ functions,
perform the following steps:

1. Create your source code. Follow the instructions in this manual
and the NI-DAQ Function Reference Manual for PC Compatibles
when making NI-DAQ function calls.

Note: You must call one of the USE functionsin your application before calling
any other NI-DAQ functions. These functions cause portions of the
NI-DAQ library that are required to use your DAQ product to be included
in your application. If you do not call the appropriate USE function, your
other NI-DAQ functionswill return error -421 (functionNotL inkedErr). | f
you are using a Lab-PC+ for example, you must call the USE_LAB
function before calling any other NI-DAQ function.

2.

O National Instruments Corporation

Add the NI DAQunit to the USES clause in your source code.

When compiling your program, be sure that the Turbo Pascal
compiler can locate the NI-DAQ units.

If you are using the Integrated Development Environment
(IDE), the directory containing the NI-DAQ units should be
specified as one of the Unit directories under the
Optiong|Directories menu.

We recommend that you choose Auto Save for the
Environment in the Options|Environment|Pr efer ences menu
to make the change permanent.

If you are using the command-line version of the compiler,
specify the directory using the / Uxxx switch.

Y ou may notice the compiler directive { $N+} in some of the
NI-DAQ Turbo Pascal example programs. This option directs
the compiler to generate inline 80x87 code for handling
floating point numbers. This codeis required by NI-DAQ
routines that use variables of type Double.
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Memory Requirement

If the Turbo Pascal interactive environment runs out of memory while
compiling NI-DAQ applications, try some or al of the following:

e Set the Turbo Pascal compile destination to disk.
e Set the Turbo Pascal link buffer to disk.

* Remove as many TSRs or device drivers as possible before
compiling.

* Itissometimes possibleto compile with less memory if, instead of
specifying the main NI-DAQ Turbo Pascal Unit (TPU), you
specify only the needed sub-TPUs. To do this, replace the USES
NI DAQ statement in your application with USES xxx; where
XxXxx isone or more of the sub-TPUs containing the function or
functions you want. The TPULI ST. TXT filein the NI-DAQ
PAS_EX directory contains a table that lists the TPUs and the
functions they contain.

Using these unitsinstead of using ni daq. t pu prevents Turbo Pascal
from having to bring all the units into memory. Notice that the final
executable file is only slightly smaller than a program using

ni daq. t pu because Turbo Pascal does not include any unused code
in the final executable file.

If you are not running out of memory during compilation (such aswhen
using the TPCX to compile), this method of bypassing ni daq. t pu
may not offer you any significant advantage.

Example Programs

Y ou can find a set of example programs and the necessary header files
in the NI DAQDOS\ PAS_EX directory.

The Fundamentals of Building Windows Applications

with NI-DAQ

This section contains general information about building NI-DAQ
applications, describes the nature of the NI-DAQ files used in building
NI-DAQ applications, and explains the basics of making applications
using the following tools:

e Borland C++ for Windows
e Microsoft Visual C++
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* Borland Turbo Pascal for Windows
*  Microsoft Visual Basic

If you are not using the tools listed, consult your development tool
reference manual for details on creating applications that call DLLs.

The NI-DAQ Libraries
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Note:

The NI-DAQ for Windows function libraries are DLLs, which means
that NI-DAQ routines are not linked into the executable files of
applications. Only the information about the NI-DAQ routinesin
NI-DAQ import libraries are stored in the executable files. For that
reason, Windows-executable files are usually smaller than DOS-
executable files.

FOR USERS OF NI-DAQ 4.5.2 AND EARLIER ONLY—The NI-DAQ DLL is
NI DAQ DLL. The NI-DAQ import library is NI DAQ. LI B. In NI-DAQ
versions prior to version 4.6, the DLL was called ATWDAQ. DLL and the
import library was ATWDAQ. LI B. If you recompile and link an old
program, you need to use the name NI DAQinstead of ATWDAQ.

Import libraries contain information about their DLL-exported
functions. They indicate the presence and location of the DLL routines.
Depending on the development tools you are using, you may give the
DLL routinesinformation through import libraries or through function
declarations.

Using functional prototypesisagood programming practice. That is
why NI-DAQ is packaged with functional prototype files for four
different Windows development tools. The installation utility copies
the appropriate prototype files for the development tools you choose.
If you are not using any of the four development tools that NI-DAQ
supports, you must create your own functional prototype file.

Calling Windows DLL functions with their ordinal numbers defined
improves Windows performance. For thisreason, National | nstruments
has documented the ordinal numbersfor all the exported functionsin a
file named WDAQFUNC. ORD.

NI-DAQ Programming Considerations

In addition to knowing how to use the NI-DAQ DLL, you should
consider some special problemsthat can occur when you access certain
NI-DAQ routines. This section briefly describes the nature of the
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problems. The following sections, which are specific to each language,
give the methods for solving the problems.

Buffer Allocation

Allocating memory in a Windows application is much morerestrictive
than is normally encountered in a non-Windows application. Windows
requires you to allocate all memory through the Windows memory
manager, and thus has its own memory-allocation functions. In most
cases, you should use these functions rather than the memory-
allocation functions normally used by a specific language.

Huge (Greater Than 64 KB) Buffer Access

Buffers of allocated memory that exceed 64 KB are divided into 64 KB
groups, or segments. When you are accessi ng datawithin the buffer and
you reach the end of one of these segments and must reference the next
segment, you need some way of finding the address of the next
segment. This event is called crossing a segment boundary. Some
languages have special types of pointers that make this crossing
transparent to the programmer; other languages require you to perform
your own pointer arithmetic using a Windows-supplied constant to
increment your pointer address.

String Passing

When NI-DAQ for Windows routines call for astring that is passed as
a parameter, the routines expect a pointer to a null-terminated string.
Some languages require special string handling to support this type.

Parameter Passing

Y ou can pass procedure or function parameters by value or by
reference. Different languages have different default settings. Y ou
must be sure to pass certain variables by value or by reference to each
NI-DAQ for Windows function.

Data Acquisition with DMA

In NI-DAQ for Windows, it is possible to use data acquisition buffers
above 16 MB if you are using NI VI SRD. 386, which is the default
option. NI-DAQ copies data from a buffer below 16 MB to or from
your data acquisition buffer above 16 MB.
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If you do not use NI VI SRD. 386, or you are using NI-DAQ for DOS,
the DMA region is limited to the first 16 MB of physical memory
because of the AT and NEC bus architectures. Therefore, if any portion
of adata acquisition DMA buffer is mapped above the first 16 MB of
memory, NI-DAQ returns the invalidM emRegionErr error (-199).

To avoid this limitation, use Set _DAQ Devi ce_I| nf o to switch
data acquisition to interrupt-driven mode or use an EISA computer.

Creating a Windows Application Using Borland C++

This section assumes that you will be using the Borland IDE to manage
your code development.

For Windows programsin general, remember to follow this procedure:
1. Open aproject module to manage your application code.
2. Createfiles of type. cpp (C++ source code).

3. Set Options\Application to W ndows App to set options similar
to those used in a module definition file.

4. Create your resources using the Borland Whitewater Resource
Toolkit. After you have created the resources, save them into a
. res fileand add the. r es fileto thelist of files for the project
window.

Tousethe NI-DAQ functions, you must usethe NI-DAQ DLL. Follow
this procedure:

1. Createyour sourcefile asyou would for other Windows programs
written in C++, calling NI-DAQ functions as typical function
calls.

2. Prototype any NI-DAQ routines used in your application. Include
the NI-DAQ header file, which prototypesall NI-DAQ routines, as
shown in the following example:

#i ncl ude "WDAQ BC. H'

3. Addthe NI-DAQ import library NI DAQ. LI B to the project
module.

Example Programs

Y ou can find some example programs and project files created in
version 3.1 in the NI DAQAN N\ BCPP_EX directory. Newer versions
can use 3.1 project files.
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Special Considerations

Buffer Allocation

To alocate memory, you can use the Windows functions

d obal Al'l oc() and d obal Free() or an NI-DAQ memory
management function, NIl _DAQ_Mem Al | oc or

NI _DAQ Mem Fr ee. After allocation, to use abuffer of memory, you
must lock memory with G obal Lock() or Nl _DAQ Mem Lock.
After using the memory, you must unlock memory with

d obal Unl ock() or NI _DAQ Mem Unl ock.

I f you allocate memory from @ obal Al | oc(), call G obal Lock() and
d obal PageLock() on the memory object before passing it to NI-DAQ.

Huge Buffer Access

When referencing memory buffers that may exceed 64 KB in size, use
huge pointers to reference the buffer. Any other pointer type will not
perform the correct pointer increment when crossing the 64 KB
segment boundary. When you use the huge pointer, C automatically
adjusts for segment wraparound and normalizes the segment for
pointer comparison.

String Passing

To pass strings, pass a pointer to the first element of the character
array. Be sure that the string is null-terminated.

Parameter Passing

By default, C passes parameters by value. Remember to pass pointers
to the address of a variable when you need to pass by reference.

Creating a Windows Application Using Microsoft Visual C++

This section assumes that you will be using the Microsoft Visual
Workbench to manage your code development.

For Windows programsin general, remember to follow this procedure:
1. Open aproject module to manage your application code.

2. Createfiles of type. cpp (C++ source code).

3. Create amodule definition file, and add it to the project.
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4. Create your resources using the App Studio. After you have

created the resources, savethemintoan. r ¢ fileand add the. r ¢
file to the project.

To usethe NI-DAQ functions, you must usethe NI-DAQ DLL. Follow
this procedure:

1.

Create your source file as you would for other Windows programs
written in C++, calling NI-DAQ functions as typical function
cals.

Prototype any NI-DAQ routines used in your application. Include
the NI-DAQ header file, which prototypesall NI-DAQ routines, as
shown in the following example:

#i ncl ude "WDAQ C. H'

Add the NI-DAQ import library NI DAQ. LI B to the project
module.

Special Considerations

See Special Considerationsin the Creating a Windows Application
Using Borland C++ section earlier in this chapter.

Creating a Windows Application Using Turbo Pascal
For Windows programs in general, remember the following points;

1.
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Turbo Pascal for Windows 1.0 and 1.5 users: Create files of type
. pas (Pascal source code), including the Windows object units
WObj ect s, W nTypes, and W nPr ocs.

Turbo Pascal 7.0 users: Create files of type . pas (Pascal source
code), including the units OW ndows, ODi al ogs, W nTypes,
and W nPr ocs.

Create your resources using the Borland Whitewater Resource
Toolkit and savetheresourcesintoa. r es file. You must add this
resource to the executable file by using the{ $R . . .} compiler
command.

Turn on the { $N+} compiler option to enable the extended
floating-point types. Y ou can use this option whether or not you
actually have a math coprocessor; if you do not have a
coprocessor, Turbo Pascal will emulate one for you. NI-DAQ
functions expect to receive 8-byte floating-point values; with the
$N option enabled, Turbo Pascal for Windows can generate an
8-byte variable of type doubl e. Otherwise, with this option
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disabled, Turbo Pascal can only generate a 6-byter eal , whichis
not compatible with NI-DAQ routines.

To use the NI-DAQ functions, you must use the NI-DAQ DLL. You
will not be using the import library (asin C or C++) to reference the
DLL, however. Follow this procedure:

1. Create your source file as you would for any other Windows
program written in Pascal, calling NI-DAQ functions as typical
function calls.

2. Prototype any NI-DAQ routines used in your application. Include

the NI-DAQ include file, which prototypes all NI-DAQ routines,
as shown in the following example:

{$| WDAQ TP. | NC}

Gy Note: Thisinclude file defines a special pointer to a double type called
PDoubl e. Use PDoubl e in a manner similar to that of the Turbo Pascal
for Windows type PI nt eger .

Example Programs

Y ou can find a set of example programs and the necessary header files
in the NI DAQW N\ TP_EX directory.

Special Considerations

Buffer Allocation

To alocate memory, you can use the Windows functions

G obal Al l oc() and @ obal Free() or an NI-DAQ memory
management function, Nl _DAQ Mem Al | oc or

NI _DAQ Mem Fr ee. After allocation, to use abuffer of memory, you
must lock memory with A obal Lock() or NI _DAQ Mem Lock.
After using the memory, you must unlock memory with

G obal Unl ock() or NI _DAQ Mem Unl ock.

Note: If you allocate memory from @ obal Al | oc(), call A obal Lock(),
and G obal PageLock() on the memory object before passing it to
NI-DAQ.

Huge Buffer Access

Unlike C and C++, Turbo Pascal does not support huge pointers.
Consequently, you must perform your own pointer arithmetic when
accessing memory buffers greater than 64 KB in size. Essentially,
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whenever you increment a pointer to a buffer of memory, you should
check the low word of the pointer to seeif it rolls over from $FFFF
back to $0000. In this case, you need to increment the high word of the
pointer by avalue given as Of s( AHI ncr) . Thisincrements the
Windows sel ector by the correct amount and references the next 64 KB
segment. By using record variants like PMenor y used in
DAQOP_TP. PAS, you can easily access both the pointer and the high
and low words of the pointer value. For more details, please see your
Turbo Pascal manuals.

String Passing

Normally, standard Pascal strings consist of an array of up to 255
characters, with the first byte reserved for the length of the existing
string. However, Windows and NI-DAQ functions expect a null-
terminated string, such as those used in the C language. Fortunately,
Turbo Pascal for Windows extends the string syntax to support the
null-terminated string. To use this option, check to ensure that the
extended syntax compiler option { $X+} isenabled (which isthe
default), and then declare the string as an array of characters, asin the
following example:

type

Tfilename = array[0..80] of Char;
begin

err := DAQto_Disk(.., Tfilenane, ...);

In addition, Turbo Pascal has a predefined pointer to a null-terminated
string called PChar . To pass a null-terminated string to a procedure or
function, pass either aPChar pointer variableto the string, or passthe
name itself without an index.

Parameter Passing

By default, Pascal passes parameters by value. Include the var
keyword if you need to pass by reference.

Functions such as DAQ _Moni t or or Al i gn_DMA Buf f er return
variables (newest Pt | ndex and Al i gnl ndex) that index certain
buffers. These values assume that the index of your first index is zero. I f
your Pascal array starts at one, you must add one to these variablesif you
use them.
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Creating a Windows Application Using Microsoft Visual Basic

To usethe NI-DAQ functions, you must usethe NI-DAQ DLL. Follow
this procedure:

1. Create your forms and code as you would for any other Visual
Basic program, calling NI-DAQ functions as typical function
calls.

2. Prototypeany NI-DAQ routines used in your application. Y ou can
do this by adding the NI-DAQ header module WDAQ VB. BASin
the NI-DAQ VB_EX directory. Go to the File menu and select the
Add File option. Then, using the file dialog box, find
WDAQ VB. BAS and click on the OK button. Verify thefile's
existencein the project window. Thisheader filewill prototypeall
NI-DAQ functions.

Note: Use WDAQR_VB. BAS if you are using NI-DAQ memory management
functions. Do NOT add both WDAQ VB. BAS and WDAQR _VB. BAS to the
same project.

In Visual Basic, function declarations have scope globally throughout the
project. I n other words, you can defineyour prototypesin any module. The
functions will be recognized even in other modules.

For information on using the NI-DAQ Visual Basic Custom Controls, see
the NI-DAQ Eventsin Visual Basic for Windows section in Chapter 3,
Software Overview.

Please also refer to the Programming Languages Considerations section in
Chapter 1, Using the NI-DAQ Functions, of the NI-DAQ Function Reference
Manual for PC Compatibles for more information on using the NI-DAQ
functionsin Visual Basic for Windows.

Example Programs

Y ou can find a set of example programs and the necessary header files
in the NI DAQW N\ VB_EX directory.

Special Considerations

Buffer Allocation

Visual Basicisquite restrictive when allocating memory. Y ou allocate
memory by declaring an array of whatever data type with which you
want to work. Visual Basic supports dynamic memory allocation by
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allowing you to redimension an array to a variable size during run-
time. However, arrays are restricted to being less than 64 KB in total
size (this translates to about 32,767 integers, 16,384 long integers, or
8,191 doubles). To break the 64 KB buffer size barrier, you can use
NI-DAQ memory management functions, with which you can use
buffers larger than 64 KB. For more information on NI-DAQ memory
management functions, see The Memory Management Functions
section in Chapter 3, Software Overview.

Pay special attention to NI-DAQ routines that modify string buffers,
such asthe DAQ DB_St r Tr ansf er routine. You must ensure that
the memory buffer is already allocated to a size large enough to
accommodate all of the requested samples. The following example
code copies a string buffer to disk:

open "filename.dat" for Binary As fh%
strBuffer$ = String$ (nunSanples, 0)' Allocate space for half buff

daqErr% = DAQ DB_StrTransfer (board% strBuffer$, ptsTfr& status%
Put fh% , strBuffer$

close fh%

Huge Buffer Access

Visual Basic does not support buffer allocation greater than 64 KB or
huge buffer access. To allocate and use buffers that are larger than
64 KB, consult the NI-DAQ memory management functions.

String Passing

In Visual Basic, variables of datatype St r i ng need no special
modifications to be passed to NI-DAQ for Windows functions. Visual
Basic automatically appends a null character to the end of a string
before passing it (by reference, because strings cannot be passed by
value in Visual Basic) to a procedure or function.

Parameter Passing

By default, Visual Basic passes parameters by reference. Include the
ByVal keyword if you need to pass by value.
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The Fundamentals of Building Windows NT
Applications with NI-DAQ

This section contains general information about building NI-DAQ
applications, describesthe nature of the NI-DAQ files used in building
NI-DAQ applications, and explains the basics of making NI-DAQ
applications using the following tool:

e Microsoft Visual C++ for Windows NT Version 1.0

If you are not using the tool listed, consult your development tool
reference manual for details on creating applications that call the
Windows NT DLL.

The NI-DAQ for Windows NT Files

The NI-DAQ for Windows NT function library includesaDLL and
two Windows NT kernel device drivers, Nl DAQNT. SYS and

NI DAQKNL. SYS. Most of the functionality is built into the kernel
mode device driver, Nl DAQNT. SYS.

NI DAQKNL. SYSiisinstalled only on I SA-bus computers and hel ps
users do DMA transfersinto physical memory about 16 MB. The DLL
provides a portable programming interface for NI-DAQ applications.

The NI-DAQ for Windows NT DLL, NI DAQ. DLL, islocated in your
Windows NT SYSTEM32 directory. You can find the kernel mode
devicedriversin your Windows NT SYSTEM32\ DRI VERS directory.

In addition to the system files, NI-DAQ for Windows NT is shipped
with other files to help you develop NI-DAQ applications. These files
are in the directory you select when installing NI-DAQ for

Windows NT.

«  WDAQ C. Hisaninclude file that contains all NI-DAQ function
prototypes. Y ou should include thisfile in your source files when
you build your NI-DAQ applications.

« NI DAQ LI Bisanimport library for the NI - DAQ DLL. When
linking NI-DAQ applications, include this library in your link
command in order to resolve all your NI-DAQ function calls.
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Creating a Windows NT Application Using Microsoft Visual C++ for

Windows NT

The best way to learn how to build an NI-DAQ application is to study
the example programs NI-DAQ provides. Al AOXMPL. Cisthe
simplest example program for Windows NT. The make files shipped
with the examples are generated by the Visual C++ IDE. You can use
them as project filesin the Visual C++ environment or use them with
NMAKE. EXE for the Visual C++ command-line compiler. Carefully
study the make file on how to build Al AOXMPL. EXE.

Before you run the NMAKE command, be sure of the following:

1. Your | NCLUDE environment variable is pointing to the Visual
C++ include directory.

The environment variable CPU is defined as i386.

The compiler canlocate WDAQ _C. Hwhen it compilesthe example
program. The NI-DAQ install utility puts the file in the NI-DAQ
example program directory. If you compile unmodified NI-DAQ
example programs, thiswill not be a problem.

4. Thelinker can locate NI DAQ. LI B when it links the example
program. The NI-DAQ install utility putsthe filein the NI-DAQ
library directory. If you use the NI-DAQ unmodified example
make file, this will not be a problem.

When you are ready to make the example program, switch to the
NI-DAQ example directory and type the following:

nmake /f ai aoxnpl . mak
to make Al AOXMPL. EXE.

The NI-DAQ example make files use most of the default compiler and
link options. If your NI-DAQ applications demand other options,
consult your compiler manuals for more information.

Special Considerations

Changing 1/0 Page Lock Limit

Windows NT limits the total amount of memory that is nonswappable
(page locked). The default amount of memory is determined according
to thetotal amount of physical memory availablein your system. If you
are working with large data acquisition buffers, you can increase the
default 1/0 page lock limit in WDAQCONF. EXE. To change the page
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lock limit, select | OPagel ockL imit under the Options menu and
enter anew page lock limit. Y our changeswill go into effect when you
reboot and restart Windows NT.

User Privilege Level When Using NI-DAQ

Windows NT provides different security levels for different kinds of
users. Depending on your privilege level, you have limitations on what
you can do with NI-DAQ.

The NI-DAQ kernel mode device driver Nl DAQKNL. SYSisloaded at
system boot time and is never unloaded from the system.

By default, NI-DAQ applicationsload the NI-DAQ kernel mode device
driver NI DAQNT. SYS on demand. Windows NT loads the NI-DAQ
device driver NI DAQNT. SYS when you run your first NI-DAQ
application. Windows NT unloadsthedriver Nl DAQNT. SYSwhen you
terminate the last NI-DAQ application. This default behavior saves
memory when you are not running an NI-DAQ application. Loading
and unloading device drivers require the highest privilege level,
administrator level.

However, you may not want to always run your NI-DAQ application
in the highest privilegelevel. To change the default behavior, you need
to change the load option for NI-DAQ driver Nl DAQNT. SYSin the
Control Panel asfollows:

1. Gotothe Control Panel and select Devices.

2. Usethe scroll bar and scroll down the driver list until you see
NIDAQNT.

Highlight NIDAQNT by clicking on it once.
Click on the Startup button on the right.
Change the startup type to Automatic and press OK.

o 0~ w

Close the Devices window and Control Panel.

The next time you reboot and restart Windows NT, Windows NT will
automatically load the NI-DAQ driver NI DAQNT. SYS when it boots.
Y ou can then log in as any type of user and run NI-DAQ applications.

However, thereis one drawback to this option. WDAQCONF needsto be
able to load and unload the NI-DAQ device driver Nl DAQNT. SYS on
the fly in order to configure DAQ devices. After you change the driver
load option to automatic, you will not be able to configure any DAQ
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devices through WDAQCONF. Y ou can run WDAQCONF only in read-
only mode. If you need to configure a DAQ device, you must change
the load option back to manual and reboot Windows NT.
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The MIO and Al Multifunction 1/0 Devices

Chapter

This chapter contains hardware information concerning your National
Instruments DAQ device.

MIO and Al Device Analog Input

The National Instruments MO and Al devices differ in some respects
depending on the timing and control hardware on them. We will refer
tothe AT-MI10-16, AT-MI0O-16D, AT-MI0O-16F-5, AT-MI0-16X, and
AT-MI0O-64F-5 boards as Am9513-based devices because they contain
the Am9513 System Timing Controller chip. Timing and control on the
E Series devices is performed by the National Instruments Data

Acquisition System Timing Controller (DAQ-STC) ASIC.

Table 2-1 summarizesthe key analog input characteristicsfor the MIO
and Al multifunction 1/O devices.

Table 2-1.  MIO and Al Multifunction I/0 Device Analog Input Characteristics
5| Lo
B »n c ) (@) o D B o
g o D S lo 2 e |8<| 2 8
< 8c|Q5% | c ® [T S-|% 3
3 £g|2%@ |3 > =8 |T o 8>
) ES2 | <82 |0 8 a3 89| &
=z 0 x 04 c < I8 =23
—_ c > O
< | WL
AT-MIO-16E-2, 16 12 05,1,2,510,| #50t010 2,048 yes yes
NEC-MI0O-16E-4, 20, 50, 100
NEC-AI-16E-4
AT-MIO-64E-3 64 12 05,1,2,5,10,| #5,0to10 2,048 yes yes
20, 50, 100
AT-MIO-16E-10, 16 12 05,1,2,510,| +50t010 512 no yes
AT-MIO-16DE-10 20, 50, 100
AT-MIO-16E-1 16 12 05,1,2,510,| +50t010 8,192 yes yes
20, 50, 100
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Table 2-1.  MIO and Al Multifunction I/0 Device Analog Input Characteristics (Continued)
5| Lo
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AT-MIO-16XE-50, 16 16 1,2,10,100 | #10,0t010 | 512 no yes

NEC-MI0-16XE-50,

NEC-AI-16XE-50,

DAQPad-MI0-16XE-50

AT-MIO-16F-5 16 12 05,1,2,5,10,| 0to+10,+#5 | 256 no yes
20, 50, 100

AT-MIO-64F-5 64 12 05,1,2,5,10,| 0to+10,+#5 | 512 no yes
20, 50, 100

AT-MIO-16X 16 16 1,2,5,10,20,| Oto+10,+10 | 512 no yes
50, 100

AT-MIO-16L, 16 12 1,10, 100,500 Oto+10,45 | 16(512 | no no

AT-MIO-16DL onDL)

AT-MIO-16H, 16 12 1,24,8 0to+10, 45, | 16(512 | no no

AT-MIO-16DH on DH)

Note: Terms such as ADC resolution and analog trigger are defined in the

Glossary.

MIO-16/16D Data Acquisition

The M10-16/16D can perform single-channel data acquisition and
multiple-channel scanned data acquisition. For single-channel data
acquisition, you select a single analog input channel and gain setting.
The M10-16/16D performs a single A/D conversion on that channel
every sampleinterval.

For multiple-channel scanned data acquisition, the M1O-16/16D 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 settingsfor each channel. Thelength of this scan sequence can
be 1 to 16 channel/gain pairs. During scanning, the analog input
circuitry performs an A/D conversion on the next entry in the scan
sequence. The MI0O-16/16D performs an A/D conversion once every
sampleinterval. For maximum performance, this operationis pipeline
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so that the device switches to the next channel while the current A/D
conversion is performed. When the end of the scan sequence is
reached, the M10O-16/16D waits for a specified scan interval before
scanning the channels again. The device scans the channel s repeatedly
at the beginning of each scan interval until the device acquires the
required number of samples. For example, you can scan a sequence of
four channels once every 10 s. The M10-16/16D could sample the
channels at the beginning of the 10 sinterval, within 100 ps, with a
25 ps sample interval between channels. If you set the scan interval to
0, the scan sequence starts over again immediately at the end of each
scan sequence without waiting for a scan interval. The 0 scan interval
setting causes the M10O-16/16D to scan the channels repeatedly as fast
as possible.

Y ou can combine both single-channel and multiple-channel
acquisition with any of the following additional modes:

»  Posttrigger mode

e Pretrigger mode

*  Double-buffered mode
*  AMUX-64T mode

e SCXI mode

Posttrigger mode collects a specified number of samples after the
MIO-16/16D receivesatrigger. Y ou caninitiate posttrigger acquisition
through software or by applying a pulse edge to the STARTTRIG*
input. After the user-specified buffer is full, the data acquisition stops.

Pretrigger mode collects data both before and after the M10-16/16D
receives atrigger. You can initiate data acquisition as in posttrigger
mode, either through software or by applying a pulse on
STARTTRIG*. Thedevice collects sasmples and fillsthe user-specified
buffer without stopping or counting samples until the device receives
apulse at the STOPTRIG input. The device then collects a specified
number of samples and stops the acquisition. The buffer istreated asa
circular buffer—when the entire buffer has been written to, datais
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.
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Double-buffered mode, like pretrigger mode, also fills the user-
specified buffer continuously. You can call DAQ _DB_Tr ansf er or
DAQ_Mbni t or to transfer old data into a second buffer before it is
overwritten by new data. DAQ _DB_Tr ansf er transfers data out of
one half of the buffer while the other half is filled with new data.

In the AMUX-64T mode, you use one or more external AMUX-64T
devices to extend the number of analog input channels available. Y ou
connect the external signals to the pins of the AMUX-64T devices
instead of directly to the pins of the DAQ device.

Y ou can use SCXI| modules as a data acquisition front end for the
MI0O-16/16D to condition theinput signals and multiplex the channels.
Y ou can use all the modes just described in conjunction with SCXI.
The SCXI Hardware section later in this chapter describes how to use
the SCXI functions to set up the SCX| modules for a data acquisition
application.

=+ Note Refer to the Set _DAQ Devi ce_I nf o function in Chapter 2, Function
Reference, of the NI-DAQ Function Reference Manual for PC Compatiblesfor
information on data transfer modes.

MIO-16/16D Data Acquisition Timing

The onboard Am9513 Counter/Timer can perform timing for data
acquisition, or you can perform timing externally. The Am9513 16-bit
Counter/Timers are assigned as follows:

*  Counter 1 is used for multiple-channel scanning with the
AMUX-64T and is otherwise available for general-purpose
counting functions.

e Counter 2 is used for multiple-channel scanning when
scan_interval is not equal to 0. Counter 2 is also used for
waveform generation and later update mode anal og output.
Counter 2 is otherwise available for general-purpose counting
functions.

e Counter 3 isasample-interval counter reserved for data
acquisition.

* Counter 4 is a sample counter reserved for data acquisition.

e Counter 5 is available for general-purpose counting functions.
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Data acquisition timing involves the following timing signals:

e A starttrigger is an edge-triggered signal that initiates a data
acquisition sequence. Y ou can supply atrigger pulse either
externally through the I/O connector STARTTRIG* input or from
software control. You can enable a hardware start trigger by
calling DAQ Confi g.

» A conversion pulseisasignal that generates a pulse once every
sample interval, initiating an A/D conversion. The onboard,
programmable sample-interval clock supplied by the Am9513
Counter/Timer on the M10-16/16D and AT-MI10O-16D can
generatethissignal, or you can supply it externally through the 1/O
connector EXTCONV* input. Y ou can select external conversion
pulsesby calling DAQ Conf i g. If you do nhot want to use external
conversion pulses, you should disconnect the EXTCONV* pin on
the I/O connector to prevent extra conversions. If you are using
SCXI with your DAQ device, refer to the SCXI Data Acquisition
Rates section in Chapter 3, Software Overview, for the effect of
SCXI1 module settling time on your DAQ device rates.

* You use a sample counter when conversion pulses are generated
either by the onboard sample-interval counter or externally. The
sample counter tallies the number of A/D conversions (samples)
and shuts down the data acquisition timing circuitry when the
number of samples you want has been acquired.

e A stoptrigger isasignal you use for pretriggered data acquisition
to notify the M10-16/16D to stop acquiring data after a specified
number of samples. Until you apply the stop trigger pulse at the
STOPTRIG input on the 1/O connector, a data acquisition
operation remains in a continuous acquisition mode, indefinitely
writing and rewriting data to the buffer. You can select
pretriggering by calling DAQ St opTri gger _Confi g.

» A timebase clock isaclock signal that is the timebase for the
sample-interval counter. Onboard selections of 1 MHz, 100 kHz,
10 kHz, 1 kHz, or 100 Hz are available. The I/O connector at the
SOURCES input can also supply an external timebase clock.

See your device user manual for more information regarding these
signals.
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MIO-16/16D Data Acquisition Rates

Refer to the appropriate device user manual for the data acquisition
rates and sample intervals for single-channel data acquisition with the
MI0O-16/16D.

If you are using SCXI with your DAQ device, refer to the SCXI Data
Acquisition Rates section in Chapter 3, Software Overview, for the
effect of SCXI module settling time on your DAQ device rates.

With multiple-channel scanned data acquisition, extratimeisrequired
by the data acquisition circuitry for gain/multiplexer settling because
of channel switching. The settling time required depends on the gain
setting used for each channel. This settling time also limits data
acquisition rates. Refer to the appropriate device user manual for the
recommended values for settling time versus gain.

E Series, AT-MIO-16F-5, AT-MIO-64F-5, and
AT-MIO-16X Data Acquisition

The E Series, AT-MI0-16F-5, AT-M10-64F-5, and AT-M10-16X can
perform single-channel dataacquisitionsand multiple-channel scanned
data acquisitions. For single-channel data acquisition, select asingle
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. I n 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 sinterval, within 20 ps, with a5 ps sample
interval between channels. If you set the scan interval to 0, the scan
sequence starts over again immediately at the end of each scan
sequence without waiting for a scan interval. The 0 scan interval
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setting causes the device to scan the channels repeatedly as fast as
possible.

Y ou 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

e SCXI mode

Posttrigger mode collects a specified number of samples after the
device receives atrigger. 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
atrigger 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 devicelater 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 buffer—when
the entire buffer has been written to, datais 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. You can call DAQ DB_Tr ansf er to
transfer old data into a second buffer before it is overwritten by new
data. DAQ DB _Tr ansf er transfers data out of one half of the buffer
while the other half isfilled with new data.

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.
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Y ou can use SCX| 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. The
SCXI Modules and Compatible DAQ Devices section later in this
chapter describes how to use the SCXI functions to set up the SCXI
modules for a data acquisition to be performed by a DAQ device.

Note: Refer to the Set _ DAQ Devi ce_I nf o function in Chapter 2, Function
Reference, of the NI-DAQ Function Reference Manual for PC Compatiblesfor
information on data acquisition modes.

Gy Note: (AT-MI10O-64F-5and AT-MI10-16X only) | f you havean AT-DSP2200, you
can acquire AT-MI0-64F-5 or AT-MI0O-16X data directly into DSP
memory through the RTSI bus. Allocate a DSP buffer through
NI _DAQ Mem Al | oc and pass the buffer to NI-DAQ through
DAQ Start or SCAN Start.

E Series Data Acquisition Timing

Thefollowing 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
will ensure that you acquire selected number of scans before the stop
trigger is recognized.

» The scan timer is a counter that you can use for start scan timing.

e Thesampleinterval timer is a counter that you can use for
conversion timing.

Data acquisition timing involves the following timing signals:

* A starttrigger isasignal that initiates a data acquisition sequence.
Y ou can supply this signal externally through a selected 1/0
connector pin, through a RTSI bus trigger line, or by software.

e A start scan signal initiates individual scans. This signal can be
supplied from the on-board programmable scan timer, externally
through a selected /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 1/0O
connector pin, through a RTSI bus trigger line, or by software.
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» A stoptrigger isasignal 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 1/0 connector pin, through a RTSI
bus trigger line, or by software.

e Gateisasignal 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 1/O connector pin, through a RTSI bus trigger
line.

e 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 1/O connector pin,
or through a RTSI bus trigger line.

* Sampleinterval timer timebase isasignal used by the sample
interval timer for conversion timing. Thissignal isused only when
the sample interval timer isused. Thissignal can be supplied from
one of the on-board timebase sources, externally through a
selected 1/0 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-hit 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.

Whenever you specify atimebase value different from the internal
timebases the DAQ-STC uses, NI-DAQ attempts to convert the
timebase and interval values you specified into those that the
DAQ-STC can use. If NI-DAQ cannot make the translation without a
loss of resolution, it returns rateNotSupportedErr. This would
typically occur if you specified atimebase of 5 (100 Hz) and a sample
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interval of 100, for example, for aresulting sampleinterval of 1 s. This
would generate an error because the sample interval counter would roll
over before 1 s.

AT-MIO-16F-5, AT-MIO-64F-5, and AT-MIO-16X Data
Acquisition Timing
Timing for data acquisition can be performed by the onboard Am9513

Counter/Timer or externally. The Am9513 16-bit Counter/Timers are
assigned as follows:

e Counter 1 is used for multiple-channel scanning with the
AMUX-64T, and for waveform generation. Counter 1 isotherwise
available for general -purpose counting functions.

*  Counter 2 is used for multiple-channel scanning when
scan_interval is not equal to 0, and for waveform generation.
Counter 2 is otherwise available for general-purpose counting
functions.

e Counter 3 isasample-interval counter reserved for data
acquisition.
e Counter 4 is a sample counter reserved for data acquisition.

» Counter 5isavailablefor general-purpose counting functions, and
is also used for waveform generation.

Although counters 1, 2, and 5 are all mentioned as being used for
waveform generation on the AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X, only one counter at atime is used. The choice is based
on availability with counter 5 being the first choice, counter 2 second,
and counter 1 last.

Data acquisition timing involves the following timing signals:

* A start trigger is an edge-triggered signal that initiates a data
acquisition sequence. A trigger pulse can be supplied either
externally through the I/O connector EXTTRIG* input or from
software control. You can enable a hardware start trigger by
calling DAQ_Confi g.

e A conversion pulseis asignal that generates 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 Am9513 Counter/Timer on board, or
can be supplied externally through the 1/0 connector EXTCONV*
input. You can select external conversion pulses by calling
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DAQ _Confi g. If you do not want to use external conversion
pulses, you should disconnect the EXTCONV* pin on the 1/O
connector to prevent extra conversions.

e A sample counter is used when conversion pulses are generated
either by the onboard sample-interval counter or externally. The
sample counter tallies the number of A/D conversions (samples)
and shuts down the data acquisition timing circuitry when the
device has acquired the desired number of samples.

* A stoptrigger isasignal used for pretriggered data acquisition to
notify the device to stop acquiring data after a specified number of
samples. Until the stop trigger pulse is applied at the EXTTRIG
input on device, a data acquisition operation remainsin a
continuous acquisition mode, indefinitely writing and rewriting
data to the buffer. You can select pretriggering by calling
DAQ St opTri gger_Confi g.

* A timebase clock isaclock signal that provides the timebase for
the sample-interval counter. Onboard selectionsof 5MHz, 1 MHz,
100 kHz, 10 kHz, 1 kHz, or 100 Hz are available. Y ou can also
apply an external timebase clock through the I/0O connector at the
SOURCES input.

See your DAQ device user manual for more information regarding
these signals.

E Series, AT-MIO-16F-5, AT-MIO-64F-5, and AT-MIO-16X
DAQ 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 SCXI Data
Acquisition Rates section in Chapter 3, Software Overview, for the
effect of SCXI module settling time on your DAQ device rates.

MIO Device Analog Output

The MI10 devices contain two analog output channels numbered 0 and
1. Each analog output channel contains a 12-bit DAC, except on the
AT-MIO-16X, which contains a 16-bit DAC. Y ou can configure each
anal og output channel for unipolar or bipolar voltage output except on
the M10O-16XE-50 devices, which is always in bipolar mode. An
onboard voltage reference of +10 V is available for the analog output
channels. An external reference voltage signal can also drive the
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analog output channels except on the M10-16XE-50 devices. See the
AO_Conf i gur e function in Chapter 2, Function Reference, of the
NI-DAQ Function Reference Manual for PC Compatibles for more
information about configuring the DACs.

MIO Device Waveform Generation

The Waveform Generation functions can continuously write values to
either one or both analog output channels using an onboard or external
clock to update the DACsat regular intervals. The values are contained
in abuffer that you allocate and fill. The resultant voltages produced at
the anal og output channels depend on the value of the numbersin the
buffer, the level of the reference voltage, and the polarity setting.

Note: (MIOE Series, AT-MI0O-16F-5, AT-MI O-64F-5, and AT-MI0O-16X only)
NI-DAQ can use either DMA or interrupt service routines to generate
waveforms on the analog output channels. By default, NI-DAQ usesDMA
because DMA is simply more efficient. If you prefer to reserve the DMA
channelsfor the Data Acquisition functions or for other devicesin the
system, call Set _DAQ Devi ce_I nf o (described in Chapter 2, Function
Reference, of the NI-DAQ Function Reference Manual for PC Compatibles) to
force NI-DAQ not to use DMA for waveform generation.

MIO E Series Waveform Generation Using Onboard
Memory

The MIO E Series devices with analog output FIFOs (the
AT-MIO-16E-1, AT-MIO-16E-2, NEC-MI0O-16E-4, and
AT-MIO-64E-3) support FIFO mode waveform generation. In this
mode, waveform dataistransferred to the onboard DA C FIFO memory
only once. These values are then cycled through to generate the
waveform continuously or for afinite number of iterations. No
interrupt service or DMA operation isrequired to transfer more datato
the device during waveform generation.

The following conditions must be satisfied to use FIFO mode
waveform generation:

*  One cycle worth of waveform data can be held entirely on the
device DAC FIFO memory.

e Double-buffered waveform generation mode is disabled.

»  The number of cycles to generate can be infinite (denoted by the
value 0), or between 1 and 16,777,216 inclusive.
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There are two variations possible in FIFO mode waveform generation:

e Continuous cyclic waveform generation—An onboard counter or
an external signal provides the update pulses. Once started, the
waveform generation continues until you call the clear function to
stop the waveform.

*  Programmed cyclic waveform generation—An onboard counter or
an external signal provides the update pulses. A separate onboard
counter terminates the waveform after a finite number of cycles
has been generated.

Refer to your DAQ device manual for more information on waveform
generation.

AT-MIO-16X and AT-MIO-64F-5 Waveform
Generation Using Onboard Memory

The AT-MI0-16X and AT-MI0O-64F-5 support FIFO mode waveform
generation. Inthismode, waveform dataistransferred to onboard DAC
FIFO memory only once. These values are then cycled through to
generate the waveform continuously or for afinite number of
iterations. No interrupt service or DMA operation is required to
transfer more data to the device during waveform generation.

The following conditions must be satisfied to use FIFO mode
waveform generation:

* One cycle worth of waveform data can be held entirely on the
device DAC FIFO memory.

»  Double-buffered waveform generation mode is disabled.

*  The number of cyclesto generate can be infinite (denoted by the
value 0), or between 1 and 65,535 inclusive.

There are three variations possible in FIFO mode waveform
generation:

e Continuous cyclic waveform generation—An onboard counter
(counter 1, 2, 3, or 5 of the Am9513 Counter/Timer) or an external
signal provides the update pulses. Once started, the waveform
generation continues until you call the clear function to stop the
waveform.

*  Programmed cyclic waveform generation—An onboard counter
(counter 1, 2, 3, or 5 of the Am9513 Counter/Timer) or an external
signal provides the update pulses. A separate onboard counter
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(counter 1, 2, or 5) terminates the waveform after a finite number
of cycles has been generated.

»  Pulsed waveform generation—An avail able onboard counter or an
external signal provides the update pulses. Counter 1 of the
Am9513 Counter/Timer counts the number of iterations to
generate before the delay phase. At the delay phase, counter 2 or
an external signal provides a delay period before the waveform is
restarted for the same number of iterations and delay again. Once
started, this sequence continues until you call the clear function to
stop the waveform.

Refer to your DAQ device manual for more information on waveform
generation.

Am9513-Based Device Digital I/0

The M10 devices contain eight bits of digital 1/0. These bits are
divided into a set of two digital 1/O ports of four bits each. The 4-bit
digital 1/0 ports are labeled as ports DIOA and DIOB. These ports are
referred to as ports 0 and 1 by the Digital 1/0 functions, in which:

e port DIOA = port 0
* port DIOB = port 1

Y ou can configure port 0 or 1 as either an input port or an output port.
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 M10 device digital 1/O ports
operate in nonlatched mode only.

Note: Connecting one or more AMUX-64T devices or an SCXI chassisto an
M1 O device renders port DIOA unavailable.

NI-DAQ also reserves line 0 of port DIOB for input from the SCXI
hardwareif you have SCXI configured. Theremaining lines of port DI OB
are available for input only.

In addition to the eight bits of digital 1/0 described above, the
AT-MIO-16D contains another 24 bits of digital 1/0. The additional 24
bits of digital I/0O are the same asthose of the DIO-24 device described
later in this chapter.
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For a description of the AT-MI10-16D digital 1/0, see The DIO-24,
AT-MI0O-16D, and AT-MIO-16DE-10 Digital I/O Devices section later
in this chapter.

E Series Digital 1/0

Note:

The E Series devices contain one 8-bit digital 1/0 port supplied by the
DAQ-STC chip. This port is referred to as port 0 by the Digital 1/0
functions.

Y ou 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.

Connecting one or more AMUX-64T devices or an SCXI chassisto an

E Series device rendersvarious lines of the digital 1/0O 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.
SCXl—LinesO0, 1, 2, and 4 are unavailable.

The remaining lines of the digital |/O port are available for input or
output. You shoulduseDl G _Li ne_Confi gtoconfiguretheseremaining

lines.

The AT-MIO-16DE-10 has one 8-bit line-configurable port named

port O that does not support handshaking or asynchronous operations.
The DAQ-STC chip suppliesthisport. The AT-MI0O-16DE-10 also has
three 8-bit ports named ports 2, 3, and 4 that do support handshaking
and asynchronous operations and are directionally configurable only
on a per-port basis. An 8255 chip supplies these three ports. The three
8255 ports are numbered 2, 3, and 4 for compatibility with the same
three ports on the AT-M10-16D, an older product. The following table
summarizes the four ports available on the AT-M10-16DE-10:

Port

Size

Configuration Type Supplied by

8-bit

Line configurable

Immediate

DAQ-STC chip

8-hit

Handshaking

Asynchronous or immediate | 8255 chip
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2-15

NI-DAQ User Manual for PC Compatibles



Chapter 2 Hardware Overview

Port Size Configuration Type Supplied by
3 8-hit Handshaking Asynchronous or immediate | 8255 chip
4 8-bit n‘a Immediate 8255 chip

For a description of the AT-MI10-16DE-10 digital 1/O, see The
DIO-24, AT-MIO-16D, and AT-MIO-16DE-10 Digital 1/0 Devices
section later in this chapter.

Am9513-Based Device Counter/Timer Operation

The M10 devices contain an onboard Am9513 System Timing
integrated circuit that has five independent 16-bit counter/timersand a
4-bit programmable frequency output. Figure 2-1 diagrams the 16-bit
counters available on the M10O devices.

—| SOURCE

Counter ouT —

—| GATE

Figure 2-1. Counter Block Diagram

Each counter has a SOURCE input, a GATE input, and an output
labeled OUT.

The counters can use several timebases for counting operations. A
counter can use the signal supplied at any of the Am9513 five
SOURCE or GATE inputs for counting operations. The Am9513 also
makes available five internal timebases that any counter can use:

e 1 MHzclock (1 psresolution)
e 100 kHz clock (10 ps resolution)
* 10 kHz clock (100 ps resolution)
e 1KkHzclock (1 ms resolution)
* 100 Hz clock (10 ms resolution)
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In addition, you can program the counter to use the output of the next
lower-order counter as a signal source. This arrangement is useful for
counter concatenation. For example, you can program counter 2 to
count the output of counter 1, thus creating a 32-bit counter.

Y ou can configure a counter to count either falling or rising edges of
the selected internal timebase, SOURCE input, GATE input, or the
next lower-order counter signal.

Y ou can use the counter GATE input to gate counting operations. After
you configure a counter through software for an operation, you can use
asignal at the GATE input to start and stop the counter operation.
There are eight gating modes available in the Am9513:

* No Gating—the counter is started and stopped by software.

« High-Level Gating—the counter is active when its gate input is at
high-logic state. The counter is suspended when its gate input is at
low-logic state.

* Low-Level Gating—the counter is active when its gate input is at
low-logic state. The counter is suspended when its gate input is at
high-logic state.

* Rising Edge Gating—the counter starts counting when it receives
alow-to-high edge at its gate input.

e Falling Edge Gating—the counter starts counting when it receives
a high-to-low edge at its gate input.

* High Terminal Count Gating—the counter is active when the next
lower-order counter reaches terminal count (TC) and generates a
TC pulse.

* High-Level Gate N+1 Gating—the counter is active when the gate
input of the next higher-order counter is at high-logic state.
Otherwise, the counter is suspended.

« High-Level Gate N-1 Gating—the counter is active when the gate
input of the next lower-order counter is at high-logic state.
Otherwise, the counter is suspended.

Counter operation starts and stops relative to the selected timebase.
When you configure a counter for no gating, the counter starts at the
first timebase/source edge (rising or falling, depending on the
selection) after the software configures the counter. When you
configure a counter for gating modes, gate signals take effect at the
next timebase/source edge. For example, if you configure a counter to
count rising edges and to use the falling edge gating mode, the counter
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starts counting on the next rising edge after it receives a high-to-low
edge on its GATE input. Thus, some time is spent synchronizing the
GATE input with the timebase/source. This synchronization time
creates atime lapse uncertainty from zero to one timebase period
between the application of the signal at the GATE input and the start
of the counter operation.

The counter generates timing signals at its OUT output. If the counter
iS not operating, you can set its output to one of three states—high-
impedance state, low-logic state, or high-logic state.

The counters generate two types of output signals during counter
operation: TC pulse output and TC toggled output. A counter reaches
TCwhenit counts up (to 65,535) or down (to 0) and rollsover. In many
counter applications, the counter reloadsfrom aninternal register when
it reaches TC. In TC pulse output mode, the counter generates a pulse
during the cycle in which it reaches TC. In TC toggled output mode,
the counter output changes state on the next source edge after reaching
TC. In addition, you can configure the counters for positive logic
output or negative (inverted) logic output. Figure 2-2 shows examples
of the four types of output signals generated.
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units = timebase period
Timebase _/
Starting
Signal /
positive / \
TC Toggle
Output negative \ /
positive
TC Pulse <L>| - 1 -
Output -
negative,
| A
I
0 < sync period < 1
Figure 2-2. MIO Device Counter Timing and Output Types
Figure 2-2 represents a counter generating a delayed pulse and
demonstrates the four forms the output pulse can take given the four
different types of output signals supported. The TC toggled positive
logic output looks like what would be expected when generating a
pulse. For most of the Counter/Timer functions, TC toggled output is
the preferred output configuration; however, the other signal types are
also available. The starting signal shown in Figure 2-2 represents
either a software starting of the counter, for the No-Gating mode, or
some sort of signal at the GATE input. The signal could be either a
rising edge gate or a high-level gate. If the signal is alow-level or
falling edge gate, the starting signal simply appears inverted. In
Figure 2-2, the counter is configured to count the rising edges of the
timebase; therefore, the starting signal takes effect on the rising edge
of the timebase, and the signal output changes state with respect to the
rising edge of the timebase.
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Programmable Frequency Output Operation

The Am9513-based devices have a 4-bit programmabl e frequency
output signal. This signal is a divided-down version of the selected
timebase. Any of fiveinternal timebases, counter SOURCE inputs, and
counter GATE inputs can be selected as the FOUT source. See the
CTR_FQUT_Conf i g function in Chapter 2, Function Reference, of
the NI-DAQ Function Reference Manual for PC Compatibles for
FOUT use and timing.

Am9513-Based Device Counter/Timer Usage
Note: This section does not apply to the E Series devices.

NI-DAQ uses the five counter/timers as follows:

e Counter 1isused for multiple-channel scanning with the
AMUX-64T or an SCXI chassis, and for waveform generation on
the AT-MI0O-16F-5, AT-MI0O-64F-5, and AT-MI0O-16X. Counter
1 is otherwise available for general-purpose counting functions.

e Counter 2 is used for multiple-channel interval scanning, and
waveform generation and later update mode. Y ou can reserve
counter 2 for Track*/Hold manipulation of the SCX1-1140.
Counter 2 is otherwise available for general-purpose counting
functions.

* Counter 3 isasample-interval counter always reserved for data
acquisition.

e Counter 4 isasample counter alwaysreserved for data acquisition.

e Counter 5isused for the data acquisition sample counter when the
number of samples exceeds 65,535, and for waveform generation
on AT-MIO-16F-5, AT-MI0-64F-5, and AT-M10-16X. Counter 5
is otherwise available for general-purpose counting functions.

Although counters 1, 2, and 5 are all mentioned as being used for
waveform generation on the AT-MI0O-16F-5, AT-MI0-64F-5, and
AT-MIO-16X, only one of these countersis used at atime. The choice
is based on availability, with counter 5 being the first choice, counter
2 second, and counter 1 |ast.

Some of the three available counter signals are connected to the I/0
connector and to the RTSI bus. Figure 2-3 shows the connections on an
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AT-MIO-16 or AT-MI0-16D, and Figure 2-4 shows the connections
on an AT-MI0O-16F-5, AT-MI0-64F-5, or AT-MI10-16X.

Am9513

GATE 1
SOURCE 1
OouT1

GATE 2
SOURCE 2
OouT 2

GATE 5

SOURCE 5
OouT5

FOUT

AA

I/O Connector

AA

Yyvy
RTSI Connector

y

O National Instruments Corporation

Figure 2-3. AT-MIO-16 and AT-MIO-16D Counter/Timer Signal Connections
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Figure 2-4. AT-MIO-16F-5, AT-MIO-64F-5, and AT-MIO-16X Counter/Timer Signal Connections

E Series Counter/Timer Operation
The E Series devices use the National Instruments DAQ-STC
counter/timer chip. The DAQ-STC has two 24-bit counter/timers that
are always available for general-purpose counter/timer applications.
Refer to the GPCTR functionsin Chapter 2, Function Reference, of the
NI-DAQ Function Reference Manual for PC Compatibles for more
information.
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E Series Programmable Frequency Output
Operation

The E Series devices have one /O connector pin (FREQ_OUT)
capable of outputting a programmable frequency signal. Thissignal is
a divided-down version of the selected timebase. Available timebases
are 10 MHz and 100 kHz, and you can divide them by numbers 1
through 16.

E Series PFI Pins

The PFI pins on the E Series devices allow you to programmatically
route internal device signals to and from the 1/O connector. Refer to
your E Series device user manual for acomplete discussion of PFI pins.

The Lab-PC+, SCXI-1200, DAQPad-1200, and
DAQCard-1200 Multifunction I/O Devices

Gy Note: The Lab-PC+, SCXI-1200, DAQPad-1200, and DAQCard-1200 are very
similar in function and arereferred to ONLY in this section as Lab boards.
Where specific differences occur, the product names will be used.

Lab Board Analog Input
The Lab boards contain eight single-ended analog input channels
numbered O through 7. The analog input channels are multiplexed into
a single programmable gain stage and 12-bit ADC. The Lab boards
have gains of 1, 2, 5, 10, 20, 50, and 100.

Y ou can configure the input channels to be differential or
nonreferenced single ended. In differential mode, four channels are
available, namely, 0, 2, 4, and 6. Configure the mode via jumper W4
on the Lab-PC+. The SCX1-1200, DAQPad-1200, and DAQCard-1200
support software configuration of the input mode.

Y ou can hardware jumper-configure analog input on the Lab-PC+ and
software configure analog input on the SCX1-1200, DA QPad-1200,
and DAQCard-1200 for two different input ranges:

* 0to+10V (unipolar)
e -5to+5V (bipolar)
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You can initiate A/D conversions through software or by applying
active low pulses to the EXTCONV* input on the Lab board I/0
connector. Each of the Lab boards has a FIFO on the device in which
to temporarily store the results of A/D conversions. The FIFO size
differs as follows:

Device FIFO Size (in words)
Lab-PC+ 256
SCX1-1200 2,048
DAQPad-1200 2,048
DAQCard-1200 2,048

Lab Board Data Acquisition

The Lab boards can perform single-channel data acquisition and
multiple-channel scanned data acquisition. For single-channel data
acquisition, you select a single analog input channel and gain setting.
The board performs a single A/D conversion on that channel every
sample interval.

For multiple-channel scanned data acquisition, the Lab boards scan a
sequence of analog input channels. A single gain setting is used for all
channels scanned. A sample interval indicates the time to elapse
between A/D conversions on each channel in the sequence. Y ou need
only to select a single starting channel to select the sequence of
channels to scan. The board then scans the channels in consecutive
order until channel 0 isreached, and then the scan begins anew with the
starting channel. For example, if the starting channel is channel 3, the
scan sequence is as follows:

channel 3, channel 2, channel 1, channel 0, channel 3, and so on

The Lab boards support interval scanning. A scan interval isthe time
that elapses between two channel-scanning cycles.

Y ou can combine both the single-channel and multiple-channel
acquisitions with any of the following additional modes:;

e Posttrigger mode

*  Pretrigger mode
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* Double-buffered mode
e SCXI mode (Lab-PC+, SCXI1-1200, and DAQCard-1200 only)

Posttrigger mode collects a specified number of samples after the
board receives atrigger. Y ou can initiate posttrigger acquisition
through software or when a pulse edge is applied to the Lab board
EXTTRIG input. After the user-specified buffer has been filled, the
data acquisition stops.

Pretrigger mode collects data both before and after the board receives
atrigger. You can initiate data acquisition through software. The Lab
board collects samples and fills the user-specified buffer without
stopping or counting samples until the board receives a pulse at the
EXTTRIG input. The Lab board then collects a specified number of
samples and stops the acquisition. The buffer is treated as a circular
buffer—when the entire buffer has been written to, datais 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.

Because there is only one EXTTRIG input on the Lab board 1/0
connector, a single acquisition cannot employ both of these trigger
modes.

Double-buffered mode, like pretrigger mode, also fills the user-
specified buffer continuously. Unlike pretrigger mode, however,
double-buffered mode transfers old data into a second buffer before
overwriting the old data with new data. Data is transferred out of one
half of the buffer while the other half isbeing filled with new data. Y ou
can use double-buffered mode in conjunction with either pretrigger or
posttrigger modes.

Y ou can use SCXI| modules as a data acquisition front end for the
Lab-PC+, SCX1-1200, and DAQCard-1200 to signal condition the
input signals and multiplex the channels. Y ou 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 SCX1-1120 or SCXI-1121 modulesin
Parallel mode. The SCXI Hardware section later in this chapter
describes how the SCXI functions are used to set up the SCXI modules
for a data acquisition to be performed by a DAQ device.
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Note: Refer to the Set _DAQ Devi ce_I nf o function in Chapter 2, Function
Reference, of the NI-DAQ Function Reference Manual for PC Compatibles,
for information on data transfer modes.

Lab Board Data Acquisition Timing

Timing for data acquisition can be performed by the two onboard 8253
Counters/Timers or externally. Each 8253 Counter/Timer has three
independent 16-bit counters/timers.

Counter A0 is asample-interval counter reserved for data
acquisition.

Counter Al is asample counter reserved for data acquisition.

Counter A2 is an update-interval counter reserved for waveform
generation.

Counter BO is used for extending the timebase for data acquisition
or waveform generation when the interval between samples or
updates is greater than 65,535.

Counter B1 is available for general-purpose counting functions.
However, it is reserved during data acquisition interval scanning.

Counter B2 is available for general-purpose counting functions.

Data acquisition timing involves the following timing signals:

A start trigger is an edge-triggered signal that initiates a data
acquisition sequence. Y ou can supply atrigger pulse either
externally through the 1/0O connector EXTTRIG input or from
software control. Y ou can enable a hardware start trigger by
calling DAQ Confi g.

A conversion pulseisasignal that generates 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 8253 Counter/Timer on the Lab
board, or can be supplied externally through the 1/0O connector
EXTCONV* input. You can select external conversion pulses by
calling DAQ Conf i g. If you do not want to use external
conversion pulses, you should disconnect the EXTCONV* pin on
the 1/0 connector to prevent extra conversions.

A scan-interval pulseisasignal that generates a pulse every scan.
Thescan clock for interval scanning pulses can be generated by the
onboard, programmable scan-interval counter, or can be supplied
through the OUTB1 pin on the I/O connector.
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* A sample counter is used when conversion pulses are generated
either by the onboard sample-interval counter or externally. The
sample counter tallies the number of A/D conversions (samples)
and shuts down the data acquisition timing circuitry when the
board has acquired the desired number of samples.

e A stoptrigger isasignal used for pretriggered data acquisition to
notify the Lab board to stop acquiring data after a specified
number of samples. Until you apply the stop trigger pulse at the
EXTTRIG input, a data acquisition operation remainsin a
continuous acquisition mode, indefinitely writing and rewriting
data to the buffer. Y ou can select pretriggering by calling
DAQ St opTri gger _Config.

e A timebase clock isaclock signal that is the timebase for the
sample-interval or scan-interval counter. Counter BO is used to
provide the timebase clock when the interval between samples or
updates is greater than 65,535 us. The timebase for sample and
scan interval is the same.

See the Lab-PC+ User Manual, SCXI-1200 User Manual,
DAQPad-1200 User Manual, or DAQCard-1200 User Manual for
more information regarding these signals.

Lab Board Data Acquisition Rates

The maximum recommended data acquisition rates with the Lab
boards and the recommended values for settling time versus gain are
shown in Table 2-2. The required settling time depends on the gain
setting used for each channel. Also, this settling time limits data
acquisition rates.

Table 2-2.  Typical Settling Accuracies for Maximum Multiple-Channel
Scanning Rates for the Lab Boards

Gain Maximum Acquisition Settling
Rate Time
1,2,5,10, 20,50 62.5 kS/s 16 ps
100 20 kS/s 50 ps

For the Lab boards, the settling accuracy is always +0.5 LSB.
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If you are using SCX| with your Lab board, refer to the SCXI Data
Acquisition Rates section in Chapter 3, Software Overview, for the
effect of SCX1 module settling time on your DAQ device rates.

Lab Board Analog Output

The Lab board contains two anal og output channels numbered 0 and 1.
Each analog output channel contains a 12-bit DAC. The DACs are
double buffered, which facilitates accurate waveform generation via
the delayed update mode. Y ou can hardware jumper configure each
analog output channel for unipolar or bipolar voltage output on the
Lab-PC+. Y ou can software configure each analog output channel on
the SCX1-1200, DAQPad-1200, and DAQCard-1200. An onboard
voltage reference of +5 V is provided for the analog output channels.

Lab Board Waveform Generation

The Waveform Generation functions can continuously write values to
either one or both analog output channels using an onboard or external

clock to update the DACsat regular intervals. The values are contained
in abuffer that you allocate and fill. The resultant voltages produced at
the anal og output channels depend on the value of the integer numbers
in the buffer, thelevel of the reference voltage, and the polarity setting.

Lab Board Digital I/0
The Lab board contains 24 bits of digital I/0O. These bits are divided
into a set of three digital 1/O ports of eight bits each. The Intel 8255A
Parallel Peripheral Interface chip controlsdigital I/O on the Lab board.
The digital 1/O ports are labeled as ports PA, PB, and PC on the I/O
connectors, as shown in your Lab board user manual.

Y ou can configure all three ports as either input ports or output ports.
These ports are referred to as ports 0, 1, and 2 for the Digital 1/0
functions, in which:

* port PA =port0

e port PB = port 1

e port PC = port 2

Ports 0 and 1 support both latched (handshaking) and nonlatched (no-
handshaking) modes. Port 2 supports 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;
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therefore, port 2 is not available for Digital 1/0 functions whenever
either port 0 or port 1 is configured for latched mode.

Using an SCXI chassis with a Lab-PC+, SCX1-1200, or
DAQCard-1200 renders port PB unavailable. NI-DAQ also reserves
line O of port PC for input from the SCXI| hardware if you have SCXI
configured. The remaining lines of port PC are available for input only.

Lab Board Groups

Y ou can group any combination of ports 0 and 1 on the Lab board
together to make up larger ports.

Lab Board Interval Counter/Timer Operation
Figure 2-5 diagrams the 16-bit counters available on the Lab board.

—| CLOCK

Counter ouT —

—| GATE

Figure 2-5. Interval Counter Block Diagram

Each counter has a clock input, a gate input, and an output. Y ou can
use acounter to count the falling edges of the signal applied to the CLK
input. The Lab board uses the counter gate input to gate counting
operations. Refer to the counter data sheet included in your device user
manual to see how the gate inputs affect the counting operation in
different counting modes.

Lab Board Counter/Timers

The Lab board contains two onboard 8253 Programmabl e Interval

Timer chipsthat have three independent 16-bit counter/timers. One of
these chips, the 8253-A, isreserved for data acquisition and waveform
generation operations. Y ou can use the three counters on the other chip,
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the 8253-B, for counting/timing operations. NI-DAQ uses the three
counter/timers from the 8253-B as follows:

*  Counter 0 isused for extending the timebase for data acquisition
or waveform generation when the interval between samples or
updates is greater than 65,535 ps.

e Counter 1 can be reserved for data acquisition using interval
scanning on all Lab boards or Track*/Hold manipulation for the
SCX1-1140 with the Lab-PC+, SCX1-1200, and DAQCard-1200.
Counter 1 is otherwise available for counting/timing operations.

* Counter 2 is adways available.

Figure 2-6 showsthe connections of the 8253-B Counter/Timer signals
to the Lab board 1/0 connector.

OUTBL —» §

................................ 2

ouTBO | 3

—»|CLKBO GATBO |<— o

8253 Counter/Timer
Group B

2 MHz
Source

N

Figure 2-6. Lab Board Counter/Timer Signal Connections
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Each counter has a clock input, a gate input, and an output labeled
CLK, GAT, and OUT, respectively. The CLK pin for counters B1 and
B2 and the GATE and OUT pinsfor counter BO, B1, and B2 are on the
Lab board 1/0 connector.

SCXI-1200, DAQPad-1200, and DAQCard-1200 Performance

Note:

All 1/O operations for the SCX1-1200, DAQPad-1200, and
DAQCard-1200 are interrupt driven.

Because the SCXI-1200 and DAQPad-1200 communicate with the PC via
the parallel port, your acquisition gates will be limited by the type of
parallel port you havein your system (either a standard Centronics port or
an Enhanced parallel port). Because both devices have a 2,048 word deep
FIFO, you can acquire bursts of less than 2,048 samples at maximum
speed.

Aswith all interrupt-driven operations, you can exceed the ability of
your system to handle the interrupt traffic if you increase your analog
input sampling rate or analog output update rate beyond your system’s
capability. To determine the limits of your system, you can start at
lower rates and gradually increase them until your computer begins to
appear sluggish.

DAQPad-1200 Printing

The DAQPad-1200 is equipped with a pass-through parallel port for
connection to a printer. To print with this configuration, the
DAQPad-1200 must bein anidle state. The DAQPad-1200isidle when
it is not generating any interrupts. In other words, do not initiate an
asynchronous analog 1/0 or digital 1/0 operation and try to print while
these operations are ongoing.

SCXI-1200, DAQPad-1200, and DAQCard-1200 Calibration

O National Instruments Corporation 2-31

The SCX1-1200, DAQPad-1200, and DAQCard-1200 are shipped with
factory-calibration coefficients stored in an EEPROM. If you want to
recalibrate either unit, use the Cal i br at e_1200 function.
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The PC-LPM-16 Multifunction 1/0 Board

PC-LPM-16 Analog Input

The PC-LPM-16 contains 16 multiplexed, single-ended analog input
channels numbered 0 through 15. The analog input channels are driven
into a 12-bit, self-calibrating ADC. The PC-LPM-16 has no gains on
the analog input.

Y ou can hardware jumper configure analog input on the PC-LPM-16
for four different input ranges:

e 0to+5V (unipolar)

e 0to+10V (unipolar)

e -25t0+2.5V (bipolar)
e -5to+5V (bipolar)

You can initiate A/D conversions through software or by applying
active low pulses to the EXTCONV* input on the PC-LPM-16 |/O
connector. A 16-word-deep FIFO memory on the board stores up to
16 A/D conversion results.

PC-LPM-16 Data Acquisition

The PC-LPM-16 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 board
performs asingle A/D conversion on that channel every sample
interval.

For multiple-channel scanned data acquisition, the PC-LPM-16 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. Y ou only need to select asingle starting channel to select the
sequence of channels to scan. The board then scans the channelsin
consecutive order until channel 0 is reached and the scan begins anew
with the starting channel. If the starting channel is channel 3, for
example, the scan sequenceis as follows:

channel 3, channel 2, channel 1, channel 0, channel 3, and so on

Y ou 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 call the DAQ DB _Tr ansf er
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to transfer old datainto a second buffer before overwriting the old data
with new data. NI-DAQ transfers data out of one half of the buffer
while filling the other half with new data.

Y ou can use SCXI| modules as a data acquisition front end for the
PC-LPM-16 to signal condition the input signals and multiplex the
channels. Y ou 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 SCX1-1120 or
SCX1-1121 modules in Parallel mode. The SCXI Hardware section
later in this chapter describes how the SCXI functions are used to set
up the SCX I modules for adata acquisition to be performed by a DAQ
board.

PC-LPM-16 Data Acquisition Timing

Timing for data acquisition can be performed by the onboard
MSM82C53 counter/timer or externally. The MSM82C53
Counter/Timer hasthreeindependent 16-bit counters/timers, which are
assigned as follows:

e Counter 0 isasample-interval counter for data acquisition that is
available if no data acquisition isin progress.

* Counter 1is 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 pulseisasignal that generates a pulse once every
sample interval, causing the board to initiate an A/D conversion.
This signal can be generated by the onboard, programmable
sample-interval clock supplied by the MSM82C53 Counter/Timer
on the PC-LPM-16, or can be supplied externally through the 1/O
connector EXTCONV* input. Y ou can select external conversion
pulsesby calling DAQ_Conf i g. If you do nhot want to use external
conversion pulses, you should disconnect the EXTCONV* pin on
the 1/0 connector to prevent extra conversions.

« A timebase clock is aclock signal that is the timebase for the
sample-interval counter. Counter O of the MSM82C53 uses a
1 MHz clock as its timebase.

See the PC-LPM-16 User Manual for more information regarding
these signals.
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PC-LPM-16 Data Acquisition Rates
Table 2-3 shows the maximum recommended data acquisition ratesfor

the PC-LPM-16.

Table 2-3.  Maximum Recommended Data Acquisition Rates for the PC-LPM-16

Sample Mode Maximum Acquisition Rate | Sample Interval
Single-channel scan 50 kS/s 20 us
Multiple-channel scan 50 kS/s 20 ps
(except 0to 10 V input range)

Multiple-channel scan 50 kS/s (typical) 20 us
(0to 10V input range) 45 kS/s (worst case) 22 us

If you are using SCXI with your DAQ device, refer to the SCXI Data
Acquisition Rates section in Chapter 3, Software Overview, for the
effect of SCXI module settling time on your DAQ device rates.

PC-LPM-16 Digital 1/0

The PC-LPM-16 board contains one 8-bit digital input port and one
8-bit digital output port. The digital I/O ports are labeled DIN and
DOUT on the I/O connector, as shown in the PC-LPM-16 User
Manual. The ports are referred to as ports 0 and 1 for the Digital 1/0
functions, in which:

e DOUT =port 0
e DIN=portl
Y ou can program ports 0 and 1 for nonlatched (no-handshaking) mode

only. You can use port O for nonlatched digital output mode. Y ou can
use port 1 for nonlatched digital input mode.

Using an SCXI chassis with a PC-LPM-16 renderslines 4, 5, 6, and 7
of port 0 and line 6 of port 1 unavailable.

PC-LPM-16 Interval Counter/Timer Operation

The PC-LPM-16 interval counter/timer operation isthe same asfor the
Lab-PC+, except that the PC-LPM-16 has asingle counter. Refer to the
Lab Board Interval Counter/Timer Operation section earlier in this
chapter for detailed information.
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PC-LPM-16 Counter/Timers

The PC-LPM-16 contains an onboard MSM82C53 Programmable
Interval Timer chip that has three independent 16-bit counter/timers.
NI-DAQ uses the three counter/timers from the 82C53 as follows:

e Counter 0isused for data acquisition operations.
* Counter 1isavailable for counting/timing operations.

*  Counter 2 can be reserved for Track*/Hold manipulation for the
SCXI1-1140, and is otherwise available for counting/timing
operations.

Figure 2-7 shows the connections of the MSM82C53 Counter/Timer
signals to the PC-LPM-16 1/O connector.

CLK1 4—%
GATEl |€¢——- 2
................................ c
@]
ouUTo p——»| O
—»|CLKO GATE0 |€¢— Q2
MSM82C53
Counter/Time
1 MHz
Source

NS

Figure 2-7. PC-LPM-16 Counter/Timer Signal Connections

The counter hasaclock input, agate input, and an output labeled CLK,
GATE, and OUT, respectively. The CLK pin for counters 1 and 2 and
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the GATE and OUT pins for counters 1, 2, and 3 are available on the
PC-LPM-16 1/0O connector. Theinverted OUT1 signal isalso available
on the I/O connector.

The DAQCard-500 and DAQCard-700 Multifunction 1/0
Devices

DAQCard-500 and DAQCard-700 Analog Input
The DAQCard-500 provides 8 multiplexed, single-ended anal og input
channels. The DAQCard-700 provides 16 multiplexed, single-ended or
eight multiplexed 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.

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

e -25t0+25V
e -5to+5V
e -10to+10V

Y ou 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.

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 asingle A/D conversion on that channel
every sampleinterval.

For multiple-channel scanned data acquisition, the device scans a
sequence of analog input channels. A sampleinterval indicatesthetime
to elapse between A/D conversions on each channel in the sequence.
Y ou need only to select a single starting channel to select the sequence
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of channels to scan. The device then scans the channelsin consecutive
order until channel 0 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 0, channel 3, and so on

Y ou 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 call the DAQ _DB_Tr ansf er
to transfer old datainto a second buffer before overwriting the old data
with new data. NI-DAQ transfers data out of one half of the buffer
while filling the other half with new data.

Y ou can use SCXI| modules as a data acquisition front end for the
DAQCard-700 to signal condition the input signals and multiplex the
channels. Y ou 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 SCX1-1120 or
SCX1-1121 modules in Parallel mode. The SCXI Hardware section
later in this chapter describes how the SCXI functions are used to set
up the SCXI1 modules for adata acquisition to be performed by aDAQ
device.

Y ou 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 MSM82C53
Counter/Timer hasthreeindependent 16-bit counters/timers, which are
assigned as follows:

e Counter 0 isasample-interval counter for data acquisition that is
available if no data acquisition isin progress.

* Counter 1is 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 pulseisasignal 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 M SM82C53 Counter/Timer,
or can be supplied externally through the 1/0O connector
EXTCONV* input. You can select external conversion pulses by
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calling DAQ_Conf i g. If you do not want to use external
conversion pulses, you should disconnect the EXTCONV* pin on
the 1/0 connector to prevent extra conversions.

* Atimebase clockisaclock signal that isthetimebase for the 8254
sample-interval counter. Counter 0 of the MSM82C53 usesa 1
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 Digital 1/0
The DAQCard-500 has one 4-hit digital input port and one 4-bit digital
output port. The DAQCard-700 contains one 8-bit digital input port
and one 8-bit digital output port. The digital 1/0O 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:

e DOUT =port 0
e DIN=portl

Y ou can program ports 0 and 1 for nonlatched (no-handshaking) mode
only. You can use port 0 for nonlatched digital output mode. Y ou can
use port 1 for nonlatched digital input mode.

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.

DAQCard-500 and DAQCard-700 Interval Counter/Timer Operation

The DAQCard-500 and DAQCard-700 interval counter/timer
operation is the same as for the Lab-PC+, except that the
DAQCard-500 and DAQCard-700 has a single counter chip. Refer to
the Lab Board Interval Counter/Timer Operation section earlier in this
chapter for detailed information.

DAQCard-500 and DAQCard-700 Counter/Timers

The DAQCard-500 and DAQCard-700 contain an onboard
MSM82C53 Programmable Interval Timer chip that has three
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independent 16-bit counter/timers. NI-DAQ uses the three
counter/timers from the 82C53 as follows:

e Counter 0 isused for data acquisition operations.
* Counter 1 isavailable for counting/timing operations.

*  Counter 2 can be reserved for Track*/Hold manipulation for the
SCX1-1140 (with the DAQCard-700 only), and is otherwise
available for counting/timing operations.

Figure 2-8 shows the connections of the MSM82C53 Counter/Timer
signals to the DAQCard-500 and DAQCard-700 1/O connector.

CLKl |+——— 8

GATEl |€4— ¢

................................ c
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—»|CLKO GATE0 |€¢— Q2
MSM82C53

Counter/Timer

1-MHz
Source

S

Figure 2-8. DAQCard-500 and DAQCard-700 Counter/Timer Signal Connections

Note: Theinverted OUT1 signal is NOT available only on the DAQCard-500.

The counter has aclock input, agate input, and an output labeled CLK,
GATE, and OUT, respectively. The CLK pin for counters 1 and 2 and
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the GATE and OUT pins for counters 1, 2, and 3 are available on the
device 1/O connector. The inverted OUT1 signal is also available on
the DAQCard-700 I/O connector.

The AT-AO-6/10 Analog Output Boards

AT-A0-6/10 Analog Output

The AT-AO-6 and AT-AO-10 contain six or 10 analog output
channels, respectively. Each analog output channel contains a 12-bit
DAC. The DACs are double buffered, which facilitates accurate
waveform generation via the delayed update mode. Y ou can hardware
jumper configure each analog output channel for unipolar or bipolar
voltage output. An onboard voltage of +10 V or an externally
connected voltage signal isavailable for anal og output channel pairsas
avoltage reference. Thereis a4 to 20 mA current output associated
with each analog output channel. Y ou control the current output by
writing voltages to the DACswith AO Witeor AO VWit e. See
the AT-AO-6/10 User Manual for the voltage/current relationship.

AT-A0-6/10 Waveform Generation

The Waveform Generation functions can continuously write values to
any number of analog output channels using an onboard or external
clock to update the DACs at regular intervals. You can assign output
channels to one of two groups. Each group has its own dedicated
update clock. The values written to the DACs are contained in a buffer
that you allocate and fill. The resultant voltages produced at the analog
output channels depend on the value of the integer numbersin the
buffer, the level of the reference voltage, and the polarity setting.

Waveform Generation Using Onboard Memory

The AT-A0O-6/10 supports FIFO mode waveform generation. In this
mode, the board transfers the values for one cycle of waveform to
onboard DAC FIFO memory only once. Then the board cyclesthrough
these values to generate continuous waveform. Thus, no interrupt
service or DMA operation isrequired to transfer more datato the FIFO.

The following conditions must be satisfied to use FIFO mode
waveform generation:

e The waveform buffer fitsin the DAC FIFO.
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» Double-buffered waveform generation mode is disabled.
e The number of iterationsis equal to 0.

Notice that this mode is available for group 1 only.

Hardware Restrictions for the AT-AO-6/10
The following hardware restriction applies to the AT-AO-6/10:

* You cannot split channel pairs between groups (channel pairs are
Oand 1, 2 and 3, 4 and 5, and so on). For example, you can assign
channel 4 alone to group 1, but you cannot then assign channel 5
to group 2.

AT-AO-6 group 1 assignments are as follows:

e 0ton, wheren <5 and the channel list is consecutive, or any one
channel.

e Usesinterrupts’DMA with FIFO.

e Interrupt when the FIFO is half full; thus, group 1 will be faster
than group 2, even when interrupts are used for both.

* If morethan one channel isin the channel list, then channel 0 must
be the first channel in that list.

AT-AO-6 group 2 assignments are as follows:

* channels 0 or 1 cannot be in group 2.

e Usesinterruptsonly.

AT-AO-10 group assignments are as follows:
e All rules of assignment for the AT-AO-6 apply to the AT-AO-10.

e 0ton, wheren < 9 and the channel list is consecutive, or any one
channel.

» If exactly one channel is assigned to group 1, it cannot be channel
8or9.

AT-A0-6/10 Digital 1/0

The AT-AO-6/10 contains eight bits of digital 1/0. These bits are
divided into a set of two digital 1/0 ports of four bits each. The 4-bit

O National Instruments Corporation 2-41 NI-DAQ User Manual for PC Compatibles



Chapter 2 Hardware Overview

digital 1/0 ports are labeled as ports DIOA and DIOB. These ports are
referred to as ports 0 and 1 by the Digital 1/0 functions, in which:

e port DIOA = port 0
e port DIOB = port 1

Y ou can configure port 0 or 1 as either an input or an output port. Any
port that you 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). The AT-AO-6/10 digital 1/0 ports operate
in nonlatched mode only.

The EISA-A2000 Analog Input Board

EISA-A2000 Analog Input

The EISA-A2000 contains four simultaneously sampled, single-ended
analog input channels numbered 0 through 3. Each analog input
channel has a sample-and-hold circuit. The EISA-A2000 samples one,
two, or four input channels simultaneously. The board multiplexes
these input channels into a single unity gain stage followed by a1 us
conversion time, 12-bit resolution ADC, which reads and converts each
selected channel in turn.

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

You can initiate A/D conversions through software or by applying
active-low pulses to the SAMPCLK* input on the EISA-A2000 I/O
connector or active high pulses to the CLOCKI RTSI bus input. The
512-word-deep FIFO memory on the board stores up to 512 A/D
conversion results.

The channels that you can select are as follows:
*  One channel—channel 0, 1, 2, or 3

*  Two channels—channels 0 and 1, or 2 and 3
e Four channels—channels 0 through 3

The EISA-A2000 operates exactly the same way whether one or many
channels are sampled.
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EISA-A2000 Data Acquisition

The EISA-A2000 operates in several trigger modes for data
acquisition—pretrigger mode, posttrigger mode, or posttrigger mode
with delay. In pretrigger mode, the EISA-A2000 acquires a
programmed number of samples both before and after the board
receives atrigger. In posttrigger mode, the board acquires a
programmed number of samples after the trigger. In posttrigger mode
with delay, the EISA-A2000 waits to acquire samples until a
programmed time interval has elapsed after the board receives the
trigger.

The EISA-A2000 hastwo main trigger sources—analog or digital. The
board can receive the anal og trigger from any one of theinput channels
or the ATRIG input on the I/O connector. Analog trigger circuitry
causes a trigger when the selected input channels reach a
preprogrammed slope and level. The board can receive arising or
falling edge digital trigger from the DTRIG 1/O connector input.
Alternatively, the board can receive digital triggers over the RTSI bus.
After you configure the board to acquire samples, the EI SA-A2000 can
trigger and acquire data each time the board receives atrigger without
being stopped or reprogrammed. This is called multiple-frame data
acquisition, in which a frame is the data acquired with each trigger.

You cannot use SCXI| with the El SA-A2000.

EISA-A2000 Data Acquisition Timing

Timing for data acquisition is performed by the onboard Am9513
Counter/Timer or by the external sample clock, SAMPCLK* onthel/O
connector or CLOCKI on the RTSI bus. Data acquisition timing
involves the following timing signals and counters:

» Thetrigger isasignal that the EISA-A2000 that generates locally
or receivesfrom the SAMPLCLK* 1/O connector input or from the
RTSI bus. This signal determines when posttrigger sampling
begins.

e Thesample clock isasignal that the EISA-A2000 generates
locally or receives from the SAMPLCLK* /O connector input or
from the RTSI bus.

* Thesampleinterval counter isan EISA-A2000 counter that
generates the onboard sample clock.
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* The sample counter isthe EISA-A2000 counter that counts
posttrigger scans (multiple-channel samples) and stops acquisition
when the board has acquired the programmed number.

» Thedelay counter isthe EISA-A2000 counter that counts the
specified time delay after the trigger and then starts posttrigger
acquisition when time expires.

e Thetimebaseisthe 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, you can supply
external timebase clocks through the RTSI switch signals
SOURCE2 and GATE2.

Theboard can receive additional timing signalsfrom the RTSI bus. See
the EI SA-A2000 User Manual for more information regarding these
signals.

EISA-A2000 Data Acquisition Rates

The maximum data acquisition rate for the EISA-A2000 is

1 ps/channel; in other words, 1 us, 2 us, or 4 ps for one, two, or four
channels, respectively (see Table 2-4). Converting at arate faster than
the maximum data acquisition rate causes the board to miss points, and
the data returned is an inaccurate representation of the sighal being
measured. In Windows 3.1, your maximum rate may be lower due to
greater interrupt latencies and more memory fragmentation in this
environment. Setting NI DirectDM AProgramming to yesin the
Windows SYSTEM | NI file increases your maximum rate.

Table 2-4.  Maximum EISA-A2000 Data Acquisition Rates

Number of Channels | Maximum Data Acquisition Rate
1 1us(1MSls)
2 2 s (500 kS/s)
4 4 ps (250 kS/s)

EISA-A2000 Counter/Timer Operation

The EISA-A2000 counter/timer operation is the same as for the
MIO-16. Refer to Am9513-Based Device Counter/Timer Operation
earlier in this chapter for detailed information.
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EISA-A2000 Counter/Timers

The EISA-A2000 has one unused 16-bit counter/timer from the
onboard Am9513 System Timing chip. Thiscounter, counter 2, ismade
available for general use viathe RTSI bus. See The RTS Bus Trigger
Functions section of Chapter 3, Software Overview, for more
information. The five counter/timers are used in NI-DAQ as follows:

Counter lisalwaysreserved for pretrigger hold off and posttrigger
delay.

Counter 2 is available for general-purpose counting functions.
Counter 3isascan-interval counter that isalwaysreserved for data
acquisition.

Counter 4 is a sample counter that is always reserved for data
acquisition.

Counter 5 is a sample counter that is always reserved for data
acquisition.

The GATE2, SOURCEZ2, and OUT2 signals are connected to the RTSI
bus via the onboard RTSI switch as shown in Figure 2-9.

Am9513A

GATE2 |-
SOURCE2 |-

RTSI Bus

OuUT2 .

O National Instruments Corporation

Figure 2-9. EISA-A2000 Counter/Timer Signal Connections
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The AT-A2150 Audio Input Board

There are two versions of the AT-A2150—the AT-A2150C and the
AT-A2150S. Each version has a different set of sampling frequencies.
However, they are software compatible and can be programmed the
same way using NI-DAQ function calls. AT-A2150 refers to both
versions unless otherwise specified.

AT-A2150 Analog Input

The AT-A2150 has four simultaneously sampled, single-ended analog
input channels. Oversampling delta-sigma modulating ADCs produce
16-bit resolution readings.

The signal range of each analog input channel is +2.828 V when you
select DC coupling, and £2.828 V AC with amaximum input voltage of
+10 VDC when you select AC coupling.

The AT-A2150 continuously samplesand produces 16-bit results at the
current sampling rate. Reading(s) returned by the MAI _Read function
are the most recently acquired sample(s).

Although you can synchronize an AT-A2150 to use the timing signals
of another AT-A2150, other external clock signals are not supported.
To synchronize multiple AT-A2150s, refer to The RTS Bus Trigger
Functions section of Chapter 3, Software Overview.

AT-A2150 Data Acquisition

The AT-A2150 has four simultaneously sampled, single-ended analog
input channels (ACH) numbered 0 through 3. The combination of
channels that you can select are as follows:

e Onechannel—ACHO, ACH1, ACH2, or ACH3

¢ Two channels—ACHO and ACH1, or ACH2 and ACH3

e Four channels—ACHO, ACH1, ACH2, and ACH3

The signal range of each analog input channel is +2.828 V when you

select DC coupling, and £2.828 V DC with a maximum input voltage of
+20 V when you select AC coupling.

The AT-A2150 can operatein several trigger modes—pretrigger mode,
posttrigger mode, posttrigger mode with delay, or software posttrigger
mode. In pretrigger mode, the AT-A2150 acquires a programmed
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number of samples both before and after the board receives atrigger.
In posttrigger mode, the AT-A 2150 acquires a programmed number of
samples after the trigger. In posttrigger mode with delay, the
AT-A2150 waits a specified amount of time after the trigger before
acquiring data. The software posttrigger mode is a special case of the
posttrigger mode in which the software acts asthe trigger and the board
acquires dataimmediately following the MDAQ_St art call.

There are two hardware trigger sources—analog or digital. The board
can receive the analog trigger from any one of the input channels.
Analog trigger circuitry causes a trigger when the selected input
channel reaches a specified slope and level. To eliminate false
triggering due to noise in the analog trigger signal, use

Tri gger W ndow_Confi g to specify a hysteresis window. If you
want adigital trigger, you can apply thetrigger to thedigital trigger 1/0
connector. When using a digital trigger, notice that the first sample
after the trigger does not appear in the A/D FIFO (also the acquisition
buffer) until 34 or 35 samples (depending on the time of the trigger)
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. This behavior is afeature of the digital anti-
aliasing filter. Alternatively, the board can receive digital triggers over
the RTSI bus. After you have configured the board to acquire samples,
the AT-A2150 can trigger and acquire data each time the board
receives a trigger without being stopped or reprogrammed. Thisis
called multiple-frame data acquisition, in which aframe is the data
acquired with each trigger.

The AT-DSP2200 Digital Signal Processing Board

AT-DSP2200 Analog Input

The AT-DSP2200 has two simultaneously sampled, single-ended
analog input channels. Oversampling delta-sigma modulating ADCs
produce 16-bit resolution readings.

The signal range of each analog input channel is+2.828 V when you
select DC coupling, and +2.828 V AC with amaximum input voltage of
+10 VDC when you select AC coupling.
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The AT-DSP2200 continuously samples and produces 16-bit results at
the current sampling rate. Reading(s) returned by the MAI _Read
function are the most recently acquired sample(s).

Although you can synchronize an AT-DSP2200 to use the timing
signals of another AT-DSP2200 or AT-A2150, other external clock
signals are not supported. To synchronize multiple boards, refer to The
RTS Bus Trigger Functions section of Chapter 3, Software Overview.

AT-DSP2200 Data Acquisition

The AT-DSP2200 has two simultaneously sampled, single-ended
analog input channels (ACH) numbered 0 and 1. The combination of
channels that you can select are as follows:

¢ One channel—ACHO or ACH1
e Two channels—ACHO and ACH1

Use the MAI and MDAQfunctions to acquire analog input data with the
AT-DSP2200. Y ou can use the DSP2200_Conf i g function (see
Chapter 2, Function Reference, of the NI-DAQ Function Reference
Manual for PC Compatibles) to enable on-the-fly, floating-point
conversion and demultiplexing. Y ou can allocate data buffers on the
AT-DSP2200 itself by using the NI _DAQ_Mem Al | oc call or the
digital signal processing (DSP) memory management functionsin the
NI-DSP function library. See the NI-DAQ Function Reference Manual
for PC Compatibles or the NI-DSP Software Reference Manual for
DOSLabWindows for details.

The AT-DSP2200 can operate in several trigger modes—pretrigger
mode, posttrigger mode, posttrigger mode with delay, or software
posttrigger made. I n pretrigger mode, the board acquires aprogrammed
number of samples both before and after the board receives a trigger.
In posttrigger mode, the board acquires a programmed number of
samples after the trigger. In posttrigger mode with delay, the board
waits a specified amount of time after the trigger before the board
acquires data. The software posttrigger mode is a special case of the
posttrigger mode where the software acts as the trigger and the board
acquires data immediately following the MDAQ St art call.

There aretwo main hardware trigger sources—analog and digital. The
board can receive the analog trigger from either of the input channels.
Analog triggers occur when the selected input channel reaches a
specified slope and level. To eliminate false triggering due to noisein
the analog trigger signal, usethe Tr i gger _W ndow_Confi g
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function to specify atrigger hysteresis window. If you want a digital
trigger, you can apply the trigger to the digital trigger 1/0 connector.
When using a digital trigger, notice that the first sample after the
trigger does not appear in the acquisition buffer until 34 or 35 samples
(depending on the time of thetrigger) 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. This
behavior isafeature of the digital anti-aliasing filter. Alternatively, the
board can receive digital triggers over the RTSI bus. After you
configure the board to acquire samples, the AT-DSP2200 can trigger
and acquire data each time the board receives a trigger without being
stopped or reprogrammed. This is called multiple-frame data
acquisition, in which a frame contains the data acquired with each
trigger.

AT-DSP2200 Analog Output

The AT-DSP2200 contains two analog output channels numbered 0
and 1. Each channel contains a 16-bit delta-sigma modulating DAC.
The DACs can generate voltages in the range of £2.828 V. The
AO_Conf i gur e and AO_Updat e functions do not support the
AT-DSP2200.

AT-DSP2200 Waveform Generation

There are 16 fixed DAC update rates achieved by dividing one of four
timebases by 1, 2, 4, or 8. With the Waveform Generation functions,
the AT-DSP2200 can generate continuous analog waveforms. The
waveform buffer can reside in PC memory or in onboard DSP memory.
To use onboard DSP memory, you must allocate a buffer with the
NI-DSP memory allocation function. Y ou can use the DSP memory
handle returned by thisfunction asthe buffer parameter in WFM_Load.
The waveform buffer can contain 16-bit integer DAC values, floating-
point DAC values, or floating-point voltages. Refer to
DSP2200_Conf i g in Chapter 2, Function Reference, of the NI-DAQ
Function Reference Manual for PC Compatibles, for information on
using on-the-fly, floating-point translation and scaling.

NI-DAQ does not currently support double-buffered waveform
generation and transfers when the waveform buffer is a DSP buffer.

Serial Data Link support:

* AnAT-MIO-16X or AT-MI0O-64F-5 can acquire datadirectly into
a DSP memory buffer. To do this, connect the MIO device to the
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DSP board with a RTSI cable and specify a DSP handle in the
buffer parameter of the DAQ or SCAN function call. Use
DSP2200_Conf i g to specify data translation and
demultiplexing options for these operations.

* Currently, you cannot directly generate waveforms from a DSP
buffer on an M10 device using serial data link.

Gy Note: When acquiring data and generating a waveform at the same time, only
one of the bufferscan bein PC memory. Both buffers can be DSP buffers.

Note: If you are using an AT-DSP2200 with LabWindows/CVI, you should
install your NI-DSP for DOS disks to obtain the files DSP2200. OUT and
DSP2200S. QUT. Thesefiles are necessary to configure the AT-DSP2200
in the WDAQCONF configuration utility. None of the other filesinstalled
with NI-DSP for DOS will be used and can be deleted after installation.

The PC-TIO-10 Timing 1/O Board

PC-TIO-10 Counter/Timer Operation

The PC-TI0O-10 counter/timer operation isthe same asfor the MI10O-16.
Refer to Am9513-Based Device Counter/Timer Operation earlier in
this chapter for detailed information.

PC-TIO-10 Counter/Timers

The PC-TIO-10 contains two Advanced Micro Devices (AMD)
Am9513 System Timing Controller (STC) chips, each of which
provides five independent 16-bit counter/timers and a 4-bit
programmable frequency output, FOUT. Each of the STCsis
connected to an onboard 1 MHz frequency source, thus giving internal
frequencies as specified previously. In addition, the SOURCES5 and
SOURCE10 inputs are connected to a 5 MHz frequency source that
yields increased timing resolution.

All counter/timers are available for general-purpose counting
functions. All 10 counters and both FOUT outputs are connected to the
I/O connector of the PC-T10-10. The GATE, SOURCE, and OUTPUT
lines of each of the counters except counters 5 and 10 are connected to
the 1/0 connector. As mentioned previously, SOURCES5 and
SOURCE10 are used as additional frequency inputs; consequently,
only the GATE and OUTPUT lines of counters 5 and 10 are connected
to the 1/O connector.
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Because the Am9513 integrated circuits operate independently, the
next lower order counter of counter 1 is counter 5, and the next lower
order counter of counter 6 is counter 10. Accordingly, the next higher
order counter of counter 5 is counter 1, and the next higher order
counter of counter 10 is counter 6.

PC-TIO-10 Digital I/0

The PC-TIO-10 board contains 16 bits of digital 1/0. These bits are
divided into a set of two digital 1/0 ports of eight bits each. The digital
I/0 ports are labeled as ports A and B on the I/O connector as shown
in the PC-TIO-10 User Manual. These ports are referred to as ports 0
and 1 for the Digital 1/0 functions in which:

e port A =port0
e portB =portl

Digital 1/0 on this board is controlled by the Motorola MC6821
Peripheral Interface Adapter chip, the ports of which you can program
on a bitwise basis—you can configure each bit individually for input
or output. In addition, any bit that you configure as an output bit has
read-back capability (that is, by reading the port associated with a
particular bit, you can determine what digital value the output bit is
currently asserting). The PC-TIO-10 digital 1/O ports operate only in
nonlatched mode.

The PC-DI0-96 Digital 1/0 Board

PC-DI0-96 Digital /0
The PC-DI0O-96 board contains 96 bits of digital 1/0. These bits are
divided into a set of 12 digital 1/0 ports of eight bits each. Digital 1/0
on this board is controlled by four Intel 8255A Parallel Peripheral
Interface chips. The digital 1/0 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 PC-DI0O-96 User Manual. You can
configure all 12 ports as either input ports or output ports.

These ports are referred to as ports 0 through 11 for the Digital 1/0
functions in which:
e port APA =port 0

e port APB =port 1
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e port APC = port 2
e port BPA = port 3
e port BPB = port 4
e port BPC = port 5
e port CPA = port 6
e port CPB = port 7
e port CPC = port 8
e port DPA =port 9
e port DPB = port 10
* port DPC = port 11

You can use ports 0, 1, 3, 4, 6, 7, 9, and 10 for both latched
(handshaking) and nonlatched (no-handshaking) modes. Y ou can use
ports 2, 5, 8, and 11 only for nonlatched mode. The board uses the
digital lines making up port 2 (APC) as handshaking lines for ports 0
and 1 whenever you configure either for latched mode; therefore, port
2 isnot availablefor the Digital 1/0 functions whenever you configure
either port 0 or port 1 for latched mode. The board usesthe digital lines
making up port 5 (BPC) as handshaking lines for ports 3 and 4
whenever you configure either for latched mode; therefore, port 5isnot
available for the Digital 1/0 functions whenever you configure either
port 3 or port 4 for latched mode. The board uses the digital lines
making up port 8 (CPC) as handshaking lines for ports 6 and 7
whenever you configure either for latched mode; therefore, port 8 isnot
available for the Digital 1/0 functions whenever you configure either
port 6 or port 7 for latched mode. The board uses the digital lines
making up port 11 (DPC) as handshaking lines for ports 9 and 10
whenever you configure either for latched mode; therefore, port 11 is
not available for the Digital I/O functions whenever you configure
either port 9 or port 10 for latched mode.

PC-DIO-96 Groups

Y ou can group any combination of ports0, 1, 3,4, 6, 7, 9, and 10 on
the PC-DI0O-96 to make up larger ports. For example, you can program
ports 0, 3, 9, and 10 to make up a 32-bit handshaking port, or all eight
portsto make up a64-bit handshaking port. See Digital 1/0 Application
Hints in Chapter 3, Software Overview, for more details.
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The DIO-24, AT-MIO-16D, and AT-MIO-16DE-10 Digital

I/0 Devices

DIO-24, AT-MIO-16D, and AT-MIO-16DE-10 Digital I/0

O National Instruments Corporation 2-53

Note:

TheDIO-24, AT-MI0-16D, and AT-MI10-16DE-10 devices contain 24
bits of digital 1/0. These bits are divided into a set of three digital 1/0O
ports of eight bits each.

The digital 1/0 ports are labeled as ports PA, PB, and PC on the I/O
connectors, as shown in your device user manual. Y ou can configure
all three ports as either input ports or output ports. The following table
lists the port numbers to use in the Digital I/O functions.

Device Port Names Port Numbers
DIO-24 PA, PB, PC 0,1,2
AT-MIO-16DE-10 PA, PB, PC 2,3,4
AT-MIO-16D PA, PB, PC 2,34

Ports PA and PB support both latched (handshaking) and nonlatched
(no-handshaking) modes. Y ou can use port PC only for nonlatched
mode. The device uses the digital lines making up port PC as
handshaking lines for both ports PA and PB whenever you configure
either for latched mode; therefore, port PC is not available for Digital
I/0 functions whenever you configure either port PA or port PB for
latched mode.

As discussed earlier in this chapter, the AT-MI10O-16D contains eight
additional bits of digital 1/0 split into two 4-bit ports called 0 and 1. The
AT-MI0O-16DE-10 also contains eight additional bits of digital 1/O called
port 0. The AT-M10O-16DE-10 does not have a port 1.

DI0-24, AT-MIO-16D, and AT-MIO-16DE-10 Groups

Y ou can group ports PA and PB together to make up a 16-bit port. See
Digital I/0 Application Hints in Chapter 3, Software Overview, for
more details.
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The DIO-32F Digital 1/0 Boards

DIO-32F Digital I/0

The DIO-32F contains 36 bits of digital I/0O. These bitsare divided into
aset of four digital 1/0 ports of eight bitseach, a2-bit digital input port,
and a 2-bit digital output port. The 8-bit digital 1/0 ports are labeled as
ports DIOA, DIOB, DIOC, and DIOD on the |/O connector, as shown
inthe AT-DIO-32F User Manual. The 2-bit digital input port islabeled
IN, and the 2-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 1/0 functions, in which:

* port DIOA = port O
e port DIOB =port 1
e port DIOC = port 2
* port DIOD = port 3
e portsOUT and IN = port 4

Y ou can configure ports 0 through 3 as either input ports or output
ports. When you configure any of these ports as an output port, the port
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. Because the input and
output pins of port 4 are physically separate, however, writing and then
reading port 4 does not return the value written (unless, of course,
OUT1liswiredto IN1 and OUT2 to IN2 at the I/O connector).

Note: For AT Series boards of Revision B or earlier, you must configure ports 0
and 1 and ports 2 and 3 for operation in the same direction.

Y ou can also configure ports 0 through 3 for both latched and
nonlatched modes. If you configure the ports for latched mode, you
must assign the ports to one of two handshake groups. The DIO-32F
I/O connector has handshake lines for the groups. These handshake
lines are labeled REQ1 and REQ2 for request, and ACK1 and ACK2
for acknowledge. Signals received or generated on these handshake
lines affect only the ports assigned to the group.

Port 4 isalways configured as an 1/0O port. Writing to port 4 affects the
output lines on the connector labeled OUT1 and OUT2. Reading from
port 4 returns the digital value of the input lines on the connector
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labeled IN1 and IN2. These lines are mapped to the bits of the byte
written to and read from port 4 as follows:

Bit Number

Digital 1/0 Line Number

7t02

No significance

1

ouT2

IN2

0

OUT1 IN1 Least significant bit

Y ou cannot configure port 4 for latched mode.

Note: At least one DMA channel must be available for buffered operations
(DI G_Bl ock and DI G_DB function calls).

The AMUX-64T External Multiplexer Device

An AMUX-64T external multiplexer device expands the number of
analog input signals that the M1O or Al device can measure. The
AMUX-64T has 16 separate four-to-one analog multiplexer circuits.
One AMUX-64T device can multiplex up to 64 analog input signals.
Y ou can cascade four AMUX-64T devices to permit up to 256 single-
ended (128 differential) signals to be multiplexed by one MIO or Al
MIO or Al device. Table 2-5 shows the number of channels available
on the MIO or Al device with an external multiplexer.

Table 2-5.  Analog Input Channel Range
Number of External Channel Range
Multiplexer
(AMUX-64T) Devices Single-Ended Differential
0 0-15 07
1 0-63 0-31
2 0-127 0-31, 6495
4 0-255 0-31, 64-95, 128-159,
192223
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Al _Mux_Conf i g configures the number of multiplexer devices
connected to the M10 or Al device. Y ou then use the input channelsin
subsequent data acquisition calls with respect to the external
AMUX-64T analog input channel numbers rather than the MIO or Al
device onboard channel numbers. For example, with one external
device, channel can have avalue of 0 through 63 (single-ended), or O
through 31 (differential). With two or four AMUX-64T devices,
channel numbering of the second device can be from 64 through 127
(single-ended), or from 64 through 95 (differential). Therefore, single-
ended and differential channels always begin at the same number on
each device.

When you use more than one AMUX-64T device, address the channels
on the different devices as follows:

AMUX-64T Channel Number
Device
Single- Differential
Ended
Device A 063 0-31
Device B 64-127 64-95
DeviceC 128-191 128-159
Device D 192-255 192-223

The channel address on each AMUX-64T depends on the switch
setting on each device. See the AMUX-64T User Manual for more
information on the external multiplexer device.

Scanning Order Using the AMUX-64T

The scanning counters on the AMUX-64T and onthe MIO or Al device
perform automatic scanning of the AMUX-64T analog input channels.
When you perform amultiple-channel scanned data acquisition with an
AMUX-64T, one of the counter/timers on the MIO or Al device
normally available to you, counter 1, is used for switching the M10 or
Al device onboard multiplexers.

Scanning is a simple operation for one AMUX-64T device but
becomes more complex for multiple AMUX-64T devices. The
following paragraphs explain in detail how channels are scanned from
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the AMUX-64T. Y ou must know this scanning order so that you can
determine from which analog input channel the data was scanned
during adata acquisition operation. When asingle AMUX-64T device
is connected to the MIO or Al device, you must scan four AMUX-64T
input channelsfor every MI1O or Al device channel. If two AMUX-64T
devices are attached to the MIO or Al device, you must scan eight
AMUX-64T channels for every MIO or Al device input channel. For
example, channels 0 through 3 on AMUX-64T device A and channels
64 through 67 on AMUX-64T device B are multiplexed together into
MIO or Al device channel 0. Notice that the MIO or Al device scans
the first four channels on device A, followed by the first four channels
on device B.

If four AMUX-64T devices are attached to the M1O or Al device, you
must scan 16 AMUX-64T channels for every MIO or Al device input
channel. For example, channels 0 through 3 on AMUX-64T device A,
channels 64 through 67 on AMUX-64T device B, channels 128 through
131 on AMUX-64T device C, and channels 192 through 195 on device
D are multiplexed together into MIO or Al device channel 0. Notice
that the M1O or Al device scans the first four channels on device A,
followed by the first four channels on device B, the first four channels
on device C, and, finally, the first four channels on device D.

The order in which the MIO or Al device scans channels depends on
the scan channel sequence specified in SCAN_Set up. This scan
sequence is an array of MO or Al device onboard channel numbers
that indicates the order in which the M1O or Al device onboard
channels are scanned. The scanning order on the AMUX-64T,
however, isfixed. Table 2-6 showsthe order in which the AMUX-64T
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channels are scanned for every M1O or Al device input channel for
different AMUX-64T configurations.

Table 2-6. AMUX-64T Scanning Order for Each MIO or Al Device Input Channel
MIO or AMUX-64T Channels

Dg,lice One Device Two Devices Four Devices
Channd Device A | DeviceA | DeviceB | Device A | DeviceB | DeviceC | DeviceD
0 0-3 0-3 64-67 0-3 64-67 128-131 | 192-195
1 4-7 4-7 68-71 4-7 68-71 132-135 | 196-199
2 8-11 8-11 72-75 8-11 72-75 136-139 | 200203
3 12-15 12-15 76-79 12-15 76-79 140-143 | 204-207
4 16-19 16-19 80-83 16-19 8083 144-147 | 208-211
5 20-23 20-23 84-87 20-23 84-87 148-151 | 212-215
6 24-27 24-27 88-91 24-27 88-91 152-155 | 216-219
7 28-31 28-31 92-95 28-31 9295 156-159 | 220223
8 32-35 32-35 9699 32-35 96-99 160-163 | 224-227
9 36-39 36-39 100-103 | 36-39 100-103 | 164-167 | 228-231
10 4043 4043 104107 | 4043 104-107 | 168-171 | 232-235
11 4447 4447 108-111 | 4447 108-111 | 172-175 | 236-239
12 48-51 483-51 112115 | 48-51 112115 | 176-179 | 240-243
13 52-55 52-55 116119 | 52-55 116-119 | 180-183 | 244-247
14 56-59 56-59 120-123 | 56-59 120-123 | 184-187 | 248-251
15 60-63 60-63 124127 | 60-63 124127 | 188-191 | 252-255

For example, if you use one AMUX-64T device, whenever NI-DAQ
selects channel 0 on the MIO or Al device in the scan sequence,
channels 0 through 3 on the AMUX-64T are automatically scanned. If
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you use two AMUX-64T devices, channels 0 through 3 (device A) and
channels 64 through 67 (device B) are automatically scanned whenever
channel Ois selected in the scan sequence. If you use four AMUX-64T
devices, channels 0 through 3 (device A), channels 64 through 67
(device B), channels 128 through 131 (device C), and channels 192
through 195 (device D) are automatically scanned whenever channel 0
is selected in the scan sequence.

If you program the M10 or Al device with a sequential channel scan
sequence of 0 through 7 or 0 through 15, the AMUX-64T channels are
scanned from top to bottom in the order given in Table 2-6. Notice that
if you use differential input configuration, you should enter only MIO
or Al device channels 0 through 7 in the scan sequence in

SCAN_Set up, inwhich case only the information pertaining to those
channelsin Table 2-6 applies. See the AMUX-64T User Manual for
more information on the external multiplexer device.

The AT-MI0-64F-5 has onboard analog input channels that are
numbered as follows:

0 through 63, in single-ended mode
0 through 39, excluding 8 through 15, in differential mode

If you plan to use the AMUX-64T, the AMUX-64T channel numbers
overlap with the onboard channels. For example, if you have one
AMUX-64T device connectedtothe AT-MI O-64F-5, AMUX-64T channels
16 through 63 conflict with onboard single-ended channels (with the same
numbers) on the analog input connector. Because of this overlapping of
channel numbers, you must call theM O_Conf i g function whenever you
want to use an AMUX-64T channel. For further details on the

M O_Confi g function, refer to Chapter 2, Function Reference, of the
NI-DAQ Function Reference Manual for PC Compatibles.

If you are using your M10 or Al deviceto power the AMUX-64T, you
must be aware that not only must the fuses on the AMUX-64T be
intact, but the fuse on the M10O or Al device must also work. All fuses
are in working order when you receive them, but inadvertent contact
between +5 V and ground can short the fuse.

The SC-2040 Track-and-Hold Accessory

The SC-2040 simultaneously amplifies and samples up to eight
differential inputs and sends them in parallel as differential signalsto
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an E Series DAQ device. The SC-2040 has eight amplifiers, each with
a DIP-switch programmable gain of 1, 10, 100, 200, 300, 500, 600,
700, or 800. The SC-2040 can be powered from either the DAQ device
or from an external 5V power supply. Scanning of the SC-2040
channels can be initiated through software or through an external
trigger.

The track-and-hold circuitry acquires signals within 7 ps, and when
hold mode is enabled, the signals settle within 1 ps. Then the E Series
device samples the SC-2040 channels as fast as possible, after which
the SC-2040 is put into track mode again.

If you are using DOS, before using the analog input functions to
acquire data from your SC-2040, you must first call the

SC _2040_Conf i gur e function. If you are using Windows and have
configured your SC-2040 in WDAQCONF, you do not have to call

SC 2040_Conf i gur e because NI-DAQ will retrieve the SC-2040
settings from the configuration file.

To take a single snapshot of voltages from several channels, you use
the SCAN_Set up function followed by either Al _Read_Scan or
Al _VRead_Scan. To repeatedly scan a group of channels, use the
SCAN_ series of functions.

The SC-2042-RTD Accessory

The SC-2042-RTD is alow-cost input device that connects directly to
RTDs and provides current source excitation and RTD input signal
routing to the Lab-PC+, MIO and Al devices, and E Seriesdevices. The
SC-2042-RTD has eight channels, each of which has one current
excitation source (1 mA) and differential input signal routing to the
DAQ device. The SC-2042-RTD workswith RTDsfrom 10 Q to 2 kQ
over their full temperature range, 4-wire ohms measurements of up to
6 kQ, and overvoltage protection of 25 VDC.

To use the SC-2042-RTD, you must configure your DAQ device for
differential mode.

The SC-2043-SG Accessory

The SC-2043-SG isalow-cost input device for bridge completion and
calibration of strain gauge bridge circuits and input signal routing to
the Lab-PC+, MIO and Al devices, and E Series devices. The
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SC-2043-SG has eight channels; each channel has one-quarter or one-
half (and full) bridge completion, a bridge-balancing circuit, and
nonreferenced single-ended input signal routing to the DAQ device.
There is one half-bridge reference common to all channels, with a
jumper disable for full-bridge connections. The excitation supply is
external and is common to all channels.

If you are using DOS, before using the analog input functions to
acquire datafrom your strain gauge through the SC-2043-SG, you must
call theSet _DAQ Devi ce_|I nf o function. If you are using Windows
and have configured your devicein WDAQCONF, you do not haveto call
Set _DAQ Devi ce_I nf o because NI-DAQ will retrieve the
SC-2043-SG settings from the configuration file.

To use the SC-2043-SG, you must configure your DAQ device for
NRSE mode.

The SCXI Hardware

SCXI modules provide signal conditioning for analog input signals,
isolation for analog and digital 1/0 signals, and channel multiplexing
toincrease the number of analog and digital signalsprovided by aDAQ
device. You connect signals to your SCX| modules using shielded
SCXI terminal blocks that plug into the front of the modules.

Y ou can use a plug-in DAQ device in your computer to control the
SCXI1 modulesand perform A/D conversions on the conditioned anal og
input signals. You use an SCXI ribbon cable assembly to connect one
of the SCXI| modulesin your chassisto the plug-in DAQ devicein your
PC.

Y ou can also use the SCX1-1200 data acquisition and control module
in your SCXI chassis to control the other SCXI modules and perform
A/D conversions remotely at the SCXI chassis. NI-DAQ uses the
parallel port on your PC to communicate with the SCX1-1200. You
only need to cable the SCXI-1200 modul e to the PC parallel port, you
do not need to cable anything to other modules in the chassis.

NI-DAQ supports the following DAQ devices for use with SCXI:
« MIOand Al devices

e Lab-PC+

e« PC-LPM-16
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+ DAQCard-700
 DAQCard-1200

« DIO-24
+ DIO-32F
« DIO-96

Please refer to the SCXI Modules and Compatible DAQ Devices
section later in this chapter for information about the functionality of
each DAQ device with each type of SCXI module.

SCXI Installation and Configuration

Toinstall your SCXI system, follow the instructions in the SCXI
Hardware Installation section in Chapter 1, Introduction to NI-DAQ.
After you assemble your SCXI system, you must run the configuration
utility to enter your SCXI configuration; NI-DAQ needs the
configuration information to program your SCXI system correctly. The
SCXI Configuration in DAQCONF and SCXI Configuration in
WDAQCONEF sections in Chapter 1 contains detailed instructions for
entering your SCXI configuration using the configuration utility.

SCXI Operating Modes

The way that NI-DAQ has access to the signals from the modules
depends on the operating modes of the modules. There are two basic
operating modes for SCX1 modules—M ultiplexed and Parallel. The
operating mode is a parameter that you enter in the configuration
utility.

=+ Note It isrecommended that you use the Multiplexed mode.

Multiplexed Mode for Analog Input Modules

When an anal og input module operates in Multiplexed mode, all of its
input channels are multiplexed to one modul e output. When you cable
aDAQ device to a multiplexed analog input module, the DAQ device
has access to that module's multiplexed output, as well as the outputs
of all other multiplexed modules in the chassis viathe SCXIbus. The

SCXI functions route the multiplexed analog signals on the SCXIbus
for you transparently. So, if you operate all modules in the chassisin

Multiplexed mode, you only need to cable one of the modules directly
to the DAQ device.

NI-DAQ User Manual for PC Compatibles 2-62 O National Instruments Corporation



Chapter 2 Hardware Overview

If you use the SCX1-1200 DAQ module in Multiplexed mode, it also
has access to the multiplexed output of all analog input modulesin the
chassis that are operated in multiplexed mode.

If you use an MIO or Al device, Lab-PC+, or an SCXI-1200 DAQ
module, 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 modul e sendsits output to the
SCXIbus during a scan. Y ou 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 PC-LPM-16 support only single-channel
acquisitions in Multiplexed mode.

By default, when you cable aDAQ device to amultiplexed module, the
multiplexed output of the module (and all other multiplexed modules
in the chassis) appears at analog input channel 0 of the DAQ device.

Y ou can use more than one SCXI chassis with one MIO or Al device
if the modules operate in Multiplexed mode. Y ou must use one
SCX1-1350 multichassis adapter for each additional chassis (refer to
your SCX| module user manuals). Y ou 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 0 of the MI1O or Al device, the
output of the module in the second chassis to analog input channel 1 of
the M1O or Al device, and so on. When you want to acquire datafrom
the additional chassis, you must specify the correct onboard M1O or Al
device channel in the channel scan list that you pass to the SCAN
functions.

Y ou can operate the SCX1-1122 and SCX1-1100 modules only in
Multiplexed mode.

Multiplexed Mode for the SCXI-1200

In Multiplexed mode, the SCX1-1200 can access the anal og bus on the
SCXI backplane. When you configure other analog input modulesin
the chassis for Multiplexed mode, the SCXI functions can multiplex
their input channels and send them on the anal og bus on the SCXI
backplane. So, if you configure the SCXI-1200 for Multiplexed mode,
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you can use it to read the multiplexed output from other SCXI| analog
input modulesin the chassis. In addition, you can multiplex the analog
input channels on the SCX1-1200 with the input channels from other
analog input modules in the chassis during the same scanning
operation.

Y ou cannot use the SCX1-1200 to read channels from other analog
input modules that are configured for Parallel mode.

Multiplexed Mode for Analog Output Modules

The SCX1-1124 analog output module supports only Multiplexed
mode (sometimes referred to as Serial mode in the SCXI-1124 User
Manual). This means that NI-DAQ sets the analog output channel
states by communicating serially over the SCX1bus. 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 a DAQ device in the computer, or you can use the
SCX1-1200 DAQ module to communicate with all other multiplexed
modules in the chassis.

Multiplexed Mode for Digital and Relay Modules

Multiplexed modeisreferred to as Serial mode in the digital and relay
modul e 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
SCX1-1162, SCX1-1162HV, SCX1-1163, and SCX1-1163R 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 aDAQ
devicein the computer, or you can use the SCX1-1200 DAQ moduleto
communicate with all other multiplexed modules in the chassis.

Parallel Mode for Analog Input Modules

When an analog input modul e operatesin Parallel mode, it sends each
of itsinput channels directly to a separate analog input channel of the
DAQ device cabled to the module. Y ou cannot multiplex parallel
outputs of amodule on the SCX1bus; only aDAQ devicethat you cable
directly to amodule in Parallel mode has access to its input channels.
In this configuration, the total number of analog input channelsis
limited to the number of channels available on the DAQ device. In
some cases, however, you can cable more than one DAQ device to
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modules in an SCXI chassis. For example, you can use two Lab-PC+
boards and cable each one to a separate SCX1-1120 module in the
chassis operating in Parallel mode. Y ou must be sure to enter the
correct device numbersin the Cabled Devicefield of the configuration
utility for each module you operate in Parallel mode.

By default, when amodul e operatesin Parallel mode, the modul e sends
its channel 0 output to analog input channel 0 of the DAQ device, the
channel 1 output to analog input channel 1 of the DAQ device, and so
on. Y ou cannot use an SCX1-1200 to read channels from another
analog input module in Parallel mode.

Parallel Mode for the SCXI-1200

In Parallel mode, the SCX1-1200 can read only its own analog input
channels. The SCX1-1200 does not have access to the analog bus on the
SCXI backplane if you configureit for Parallel mode. Y ou should use
Parallel modeif you are not using other SCXI analog input modulesin
the chassis in addition to the SCX1-1200.

Parallel Mode for Digital Modules

When you operate a digital module in Parallel mode, the digital lines
on your DAQ device directly drive the individual digital channels on
your SCXI module. You must cable a separate DAQ devicedirectly to
every module that you operate in Parallel mode. The SCXI-1162,
SCXI1-1162HV, SCX1-1163, and SCXI-1163R modules have jumpers
that you must set correctly for the module to operate in Parallel mode.
Only the DIO boards and the AT-M10-16D can use the digital modules
in Parallel mode. The MIO or Al devices, Lab-PC+, PC-LPM-16,
DAQCard-700, SCX1-1200, and DAQCard-1200 cannot usethe digital
modules in Parallel mode.

Y ou 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 1/0 functions
described in Chapter 3, Software Overview, with the appropriate
onboard port numbersinstead of using the SCX| functions. Refer to the
SCXI Modules and Compatible DAQ Devices section for information
about which digital ports on each DAQ device are actually used in
Parallel mode.
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Note:

A DAQ devicethat iscabled to an SCXI-1162, SCXI-1162HV, SCXI|-1163,
and SCXI-1163R in Parallel mode cannot be the communication path in
the configuration utility.

If you are using a DIO-96 or an AT-MIO-16D, you can also operate a
digital module in Parallel mode using the digital ports on the second
half of the ribbon cable (pins 51-100). So, the DI0O-96 can operate two
digital modules in Parallel mode—one module using the first half of
the ribbon cable (pins 1-50) and another module using the second half
of the ribbon cable (pins 51-100). 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 DAQ Devices

NI-DAQ User Manual for PC Compatibles 2-66

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. Pleaserefer to your SCX| modul e and chassis user
manuals and DA Q device user manuals for detailed information about
the capabilities and limitations of your hardware.

The SCXI-1100

The SCX1-1100 module has 32 differential analog input channels. The
input voltage range is-10 to +10 V. The SCXI-1100 has a software-
selectable module gain with values of 1, 2, 5, 10, 20, 50, 100, 200, 500,
1,000, and 2,000. The gain appliesto all channels on the module; use
the SCXI _Set _Gai n function to select the module gain. The gain
fields in WDAQCONF are not used by NI-DAQ; those fields are used
only by LabVIEW. The SCXI-1100 also has a software-sel ectable
Calibration mode that you can use to determine the zero offset of the
module (see the SCXI _Cal i br at e_Set up function description).

The SCX1-1300 and SCX1-1303 terminal blocks that you can use with
the SCX1-1100 module each have an onboard temperature sensor that
isjumper configurable to be either multiplexed with the other input
channels (MTEMP configuration), or to be sent directly to a different
DAQ device channel (DTEMP configuration). In the MTEMP
configuration, you can select the temperature sensor in software using
the SCXI _S ngl e_Chan_Set up function. If you use the DTEMP
configuration, the temperature sensor output appears on DAQ device
channel 1. When you use the SCX1-1300, multiply the voltage you read
from the temperature sensor by 100 to get degrees Celsius. The
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SCX1-1303 temperature sensor is a thermistor; you can use the
thermistor conversion routine described in The Transducer Conversion
Functions section in Chapter 3, Software Overview, to convert the
thermistor voltage to temperature.

Y ou can cable an MI1O or Al device directly to an SCXI1-1100 module
using the SCX1-1340 cable assembly. Y ou must use the SCX1-1341
cable assembly for aL ab-PC+ or DAQCard-1200, and you must usethe
SCX1-1342 cable assembly for a PC-LPM-16 or DAQCard-700. You
cannot cable a DIO board to an SCXI-1100. If you are using multiple
analog input modulesin Multiplexed mode, you only need to cable one
of the modules in each chassis to the DAQ device, or you can control
the modules using the SCX1-1200 DAQ module.

Please refer to the SCXI-1100 User Manual for more information on
the hardware-sel ectable signal conditioning features on the module.

The SCX1-1100 supports only the Multiplexed operating mode; it does
not support Parallel mode.

The SCXI-1102

The SCX1-1102 has 32 differential analog input channels and one cold-
junction sensor channel (CISTEMP) that is selectable through the
SCXI _Si ngl e_Chan_Set up function. When you use the module
with an SCXI-1300 or SCX1-1303 terminal block, the terminal block
temperature sensor connects to CJISTEMP. The module can multiplex
CJSTEMP with the other 32 input channels during a hardware-
controlled scan. On each channel, including CISTEMP, the SCX1-1102
has a 3-pole low-pass filter to reject 60 Hz noise. Each of the 32
differential analog input channels (but not CISTEMP) also has an
amplifier with a selectable gain of 1 or 100, selected through the
SCXI _Set _Gai n function. The amplification and filtering occur
before multiplexing.

When you change the gain on a channel, the output will take several
secondsto settle. The modul e contains a Status Register to indicate that
the output isin the process of settling, and thisinformation isavailable
to applications through the SCXI _Get _St at us function.

The SCX1-1102 supports only Multiplexed operating mode; it does not
support Parallel mode.
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The SCXI-1120 and the SCXI-1121

The SCX1-1120 and SCXI-1121 are 8-channel and 4-channel isolation
modules, respectively. The input voltage range on both modulesis
+5 V. The modules have a hardware-sel ectable gain on each input
channel with values of 1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, and
2,000. The gain fields in WDAQCONF are not used by NI-DAQ; those
fieldsareused only by LabVIEW. Y ou usethe SCXI _Scal e function
to compensate for SCX1-1120 and SCX1-1121 gains. The SCX1-1121
also hasfour excitation channel s that you can usefor voltage or current
excitation.

The SCX1-1320 and SCX1-1328 terminal blocks that you can use with
the SCX1-1120 and SCX1-1121 modules each have an onboard
temperature sensor that i sjumper-configurabl e to be either multiplexed
with the other input channels in Multiplexed mode (MTEMP
configuration), or to be sent directly to adifferent DAQ device channel
(DTEMP configuration). In the MTEMP configuration, you can select
the temperature sensor in software using the

SCXI _Si ngl e_Chan_Set up function. If you use the DTEMP
configuration, the temperature sensor output appears on DAQ device
channel 15 for the SCX1-1120 and channel 4 for the SCX1-1121.
Noticethat the DAQ device must be in Pseudodifferential modeto read
the temperature sensor in the DTEMP configuration with the
SCX1-1120. When you use the SCX1-1320, multiply the voltage you
read from the temperature sensor by 100 to get degrees Celsius. The
SCX1-1328 temperature sensor is a thermistor; you can use the
thermistor conversion routine described in The Transducer Conversion
Functions section in Chapter 3, Software Overview, to convert the
thermistor voltage to temperature.

Y ou can use the SCX1-1321 terminal block only with the SCX1-1121
(Revision C and later). In addition to the features of SCX1-1320, the
SCX1-1321 also has shunt resistors that you can enable using the
SCXI _Cal i brat e_Set up function to check your bridge circuit.
The SCX1-1327 terminal block has DIP switch configurable
attenuators that can divide the input signals applied to the SCX1-1120
or SCXI-1121 by 100. Y ou use the SCXI _Scal e function to
compensate for the attenuation when you scale your binary datato
voltage.

Y ou can cablean MI1O or Al devicedirectly to these modules using the
SCX1-1340 cable assembly. Y ou must use the SCX1-1341 cable
assembly for a Lab-PC+ or DAQCard-1200, and you must use the

NI-DAQ User Manual for PC Compatibles 2-68 O National Instruments Corporation



Chapter 2 Hardware Overview

SCX1-1342 cable assembly for a PC-LPM-16 or DAQCard-700. You
cannot cable a DIO board to an SCX1-1120 or SCXI-1121. If you are
using multiple analog input modules in Multiplexed mode, you only
need to cable one of the modulesin each chassisto the DAQ device, or
you can control the modules using the SCX1-1200 DAQ module.

Please refer to the SCX1-1120 and SCX1-1121 user manuals for
information on the hardware-sel ectable signal conditioning features
available on the modules.

The SCX1-1120 and the SCX1-1121 modul es support both Multiplexed
and Parallel operating modes.

The SCXI-1122

The SCX1-1122 has 16 differential analog input channels. The input
voltage rangeis-5V to +5 V. The SCXI1-1122 has a software-
selectable gain that applies to all channels on the module; use the
SCXI _Set _Gai n function to program the module gain. The gain
fields in WDAQCONF are not used by NI-DAQ; those fields are used
only by LabVIEW. This module also has a programmable low-pass
filter with cut-off frequencies of 4 Hz and 4 kHz. Use the

SCXI _Confi gure_Filter function to select the filter setting.

The SCX1-1122 supports Multiplexed mode only; it does not support
Parallel mode.

The SCX1-1322 terminal block that can be used with the SCX1-1122
has an onboard thermistor that you can use to do cold-junction
compensation for temperature readings; use the

SCXI _Si ngl e_Chan_Set up function to select the sensor for
reading. Y ou can use the thermistor conversion routine described in
The Transducer Conversion Functions section in Chapter 3, Software
Overview, to convert the thermistor voltage to temperature.

Y ou can configure the SCX1-1122 for four-wire scanning mode, which
means that the module will switch the current excitation sourceto drive
one of the channels 8 through 15 as an excitation output channel
whenever the corresponding input channel 0 through 7 is selected. In
this mode the modul e has 8 anal og input channels and 8 corresponding
current excitation channels. Seethe SCXI _Set | nput _Mode
function description in the NI-DAQ Function Reference Manual for PC
Compatibles.
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The SCX1-1122 uses relays to switch the input channels; these relays
require 10 msto switch. As aresult, you cannot use a sampling rate
greater than 100 Hz in a channel-scanning operation. In addition, the
relays have afinite lifetime. If you plan to take many samples from
each channel and average them to eliminate noise, you should use the
single-channel or software scanning applications described in the SCXI
Application Hints sectionin Chapter 3, Software Overview. Thismeans
you should select one channel on the module, acquire many samples
from that channel, then select the next channel, and so on. Y ou should
not use the channel-scanning method if you want to take many samples
from each channel and average them.

The SCX1-1122 has an onboard EEPROM which contains a set of
factory calibration constants for the amplifier on the module. NI-DAQ
automatically reads these constants and uses them in the

SCXI _Scal e function to compensate for amplifier gain and offset
errors when scaling binary datato voltage. Y ou can also perform your
own module calibration by taking readings and using the

SCXI _Cal _Const ant s function to store your own calibration
constants in the EEPROM.

The SCX1-1122 has two software-sel ectable calibration modes that
you usethe SCXI _Cal i br at e_Set up function to select. You can
ground the module amplifier inputs so that you can read the amplifier
offset. You can also switch a shunt resistor across your bridge circuit
to test your circuit (refer to the SCXI-1122 User Manual for more
information about the shunt resistor).

The SCXI-1124

The SCX1-1124 is a 6-channel analog output module capable of
generating voltages between -10 and +10 V or currents between 0 and
20 mA. The SCXI-1124 has six independent 12-bit DACs. Each DAC
channel has a software-sel ectable voltage or current output range. Use
the SCXI _AO W i t e function to set the output range and write
voltages, currents, or binary values to the DACs. The SCXI-1124 is
designed for single-point output operations rather than waveform
generation.

The SCX1-1124 has an onboard EEPROM which contains a set of
factory calibration constants for each DAC. NI-DAQ automatically
|oads these constants so that the SCXI _AO W i t e function can
compute the 12-bit binary pattern needed to produce your desired
voltage at the output. Y ou can also compute your own calibration
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constants by writing binary values to the DACs, measuring the output
voltage with a voltmeter, and using the SCXI _Cal _Const ant s
function to calculate and store the constants in the module EEPROM.

The SCX1-1124 supports Multiplexed mode only. Y ou can cable an
MIO or Al device, Lab-PC+, PC-LPM-16, DAQCard-700, or
DAQCard-1200 to the SCX1-1124, in which case you should set the
jumpers on the module for M10 operation. Y ou can cableaDIO board
to the SCX1-1124, in which case you should set the jumpers on the
module for DIO operation. If there is another module in the chassis
cabled to a DAQ device in Multiplexed mode or if thereis an
SCX1-1200 module in the chassis, you do not need to cable the
SCX1-1124 to anything; NI-DAQ will communicate with the module
using the SCXIbus backplane. In this case, the M1O/DIO jumpers on
the module are irrelevant. If you plan to use analog input SCXI
modules in addition to the SCXI1-1124, and you are not using an
SCX1-1200 DAQ module, you should cable one of the analog input
modules to the DAQ device.

The SCXI-1140

The SCX1-1140 is an 8-channel simultaneously sampling differential
amplifier module. The input voltage range of the moduleis-10 to
+10 V. It has a hardware-sel ectable gain on each input channel with
values of 1, 10, 100, 200, and 500. The gain fields in WDAQCONF are
not used by NI-DAQ; thosefields are used only by LabVIEW. Y ou use
the SCXI _Scal e function to compensate for SCX1-1140 gains. The
SCX1-1140 modul e supports both Multiplexed mode and Parallel
mode.

The SCX1-1140 will simultaneously sample all the input signals and
hold those values whilethe DAQ devicereads the desired channels one
by one. When the module is holding the input channel values, it isin
Hold mode; when it comes out of Hold mode so that it can sense the
new values on the input channels, it isin Track mode. A control signal
on the modul e determines when the moduleisin Track mode and when
the module will go into Hold mode. This signal is derived either from
a counter/timer output on the DAQ device, from an external source
connected to a pin on the front connector of the module, or from a
trigger line on the SCXlbus.

The SCX1-1140 Track/Hold setup is software-configurable for single-
channel operations or for interval-scanning operations. During single-
channel operations, an SCX| function call can put the moduleinto Hold
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mode before Al functions acquire the data, and put the modul e back
into Track mode to sense new input values. During interval-scanning
operations, the scan interval timer causes the module to go into Hold
mode at the beginning of each scan and go back into Track mode at the
end of each scan. Effectively, the input channels of the SCXI-1140 are
simultaneously sampled at the beginning of each scan. The scan
interval timer can either be acounter on the DAQ device or an external
source connected to the front connector of the module.

In addition, you can synchronize multiple SCX1-1140 modules by
using the SCXIbus so that all SCXI-1140 modules will go into Hold
mode at the same time. If you are scanning multiple SCX1-1140
modulesin Multiplexed mode along with other types of SCXI modules,
the module that is cabled to the DAQ device must be an SCX1-1140
module for the Track/Hold control signals to be properly routed and
synchronized.

=+ Note Because the SCX1-1140 uses the scan interval timer of the DAQ device to
control the state of the module during scanning, only DAQ devices that
support interval scanning (M1 O and Al devices, the Lab-PC+,
DAQCard-1200, and the SCXI1-1200) will support channel scanning on
the SCXI-1140. The PC-LPM-16 and the DAQCard-700 do not support
interval scanning, and therefore do not support timed channel scanning
on the SCXI-1140 regardless of the operating mode. However, all of the
DAQ devices support single-channel operations using the SCXI-1140.
Pleaserefer to SCXI Application Hintsin Chapter 3, Software Overview, for
more information on building applications with the SCXI-1140 module.

It isimportant to be aware of the Track/Hold timing requirements of
the SCX1-1140. For accurate data, the module must be in Track mode
for at least 7 us before going into Hold mode. During an interval -
scanning operation, this means that the scan interval should be at least
7 us longer than the total sample interval. After the moduleisin Hold
mode, the latched data at the input channels will droop at a rate of

10 mV/s, so you must be careful to sample all the desired channels
relatively quickly after putting the module into Hold mode.

The SCXI-1141

The SCX1-1141 is an 8-channel analog input module with
programmable gains and filters. The input range of the moduleis-5to
+5 V. It has programmabl e gains on each channel of 1, 2, 5, 10, 20, 50,
and 100; use the SCXI _Set _Gai n function to program the gain on a
per-channel basis. The filters have a programmable cutoff frequency
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from 10 Hz to 25 kHz, and this frequency can be derived from an
external clock; usethe SCXI _Confi gure_Filter functionto
select the filter settings for the module or to enable the filters on a per-
channel basis. The SCX1-1141 supports both Multiplexed and Parallel
mode.

The SCX1-1141 has a software-sel ectable calibration mode that you
can select with the SCXI _Cal i br at e_Set up function. Y ou can
ground each input of each amplifier so that you can read the amplifier
offsets. The SCXI-1141 also has an onboard EEPROM that contains a
set of factory gain adjustment calibration constants for each amplifier
on the module. NI-DAQ automatically reads these constants and uses
them in the SCXI _Scal e function to compensate for amplifier gain
errors when scaling binary data to voltage data. Y ou can also perform
your own amplifier calibration by taking readings and using the

SCXI _Cal _Const ant s function to store your own calibration
constants in the EEPROM.

The SCX1-1304 terminal block provides either AC or DC coupling of
input signals. This terminal block also has a ground reference for
floating signals.

The SCXI-1160 and the SCXI-1161

The SCX1-1160 is a 16-channel power relay module with 16
independent one-form C relays. The relays are latched—the module
powers up with itsrelays in the position in which they were left at
power down. Y ou can set or reset each relay without affecting the other
relays, or al relays can change state at the same time.

The SCX1-1161 is an 8-channel power relay module with eight
independent one-form C relays. The relays are nonlatched, and the
module powersup withitsrelaysin the Normally Closed (NC) position
or when the hardware reset is set on the module. Y ou can set or reset
each relay without affecting the other relays, or all the relays can
change state at the same time.

The SCX1-1160 and SCX1-1161 modules only support Multiplexed (or
Serial) mode. If you cable an M10 or Al device, Lab-PC+,
DAQCard-700, DAQCard-1200, or PC-LPM-16 to one of these
modules, you must set jumpers on the module to the M1O position. If
you cable a DIO board to one of these modules, you must set jumpers
on the module to the DIO position. If you have not cabled any device
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to the module and NI-DAQ will be using the SCXIbus backplane to
communicate with the module, the MIO/DIO jumpers are irrelevant.

The SCXI-1162 and SCXI-1162HV

The SCX1-1162 and SCXI-1162HV are 32-channel optically isolated
digital input modules. They accept 32 input signals from external
equipment and condition the signals for input to a DAQ device while
maintaining optical isolation from the host computer. The SCX1-1162
accepts 0to +5 V digital signals; the SCX1-1162HV senses AC or DC
signals up to 250 V.

Youcancall theSCXI _Get _St at e functionto read thelogical states
of the digital input lines on the module.

The SCX1-1162 and SCXI1-1162HV modules support both Multiplexed
(or Serial) mode and Parallel mode. Y ou must set jumpers on the
module correctly for Multiplexed or Parallel mode. If you cable an
MIO or Al device, Lab-PC+, PC-LPM-16, DAQCard-700, or
DAQCard-1200 to the SCXI-1162 or SCXI-1162HV, you must set
jumpers on the module to the MIO position. If you cable a DIO board
to the module, you must set jumpers on the module to the DIO position.
If you have not cabled any device to the module and NI-DAQ will be
using the SCXIbus backplane to communicate with the module, the
MI1O/DIO jumpers are irrelevant.

The SCXI-1163 and SCXI-1163R

The SCX1-1163 and SCXI-1163R are 32-channel optically isolated
digital output modules. The SCXI-1163 makes available to external
equipment up to 32 digital outputs from a DAQ device while
maintaining optical isolation from the host computer and eliminating
ground-loop problems. The SCX1-1163R is functionally equivalent to
the SCX1-1163 but incorporates solid-staterelaysin place of the digital
outputs. Y ou can open or close each relay independently.

You can call the SCXI _Set _St at e function to control the digital
output lines or relays of the module. You can call the

SCXI _Get _St at e function to obtain the current states of the
module. It isimportant to remember that SCXI _Get _St at e makesa
hardware read only if the module is jumper-configured for and
operating in Parallel mode. When operated in Serial mode, the driver
retains the states of the digital output lines in memory. Consequently,
a hardware write must take place before you can obtain the states on
the module.
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The module powers up with itsdigital output linesin ahigh state or its
relaysopen. Calling SCXI _Reset also setsall thedigital output lines
to a high state.

The SCX1-1163 and SCXI-1163R modules support both Multiplexed
(or Serial) mode and Parallel mode. Y ou must set jumpers on the
module correctly for Multiplexed or Parallel mode. If you cable an
MIO or Al device, Lab-PC+, PC-LPM-16, DAQCard-700, or
DAQCard-1200 to the SCX1-1163 or SCXI-1163R, you must set
jumpers on the module to the MIO position. If you cable a DIO board
to the modul e, you must set jumpers on the modul e to the DIO position.
If you have not cabled any device to the module and NI-DAQ will be
using the SCXIbus backplane to communicate with the module, the
MIQO/DIO jumpers are irrelevant.

The SCXI-1200

The SCX1-1200 is a 12-bit data acquisition and control module.
NI-DAQ communicates with the SCX1-1200 through the parallel port
on your PC. The SCX1-1200 is functionally similar to the Lab-PC+
plug-in DAQ device. After you configure this module in the SCXI
configuration section of the configuration utility, you assign alogical
device number to it. Using the device number, you can use the
SCX1-1200 with almost any NI-DAQ function supported by the
Lab-PC+ asif it were a plug-in device inside the PC; you can use the
Analog Input functions, the Analog Output functions, the Data
Acquisition functions, the Waveform Generation functions, the Digital
I/O functions, and the Counter/Timer Functions, which are all
described in Chapter 3, Software Overview. Appendix C, NI-DAQ
Function Support, in the NI-DAQ Function Reference Manual shows
exactly which NI-DAQ functions support the SCXI-1200.

If you configure the SCX1-1200 for Multiplexed mode, it can access
the analog bus on the SCX| backplane. When you configure other
analog input modules in the chassis for Multiplexed mode, the SCXI
functions can multiplex their input channels and send them on the
anal og bus on the SCX | backplane. So, if you configure the SCX1-1200
for Multiplexed mode, you can use it to read the multiplexed output
from other SCX | analog input modulesin the chassis. In addition, you
can multiplex the analog input channels on the SCX1-1200 with the
input channels from other analog input modules in the chassis during
the same scanning operation. The SCX1-1200 switchesits analog input
channels in descending order (the other analog input modules switch
their channelsin ascending order). The SCXI Application Hints section
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in Chapter 3, Software Overview, explains how to use the SCXI
functions in analog input applications with the SCX1-1200 in
Multiplexed mode.

If you are not using other analog input modules in the chassis along
with the SCX1-1200, you should configure the SCX1-1200 for Parallel
mode. In Parallel mode you do not need the SCXI functionsto perform
analog input operations, you simply use the SCXI-1200 with the DAQ
and Lab_| SCAN functions asif it were a plug-in device inside your
PC. You can still usedigital or relay modules or anal og output modules
in the chassis with the SCX1-1200 configured for Parallel mode; you
need SCXI functions to operate those modules.

When you perform analog input operations with the SCX1-1200, the
modul e sends the digitized data back to the PC using the parallel port;
NI-DAQ retrieves the data from the SCX1-1200 by servicing the
interrupts generated by the parallel port.

MIO and Al DAQ Devices

The M10 and Al DAQ devices support the following analog input
functionality when using the SCXI analog input modules:

e Single-channel analog input using the Analog Input functions
described in Chapter 3, Software Overview

* Single-channel data acquisition using the Data Acquisition
functions described in Chapter 3, Software Overview

e Multiple-channel and interval scanning using the SCAN class of
Data Acquisition functions described in Chapter 3, Software
Overview

Y ou can also use the analog output modules and digital modulesin
Multiplexed mode with the MO and Al devices. If you are using
analog input modules with digital or analog output modules, you must
cable the MI1O or Al device to an analog input module.

It isimportant to remember that when a DAQ deviceis cabled to an
SCXI module, some of the DAQ device I/O connector pins and
therefore some of the device resources will be reserved for SCXI use.

The following M1O and Al device resources are reserved by SCXI:

e TheE Series devices use digital 1/0lines0, 1, 2, and 4 for
communication with SCXI. Other digital 1/Olinesare availablefor
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Digital 1/0 functions and can be configured for either input or
output on an individual basis.

The Am9513-based devices use digital 1/0 lines ADIOOQ through
ADIO2 to communicate with the SCXI hardware; NI-DAQ
reserves those lines as output. NI-DAQ also reserves digital 1/0
line BDIOO as input for SCXI communication. All of port A is
reserved by NI-DAQ, but lines BDIO1 through BDIO3 are
available for general use as input.

When you use an SCXI-1140 module, the scan interval counter on
the M1O or Al device controlsthe Track/Hold state of the module.
When you set up the module for a single-channel operation,
NI-DAQ reserves the scan interval counter. Refer to the

SCXI _Track_ Hol d_Set up function for more information.

The SCX1-1100 module drives analog input channel O; if you use
the SCXI terminal block with the temperature sensor in the
DTEMP configuration, the SCX1-1100 also drives analog input
channel 1 of the MIO or Al device.

The SCX1-1120 module drives anal og input channels 0 through 7,
even if you are operating the module in Multiplexed mode. In
addition, if the temperature sensor on the terminal block isin the
DTEMP configuration, the SCX1-1120 also drives analog input
channel 15. Notice that you must operate the M1O or Al devicein
Pseudodifferential mode to read the temperature sensor in the
DTEMP configuration.

The SCX1-1121 module drives anal og input channels 0 through 3,
even if you are operating the module in Multiplexed mode. In
addition, if the temperature sensor on the terminal block isin the
DTEMP configuration, the SCX1-1121 also drives analog input
channel 4.

The SCX1-1122 module drives analog input 0; if you use the SCXI
terminal block with the temperature sensor in the DTEMP
configuration, the SCX1-1122 also drives analog input channel 1
of the MIO or Al device.

The SCX1-1140 module drives anal og input channels 0 through 7,
even if you are operating the module in Multiplexed mode.

The SCX1-1141 module drives analog input channels 0 through 7,
even if you are operating the module in Multiplexed mode.
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The Lab-PC+, PC-LPM-16, DAQCard-700,
SCXI-1200, and DAQCard-1200

These DAQ devices support the following analog input functionality
when using the SCX| analog input modules:

Single-channel analog input using the Analog Input functions
described in Chapter 3, Software Overview.

Single-channel data acquisition using the Data Acquisition
functions described in Chapter 3, Software Overview.

The DAQCard-700 and PC-LPM-16 support continuous channel-
scanning on the SCXI-1120 and SCXI-1121 modules only, in
Parallel mode only, using the Lab_| SCAN class of the Data
Acquisition functions described in Chapter 3, Software Overview.

The Lab-PC+, SCX1-1200, and DAQCard-1200 support
continuous and interval scanning on all analog input modulesin
both Multiplexed and Parallel mode.

It isimportant to remember that when a DAQ deviceis cabled to an
SCXI module, some of the device resources will be reserved for SCXI
use. The following resources are reserved by SCXI:

Lab-PC+, SCXI-1200, and DAQCard-1200 digital I/O lines PB4
to PB7 are used as output communication linesto SCXI.
PC-LPM-16 and DAQCard-700 digital output lines DOUT4 to
DOUT?7 are used as output communication linesto SCXI. The
entire port isreserved by NI-DAQ. If the SCX1-1200 is the only
module in the chassis, these communication lines are not needed,
and they are not reserved by NI-DAQ.

Lab-PC+, SCX1-1200, and DAQCard-1200 digital I/O line PClis
used as an input communication line to SCXI. PC-LPM-16 and
DAQCard-700 digital input line DING is used as an input
communication line to SCXI. Theremaining lines of these ports
are available for input only. If the SCX1-1200 is the only module
in the chassis, these communication lines are not needed, and they
are not reserved by NI-DAQ.

When you use an SCXI-1140 module, counter B1 of the Lab-PC+,
SCX1-1200, or DAQCard-1200 and counter 2 of the PC-LPM-16
or DAQCard-700 control the Track/Hold state of the module.
When the module is not set up for an input operation, these
counters are available for general use; otherwise, they are
reserved. Refer to the SCXI _Tr ack_Hol d_Set up function
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description in the NI-DAQ Function Reference Manual for PC
Compatibles for more information.

e The SCXI-1100 module drives anal og input channel 0 of the DAQ
device; if you use the SCX1-1300 terminal block with the
temperature sensor in the DTEMP configuration, the SCXI1-1100
also drives analog input channel 1. The SCXI-1100 cannot read the
temperature sensor in DTEMP mode.

*  The SCXI-1120 module drives analog input channels 0 to 7, even
if you are operating the module in Multiplexed mode. In addition,
if the temperature sensor on the terminal block isin the DTEMP
configuration, the SCX1-1120 also drives anal og input channel 15.
Noticethat the Lab-PC+ cannot read the temperature sensor on the
SCX1-1320 terminal block if it isin the DTEMP configuration.
The SCX1-1200 cannot read the temperature sensor in DTEMP
mode.

e The SCXI-1121 module drives analog input channels 0 to 3, even
if you are operating the module in Multiplexed mode. In addition,
if the temperature sensor on the terminal block isin the DTEMP
configuration, the SCX1-1121 also drives analog input channel 4.
The SCX1-1200 cannot read the temperature sensor in DTEMP
mode.

e The SCXI-1122 module drives anal og input channel 0 of the DAQ
device; if you use the SCX1-1300 terminal block with the
temperature sensor in the DTEMP configuration, the SCX1-1122
also drivesanalog input channel 1. The SCXI-1122 cannot read the
temperature sensor in DTEMP mode.

*  The SCXI-1140 module drives analog input channels 0 to 7, even
if you are operating the module in Multiplexed mode.

e The SCXI-1141 module drives analog input channels 0 to 7, even
if you are operating the module in Multiplexed mode.

The DIO-24 and the DIO-96

The DIO-24 and DIO-96 digital 1/0 boards work with the digital
modules and analog output modules. It isimportant to remember that
when adigital 1/0 board is cabled to an SCX| module, some of the
board /O pins, and therefore some of the board resources, are reserved
for SCXI use. SCXI reserves the following DIO-24 and DIO-96
resources when cabled to a digital or analog output modulein
Multiplexed mode:
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» DIO-24digital I/0lines PBO to PB3 and the DI0O-96 digital output
lines APBO to APB3 are the output communication linesto SCXI.
The entire port is reserved by NI-DAQ.

+ DIO-24digital I/O line PAO and DIO-96 digital I/O line APAO are
the input communication lines from SCXI. The remaining lines of
these ports are available only for input.

When you cable a DIO-24 to an SCX1-1162, SCXI-1162HV,
SCX1-1163, or SCX1-1163R in Parallel mode, the 24 digital lines on
the D1O-24 are directly connected to channels 0 through 23 on the
module; you cannot access channels 24 to 31 on the module in Parallel
mode with a DIO-24.

When you cable a DIO-96 to an SCX1-1162, SCXI-1162HV,
SCX1-1163, or SCX1-1163R in Parallel mode, the linesin DIO-96
ports 0 to 3 aredirectly connected to the channels on the module. If you
configure the module for Parallel (secondary) mode and cable the
second half of the ribbon cable to the module, DIO-96 ports 6 to 9 are
directly connected to the digital channels on the module.

YoucanusetheDl G I n_Port and DI G_Qut _Port functionsto
access the SCX1-1162, SCXI-1162HV, SCX1-1163, and SCXI-1163R
digital channelsin Parallel mode by using the correct onboard port
numbers, listed above.

Y ou cannot cable a DIO-24 or DI0O-96 to an analog input module.

The DIO-32F

The DIO-32F digital 1/0 board supportsthe digital modulesand analog
output modules. It isimportant to remember that when a digital 1/0
board is cabled to an SCXI module, some of the digital board I/O pins,
and therefore some of the board resources, are reserved for SCXI use.
SCXI reserves the following DIO-32F resources when cabled to a
digital or analog output module in Multiplexed mode:

« DIO-32F digital 1/0 lines DIOBO to DIOB3 are the output
communication lines to the SCXI module. The entire port is
reserved by NI-DAQ.

* DIO-32F digital 1/0 line DIOAQO is the input communication line

from the SCXI module. The remaining lines of this port are
available only for input.
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When you cable a DIO-32F to an SCX1-1162, SCXI-1162HV,
SCXI1-1163, or SCX1-1163R in Parallel mode, the 32 digital lines on
the DIO-32F are directly connected to the 32 channels on the module.
YoucanusetheDl G I n_Port and DI G_ Qut _Port functionsto
access the SCX1-1162, SCX1-1162HV, SCX1-1163, or SCX1-1163R
channels in Parallel mode by using the correct onboard port numbers.

Y ou cannot cable a DIO-32F to an analog input module.
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Software Overview Chapter

This chapter describes the classes of functionsin NI-DAQ and briefly
describes each function.

NI-DAQ functions are grouped according to the following classes:

O National Instruments Corporation

Initialization and General-Configuration functions
Event Message functions
Software-Calibration and Device-Specific functions
Analog Input function group
— One-Shot Analog Input functions
e Single-channel Analog Input functions
e Single-scan Analog Input (MAI ) functions
— DataAcquisition functions
e High-level Data Acquisition functions
e Low-level Data Acquisition functions
¢ Low-level double-buffered Data Acquisition functions
«  MDAQ Data Acquisition functions
Analog Output function group
— One-Shot Analog Output functions
— Waveform Generation functions
e High-level Waveform Generation functions
e Low-level Waveform Generation functions
Digital 1/0 function group
— Digital I/0 functions
— Group Digital 1/0 functions
— Double-buffered Digital 1/0 functions
Counter/Timer function group
—  Counter/Timer functions
— Interva Counter/Timer functions
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—  General-purpose Counter/Timer functions

*  Memory Management functions

e RTSI Bus Trigger functions

e SCXI functions

e Transducer Conversion functions

The Initialization and General-Configuration Functions

Use these general functions for initializing and configuring your
hardware and software;

Al i gn_DMA Buffer

Get _DAQ Device_Info

CGet _NI _DAQ Versi on

Init DA Brds

NI-DAQ User Manual for PC Compatibles
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Alignsthe datain a DMA buffer to
avoid crossing a physical page
boundary. Thisfunctionisfor usewith
DMA waveform generation and digital
I/O pattern generation
(AT-MIO-16F-5 and AT-DIO-32F

only).

Retrieves parameters pertaining to the
device operation.

Returns the version number of the
NI-DAQ library.

Initializes the hardware and software
states of a National Instruments DAQ
device to its default state, and then
returns a numeric device code that
corresponds to the type of device
initialized. Any operation that the
deviceis performing is halted.
NI-DAQ automatically calls this
function; your application does not
have to explicitly call it. This function
is useful for reinitializing the device
hardware, for reinitializing the
NI-DAQ software, and for determining
which device has been assigned to a
particular slot number.
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Mast er Sl ave_Confi g

REG Level Read

REG Level _Wite

Set DAQ Device_Info

Ti meout _Config

USE_* Functions
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Configures one device as a master
device and one or more remaining
devices as slave devices. Thisfunction
ensures that, in a multiple-frame
acquisition, the slave devices are
always re-enabled before the master
device.

Provides you with asimple method for
obtaining the current state of any
readabl e register on any supported
National Instruments DAQ device.
This function does not support
returning the state from write-only
registers.

Provides you with asimple method for
changing the state of any bit in any
writable register on any supported
National Instruments DAQ Device.
NI-DAQ ensures that bits you do not
wish to affect remain unchanged. This
function also providesamechanismfor
obtaining the current settings of write-
only registers. However, you do not
need to obtain the current settings of a
register before writing new settings to
it.

Selects parameters pertaining to the
device operation.

Establishes atimeout limit that is used
by the synchronousfunctionsto ensure
that these functions eventually return
control to your application. Examples
of synchronousfunctionsare DAQ_Op,
DAQ DB _Transfer, and

WEM from Di sk.

Y ou must call the appropriate USE_*
function(s) at the beginning of your
DOS application. It is not necessary to
call these functions from a Windows,
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LabWindows/CVI or Windows NT
application.

The Software-Calibration and Device-Specific

These software-calibration and configuration functions are each
specific to only one type of device or class of devices.

Functions
A2000_Cali brate
A2000_Config
A2150 Calibrate
AO Cal i brate
NI-DAQ User Manual for PC Compatibles 3-4

Calibrates the EISA-A2000 A/D gain
and offset values or restores them to
the original factory-set values. You
can use the gain and offset values
calculated during calibration to adjust
the accuracy of the readings from the
four anal og input channels. Notice that
NI-DAQ automatically loads the
stored calibration values the first time
afunction pertaining to the
EISA-A2000 is called.

Configures some special EISA-A2000
features, such as sel ecting the source of
the sample clock, whether to drive the
SAMPCLK* line, and whether to add
dithering to the input signal.

Performs offset calibrations on the
ADCs of the specified AT-A2150.

Loads a set of calibration constants
into the calibration DACs or copies a
set of calibration constants from one of
four EEPROM areas to EEPROM
area l. You can load an existing set of
calibration constants into the
calibration DACs from a storage area
in the onboard EEPROM. Y ou can
copy EEPROM storage areas 2 through
5 (EEPROM area 5 contains the
factory-calibration constants) to
storage area 1. NI-DAQ automatically
loads the calibration constants stored
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Cal i brate_ 1200

Calibrate E Series

Confi gure_HW.
Anal og_Tri gger

DSP2200_Cal i brate

DSP2200_Confi g

LPML6_Cal i brate
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in EEPROM area 1 thefirst time a
function pertaining to the AT-AO-6/10
iscalled.

Calibrates the gain and offset values
for the SCX1-1200, DAQPad-1200,
and DAQCard-1200 ADCsand DACs.
Y ou 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. Y ou can storeup to
six sets of calibration constants.
NI-DAQ automatically loads the
calibration constants stored in
EEPROM user area5 thefirst timeyou
call afunction pertaining to the device.

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

Configures the hardware analog
trigger available on your E Series
device.

Performs offset calibrations on the
analog input and/or output of an
AT-DSP2200.

Specifies data translation and
demultiplexing operations that the
AT-DSP2200 can perform on analog
input and output data.

Calibrates the PC-LPM-16 converter.
The function calcul ates the correct
offset voltage for the voltage
comparator, adjusts positive linearity
and full-scale errors to less than £0.5
L SB each, and adjusts zero error to less
than +1 L SB.
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M O Calibrate Calibrates the gain and offset values
for the AT-MI10O-16F-5,
AT-MIO-64F-5, and AT-MI10-16X
ADCs and DACs. You can perform a
new calibration or use an existing set
of calibration constants by copying the
constantsfrom their storagelocationin
the onboard EEPROM. Y ou can store
up to six sets of calibration constants.
NI-DAQ automatically loads the
calibration constants stored in
EEPROM user area 5 thefirst timeyou
call afunction pertaining to the
AT-MI0O-16F-5, AT-MI10-64F-5, or
AT-MI0O-16X.

M O Config Turns dithering (the addition of
Gaussian noise to the analog input
signal) on and off. For the
AT-MIO-64F-5, this function also lets
you specify whether to use
AMUX-64T channels or onboard
channels.

Sel ect _Si gnal (E Seriesonly) Choosesthe source and
polarity of certain signalsused by the E
Series devices. You typically need to
use this function if you want to
externally control timing, to use the
RTSI bus, or to configure one of the
PFI pins on the I/O connector.

Trigger _W ndow_ Configures the hysteresis analog

Config trigger feature of an acquisition
device. This function applies only to
the AT-A2150 and the AT-DSP2200.

The Event Message Functions

NI-DAQ Event Message functions are an efficient way to monitor your
background data acquisition processes.
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The NI-DAQ Event M essage dispatcher notifiesyour application when
a user-specified event occurs. Using event messaging eliminates
continuous polling of data acquisition processes.

Config Alarm_ Specify alarm on/off condition for data

Deadband acquisition event messaging.

Confi g_ATrig_ Specify analog input trigger level and

Event _Message slope for data acquisition event
messaging.

Confi g_DAQ_ Specify analog input, analog output,

Event _Message digital input, or digital output trigger
condition for event messaging.

Cet _DAQ Event Get the next event message.

Peek DAQ Event Look at the next event message.

Event Messaging Application Hints

To receive notification from the NI-DAQ data acquisition processin
case of special events, you can call Confi g_Al ar m Deadband,
Config_ATrig Event Message, or

Confi g_DAQ Event Message to specify an event in which you
areinterested. If you areinterested in more than one event, you can call
any of those three functions again for each event of interest.

After you have configured all event messages, you can begin your data
acquisition by calling SCAN_St art, DI G_Bl ock_1 n, and so on.

When any of the events you specified occurs, NI-DAQ notifies your
application.

In DOS, your application is notified through the NI-DAQ event
message queue and/or a user-defined callback function. To check for
event messages, you can call Get _DAQ Event or
Peek DAQ Event.

In Windows, notification is always made through the Windows
message queue. When a user-specified event occurs, NI-DAQ puts a
message into the Windows message queue. Y our application receives
the message when it calls the Windows GetM essage API.
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After your application receives an event message, it can carry out the
appropriate task, such as updating the screen or saving data to disk.

If you want to restart your data acquisition process after it completes,
you do not need to call the message configuration calls again. They
remain defined as long as your application does not explicitly remove
themorcal I nit DA Brds.

If you want to add or remove a message, you must first clear your data
acquisition process. Then, call one of the three event message
configuration functions.

NI-DAQ Events in Visual Basic for Windows

Visual Basic Custom Controls

Unlike standard control-flow programming languages, the occurrence
of events drives Visual Basic code. Y ou interact with outside events
through the properties and procedures of a control. For any given
control, thereisaset of procedures, called event procedures, that affect
that control. For example, a command button named Run has a
procedure called Run_Cl i ck() that is called when you click on the
Run button. If you want something to happen when you click the Run
button, you enter codeinthe Run_Cl i ck() procedure. When a
program starts executing, Visual Basic looks for events related to
controls and calls control procedures as necessary. Y ou do not write an
event loop.

There arethree NI-DAQ custom controlsfor Visual Basic applications:
e General data acquisition (DAQ) Event (NI - EV100. VBX)

e Analog Trigger Event (NI - AT100. VBX)

AT W
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 Anaog Alarm Event (NI - AL100. VBX)

oL %

All of these custom controls are placed in the SYSTEMsubdirectory of
your Windows directory under the filenames shown above.

These three custom controls actually call the NI-DAQ

Confi g_DAQ Event Message,

Confi g_ATrig_Event Message, and

Confi g_Al ar m Deadband functions. Visual Basic applications
cannot receive Windows messages, but by using the above NI-DAQ
custom controls, your Visual Basic application can receive NI-DAQ

messages.

General DAQ Event

Y ou use the General DAQ Event custom control to configure and
enable a single data acquisition event. See The Event Message
Functions section earlier in this chapter for a complete description of
NI-DAQ events. Table 3-1 lists the properties for the General DAQ
Event control.

Note: An n represents a generic number and is not the same value in every
occurrence.

Table 3-1.  General DAQ Event Control Properties

Property Allowed Property Values
Nane General DAQEventn (default)
Board 1-n (default)
ChanStr See Confi g_DAQ Event _Message inthe

NI-DAQ Function Reference Manual

DAQEvent 0—Acquired or generated n scans
1—Every n scans

2—Completed operation or stopped by error
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Table 3-1.  General DAQ Event Control Properties (Continued)
Property Allowed Property Values

3—Voltage out of bounds
4—V oltage within bounds
5—Analog Positive Slope Triggering
6—Analog Negative Slope Triggering
7—Digital Pattern Not Matched
8—Digital Pattern Matched
9—Counter Pulse Event

DAQITri gval 0 Long

DAQTri gVval 1 Long

Tri gSki pCount Long

PreTri gScans Long

Post Tri gScans Long

I ndex

Tag

Enabl ed 0—False (default)
1—True

Some General DAQ Events can be implemented only by a select group
of National Instruments DAQ devices. Also, some General DAQ
Events require that you set the asynchronous data acquisition or
generation operation to use interrupts. For more information on the
different types of General DAQ Events, refer to the descriptionsfor the
Confi g_DAQ Event _Message function in the NI-DAQ Function
Reference Manual.

Each of these properties should be set as follows:

Gener al DAQEvent n.(property name) = (property value)

NI-DAQ User Manual for PC Compatibles
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For example, to set the ChanStr property to Analog Input channel O for
General DAQEvent 1:

Cener al DAQEvent 1. ChanStr = "Al 0"

Y our program flow should look like this:

1. Set the properties of the General DAQ Event control. Also,
configure the acquisition or generation operations using the
appropriate NI-DAQ functions.

2. Set the Enabled property of the General DAQ Event control to 1
(True).

3. InvoketheGener al DAQEvent n. Ref r esh method to actually
set the DAQ Event in the NI-DAQ driver. Each subsequent
invocation of Gener al DAQEvent n. Ref r esh deletes the old
DAQ Event and sets a new one with the current set of properties.

4. Start an asynchronous data acquisition or generation operation.

5. Whenever the selected event occurs, the
Gener al DAQEvent n_Fi r e procedure will be called. You can
perform the necessary event processing within this procedure,
such as updating a global count variable, or toggling digital 1/0
lines.

The Gener al DAQEvent n_Fi r e procedure is prototyped as
follows:

Sub General DAQEventn_Fire (DoneFl ag As Integer, Scans As Long)

The parameter DoneFl ag equals 1 if the acquisition had completed
when the DAQ Event fired. Otherwise it is0. Scans equals the
number of the scan that caused the DAQ Event to fire.

For a detailed example of how to use the General DAQ Event custom
control in aVisual Basic program, please see the General DAQ Event
example at the end of the NI-DAQ Eventsin Visual Basic section.

Analog Trigger Event

Y ou use the Analog Trigger Event custom control to configure and
enable an analog trigger. See The Event Message Functions sections
earlier in this chapter for a definition of the analog trigger.

Table 3-2 lists the properties for the Analog Trigger Event control.

O National Instruments Corporation 3-11 NI-DAQ User Manual for PC Compatibles



Chapter 3 Software Overview

Table 3-2.  Analog Trigger Event Control Properties
Property Allowed Property Values
Nane General DA QEventn (default)
Boar d 1-n (default)
ChanStr SeeConfi g_DAQ Event Messageinthe
NI-DAQ Function Reference Manual
Level Single (voltage)
W ndowSi ze Single (voltage)
Sl ope 0—Positive (default)
1—Negative
Tri gSki pCount Long
PreTri gScans Long
Post Tri gScans Long
I ndex
Tag
Enabl ed 0—False (default)
1—True

The Analog Trigger Event requires that you set the asynchronous data
acquisition operation to use interrupts. For more information on
Analog Trigger Events, refer to the descriptions for the

Confi g_ATri g_Event _Message function in the NI-DAQ
Function Reference Manual.

Each of these properties should be set as follows:

Anal ogTri gger Event n.(property name) = (property value)

For example, to set the ChanStr property to Analog Input channel O for

Analog Trigger Event 1:

Anal ogTri gger Event 1. ChanStr = "Al 0"

NI-DAQ User Manual for PC Compatibles
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Y our program flow should look like this:

1. Set the properties of the Analog Trigger Event control. Also,
configure the acquisition or generation operations using the
appropriate NI-DAQ functions.

2. Set the Enabled property of the Analog Trigger Event control to 1
(True).

3. Invokethe Anal ogTri gger Event n. Ref r esh method to
actually set the Analog Trigger Event in the NI-DAQ driver. Each
subsequent invocation of Anal ogTri gger Event n. Ref r esh
deletes the old Analog Trigger Event and sets a new one with the
current set of properties.

Start an asynchronous data acquisition operation.

5. Whenever the Analog Trigger conditions are met, the
Anal ogTri gger Event n_Fi r e procedure will be called. You
can perform the necessary event processing within this procedure,
such as updating a global count variable, or toggling digital 1/0
lines.

The Anal ogTri gger Event n_Fi r e procedure is prototyped as

follows:
Sub Anal ogTri gger Eventn_Fire (DoneFlag As Integer, Scans As Long)

The parameter DoneFl ag equals 1 if the acquisition had completed
when the Analog Trigger Event fired. Otherwiseitis0. Scans equals
the number of the scan that caused the Analog Trigger Event to fire.

Analog Alarm Event

Y ou use the Analog Alarm Event custom control to configure and
enable an analog trigger. See The Event Message Functions sections
earlier in this chapter for a definition of the analog trigger.

Table 3-3 lists the properties for the Analog Alarm Event control.

Table 3-3.  Analog Alarm Event Control Properties

Property Allowed Property Values
Nane General DAQEventn (default)
Boar d 1-n (default)
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Table 3-3.  Analog Alarm Event Control Properties (Continued)

Property Allowed Property Values
ChanStr See Confi g_DAQ Event Message inthe
NI-DAQ Function Reference Manual
Hi ghAl ar m_evel Single (voltage)
LowAl ar nLevel Single (voltage)

H ghDeadbandW dt h Single (voltage)

LowDeadbandW dt h Single (voltage)

I ndex

Tag

Enabl ed 0—False (default)
1—True

The Analog Alarm Event requires that you set the asynchronous data
acquisition operation to use interrupts. For more information on
Analog Alarm Events, refer to the descriptions for the

Confi g_Al ar m Deadband function in the NI-DAQ Function
Reference Manual.

Each of these properties should be set as follows:
Anal ogAl ar nEvent n. (property name) = (property value)
For instance, to set the ChanStr property to Analog Input channel O for

Analog Alarm Event 1:
Anal ogAl ar nEvent 1. ChanStr = "Al 0"

Y our program flow should look like this:;

1. Set the properties of the Analog Alarm Event control. Also,
configure the acquisition or generation operations using the
appropriate NI-DAQ functions.

2. Set the Enabled property of the Analog Alarm Event control to 1
(True).

3. Invokethe Anal ogAl ar mEvent n. Ref r esh method to
actually set the Analog Alarm Event in the NI-DAQ driver. Each
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subsequent invocation of Anal ogAl ar nEvent n. Ref r esh
deletes the old Analog Alarm Event and sets a new one with the
current set of properties.

Start an asynchronous data acquisition operation.

Any one of the four following procedures can be called:

Anal ogAl ar m_Hi ghAl ar nOn,

Anal ogAl ar m_Hi ghAl ar nOf f,

Anal ogAl ar m_LowAl ar mOn, or

Anal ogAl ar m_LowAl ar mOf f . You can perform necessary
event processing within this procedure, such as updating a global
count variable, or toggling digital 1/0 lines.

The four Analog Alarm procedures are prototyped as follows:
Sub Anal ogAl arm_Hi ghAl arnOn (DoneFl ag As | nteger, Scans As Long)

Sub Anal ogAl arm_Hi ghAl arnOff (DoneFl ag As | nteger, Scans As Long)

Sub Anal ogAl ar mm_LowAl ar nOn (DoneFl ag As I nteger, Scans As Long)

Sub Anal ogAl armm_LowAl ar mOf f (DoneFl ag As | nteger, Scans As Long)

The parameter DoneFl ag equals 1 if the acquisition had completed
when the Analog Alarm Event fired. Otherwise it is 0. Scans equals
the number of the scan that caused the Analog Alarm Event to fire.

Using Multiple Controls

In general, a program may contain any number of General DAQ Event,
Analog Trigger Event, and Analog Alarm Event controls. Just like
regular Visual Basic controls, there are two ways you can place
multiple controls on a Visual Basic form:

1.

2.

O National Instruments Corporation

Y ou can create control arrays by means of copying and pasting a
control that already exists on the form. Each individual element in
the control array will then be distinguished by the | ndex
property, and the event procedures will have an extra parameter

I ndex as | nteger. Thefirst element will havel ndex =0,
the second element will havel ndex =1, and soon. Youwill only
have one procedure for each type of event custom control,
however, you can determine which control array element caused
the event to occur by examining the | ndex property.

Y ou can simply place multiple controlsfrom the Visual Basic Tool
Box on to the form. Each individual custom control of the same
type will then be distinguished by the number after the nane of
the custom control, such as Gener al DAQEvent 1,
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Gener al DAQEvent 2, and so on. Consequently, you will have
separate procedures for each one of the custom controls, such as
CGener al DAQEvent 1_Fire, Gener al DAQEvent 2_Fire,
and so on.

General DAQ Event Example

The following steps provide an outline of how to use the General DAQ
Event custom control inaVisual Basic program. A working knowledge
of Visual Basic is assumed; otherwise, this example is complete. For
brevity, error checking is not shown.

To use the General DAQEvent custom control, you must first
include the proper VBX file in the project window. From the File

NI - EV100. VBXin the\ W NDOWS\ SYSTEMdirectory. After

To place the General DAQEvent custom control into your form, go
to the tool box window and select the General DA QEvent tool,
which says “DAQ EVENT” on it. Click somewhere on the form,
and while holding down the mouse button, drag the mouse to place
the control onto theform. Y ou will seealittle icon, which will not

1
menu, select the Add File option. Look for the file
selecting the proper file, click on the OK button.
2.
appear in runtime.
3.

To set up aDAQ Event that notifies you after every N scans (DAQ
Event #1), unless you decide to make N very large, set the device
analog inputs to use interrupts by using the

Set DAQ Devi ce_I nf o function. The constants used in this
function come from NI DAQCNS. | NC. See the function
description for Set _DAQ Devi ce_|I nf o inthe NI-DAQ
Function Reference Manual for PC Compatibles and the
Programming Language Considerations section in Chapter 1,
Using the NI-DAQ Functions, of the NI-DAQ Function Reference
Manual for PC Compatibles for more information. Y ou must also
configure some parameters so that the General DAQEvent can
occur when it needs to. In the Form_Load event routine, add the
following code to what is already there:

er% = Set _DAQ Device_Info(1l, ND_DATA XFER MODE_Al, ND_| NTERRUPTS)

' set Al to use INTR

Cener al DAQEvent 1. Board = 1 ' assunme Device 1

Gener al DAQEvent 1. DAQEvent = 1
Gener al DAQEvent 1. DAQTri gVal 0 = 1000
Cener al DAQEvent 1. Enabl ed = True
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4. Next, you need to start some asynchronous operation. Use the
NI-DAQ function DAQ_St ar t . Set up your program so it does a
DAQ _St art on channel 0 when you click on a button you have
placed on your form. To do so, add the following code in the
Commandl_Cl i ck () subroutine asfollows:

ReDI M buf f er % 10000)

Gener al DAQEvent 1. ChanStr = "AIO'

Gener al DAQEvent 1. Refresh ‘ refresh to set parans
er% = DAQ Start(1, 0, 1, buffer%O0), 10000, 3, 10)

5. Next, you need to define what to do when the DAQ Event occurs.
Inthisexample, wewill simply update atext box upon every 1,000
scans, and also when the whole acquisition is done. Y ou should
place a text box on your form. It will automatically be named
“Text 1". Go to the code window, pull down on the Object combo
box, and select GeneralDAQEvent1. The only Proc for this
control object is Fire. Within the subroutine, enter the following
code:

I f (DoneFlag % <> 1) Then

Text 1. Text = Str$(Scans&) +” scans have been acquired.”
El se

Text1l. Text = “Acquisition is conplete!”

er% = DAQ Cl ear (1)
End If

6. You must make sure that you stop any ongoing acquisition when
you stop the program. To do so, call the DAQ _Cl ear function
before the End statement in the subroutine Command2_Cl i ck
() - You will need to place another button on your form and label
it “Exit”. The subroutine should have code as follows:

er% = DAQ Cl ear (1)
End

7. Run the program. Because you are not going to display the data
onto agraph, it really does not matter what the data is; however,
when you click on the Click M e! button, you should see the text
box update its contents every second. After all the scans are
acquired, you should see the text box display a completion
message. If you run into errors, refer to the NI-DAQ Function
Reference Manual for guidance.

8. Click on the Exit button to stop the program.
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The Analog Input Function Group

The Analog Input function group contains two sets of functions—the
One-Shot Analog Input functions, which perform single A/D
conversions, and the Data Acquisition functions, which perform
multiple clocked, buffered A/D functions. Within the Analog Input
functions, there are two sets—single-channel Analog Input (Al )
functions, which perform single A/D conversions on one channel, and
multiple-channel Analog Input (MAI ) functions, which perform single
A/D conversions that are simultaneously sampled on a group of
channels. Within the Data Acquisition functions, there are four sets—
high level, low level, low-level double buffered, and MDAQ.

If you are using SCXI analog input modules (other than the
SCX1-1200) you must use the SCXI functions first to program the
SCXI hardware. Then you can use these functions to acquire the data
using your DAQ device or SCX1-1200 module.

The One-Shot Analog Input Functions

The Single-Channel Analog Input Functions

Y ou use the single-channel Analog Input functions for analog input on
an MIO and Al device, aLab-PC+, a PC-LPM-16, a DAQCard-500, a
DAQCard-700, an SCX1-1200, a DAQPad-1200, or a DAQCard-1200:

Al _Check Returns the status of the analog input
circuitry and an analog input reading if
oneisavailable. Al _Check is
intended for use when A/D
conversions are initiated by external
pulses applied at the appropriate pin;
see the DAQ_Confi g sectionin
Chapter 2, Function Reference, of the
NI-DAQ Function Reference Manual
for PC Compatiblesfor information on
enabling external conversions.

Al _Cl ear Clears the analog input circuitry and
empties the FIFO memory.

Al _Configure Informs NI-DAQ of the input mode
(single-ended or differential), input
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Al _Read
Al _Setup
Al _VRead
Al _VScal e
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range, and input polarity selected for
the device. Y ou must use this function
if you change the jumpers affecting the
analog input configuration from their
factory settings. For the E Series
devices, AT-MIO-16F-5,
AT-MIO-64F-5, and AT-MI0O-16X,
which have no jumpers for analog
input configuration, this function
programs the device for the desired
settings. For the E Series devices,
AT-MIO-64F-5, and AT-MI0O-16X,
you can configure the input mode and
polarity on a per channel basis. You
also use Al _Conf i gur e to specify
whether to drive AISENSE to onboard
ground.

Configures the number of multiplexer
(AMUX-64T) devices connected to the
MIO and Al device and informs
NI-DAQ of the presence of any
AMUX-64T devices attached to the
system. This function applies only to
the M1O and Al devices.

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

Selects the specified analog input
channel and gain setting for externally
pulsed conversion operations.

Reads an analog input channel
(initiates an A/D conversion on an
analog input channel) and returns the
result scaled to a voltage in units of
volts.

Converts the binary result from an
Al _Read call to the actual input
voltage.
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Single-Channel Analog Input Application Hints

All of the NI-DAQ functions described in this section are for
nonbuffered single-point analog input readings. For buffered data
acquisition, consult The Data Acquisition Functions section later in
this chapter.

Two of the Al functions are related to device configuration. If you
have changed the device jumper settings from the factory-default
settings or want to reprogram the E Series devices, AT-M10-16F-5,
AT-MIO-64F-5, and AT-MIO-16X, call Al _Confi gur e at the
beginning of your application to inform NI-DAQ about the changes.
Furthermore, if you have connected multiplexer devices (AMUX-64T)
to your M10O and Al devices, call Al _Mux_Conf i g once at the
beginning of your application to inform NI-DAQ about the multiplexer
devices.

For most purposes, Al _VRead is the only function required to
perform single-point analog input readings. Y ou can use Al _Read
when unscaled data is sufficient or when extra time taken by

Al _VRead to scale the data is detrimental to your applications. Y ou
can useAl _VScal e to convert the binary valuesto voltages at alater
timeif desired. See Figure 3-1 for the function flow typical of single-
point data acquisition.

When using SCX1 as afront end for analog input to an M10O and Al
device, Lab-PC+, SCX1-1200, DAQPad-1200, DAQCard-1200,
DAQCard-700, or PC-LPM-16, it is not advisable to use the

Al _VRead function because that function does not take into account
the gain of the SCXI| module when scaling the data. Y ou should usethe
Al _Read function to obtain the unscaled data, then call the

SCXI _Scal e function using both the gain of the SCXI module and
the gain of the DAQ device.
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Change analog input
default configuration

Al _Configure '

¢ Add AMUX-64T

configuration

Yes No

Retrieve an analog Retrieve an analog
reading in terms of a reading in terms of
binary value voltage

Al _Read ' Al _VRead '
| |

Yes

Another reading?

Iz

Figure 3-1. Single-Point Analog Reading with Onboard Conversion Timing

When accurate sample timing is important, you can use external
conversion pulseswith Al _Cl ear, Al _Set up, and Al _Check to
sampleyour signal on the anal og input channels. See Figure 3-2 for the
function flow typical of single-point data acquisition using external
conversion pulses. However, this method will work only if your
computer is faster than the rate of conversion pulses. For high-speed
data acquisition, consult The Data Acquisition Functions section later
in this chapter for interrupt and DMA-driven data acquisition.
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When using SCX| analog input modules, use the SCX | functionsto set
up the SCXI chassis and modules before using the Al functions
described in Figures 3-1 and 3-2.

Change analog input
default configuration

Al _Configure '

Add AMUX-64T
configuration

Al _Mux_Config

Clean up onboard FIFO
memory for new conversion

Select an analog input
channel
Al _Set up
> Check for new data in
FIFO memory

Al _iheck '

Yes

Another reading?

I

Figure 3-2. Single-Point Analog Reading with External Conversion Timing

The Single-Scan Analog Input Functions

Y ou use the following functions for single-scan analog input
operations with the EISA-A2000, AT-A2150, and AT-DSP2200
analog input boards:

MAI _Arm Enables/disables the board to take a
sample of selected input channels
whenever an external pulse on the
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SAMPCLK* input or the CLOCKI
RTSI businput is received. The
function stores the data in the A/D
FIFO of the board for later retrieval by
MAI _Read. Thisfunctionisused only
by the EISA-A2000.

MAI _Cl ear Clearsthe A/D FIFO and related
analog input circuitry.

MAI _Coupl i ng Selects AC or DC coupling for all
channels with programmable AC/DC
coupling.

MAlI _Read Returnsareading for all of the selected

analog input channels. If you use an
external sample clock and have called
MAI _ Ar m this function returns
samples generated by previous sample
clock pulses; otherwise, this function
clearsthe A/D FIFO, generatesan A/D
conversion pulse, and returns the
samples produced by this pulse.

MAI _Scal e Given an array of acquired data,
MAI _Scal e convertsthevaluesinthe
array to the actual voltage values
measured.

MAI _Set up Selectsthe analog input channelsread,
sets the gain per channel, and sets the
multiplexing rate between channelsfor
all analog input operations.

MAI _Set up affects single-read,
multiple-channel analog input (MAI )
and multiple-channel data acquisition
(MDAQ) operations.

The MAI functions perform single A/D conversions simultaneously
sampled on a group of channels.

Single-Scan Analog Input Application Hints

For most operations, MAl _Read isthe only function required to
perform a single scan of all the analog input channels. Use
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MAI _Scal e to subsequently convert the binary values to voltage
values. Use MAI _Set up to change the analog input channels
monitored. Use MAI _Coupl i ng to select AC or DC coupling on the
analog input channels.

The default settings for analog input with the EISA-A2000 are as
follows:

e AC coupling on all input channels
»  Four analog input channels (channels 0 through 3) selected
e Internal, onboard sample clock used

The default settings for analog input with the AT-A2150 are as
follows:

* DC coupling on all input channels

e Four analog input channels (channels 0 through 3) selected

e Internal, onboard sample clock used

The default settings for analog input with the AT-DSP2200 are as
follows:

e DC coupling on all input channels

e Two analog input channels (channels 0 and 1) selected

» Internal, onboard sample clock used

Figure 3-3 shows the function flow typical of single-scan analog input
readings.
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( MAI _Coupl i ng '

—
% ( MAI _Read '

< I

L_( MAI _Scal e '

Figure 3-3. Function Flowchart for Single-Scan Analog Input Readings

After startup or aboard reset, the MAI _Read function returns a
reading from all available analog input channels. The MAlI _Set up
step is hecessary only if the number of channels needed is different
than the default. The MAI _Scal e step is 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

Y ou implement buffered, multiple-channel anal og input with the MDAQ
functions described later in this chapter. Y ou can also use

MAI _Coupl i ng, MAI _Set up, MAI _Ar m and MAI _Scal e with
the MDAQ functions.

Externally Clocked Analog Input with the EISA-A2000

Use MAI _Ar m and MAI _Cl ear only for externally clocked
sampling. Use A2000_Conf i g to select an external sample clock. If
you use the CLOCKI input of the RTSI bus, call RTSI _Conn at this
time to make the connection. Otherwise, use the SAMPCLK* input of
the 1/0O connector. Use MAI _Ar mto enable the EISA-A2000 to sample
its inputs and save the readings in the A/D FIFO whenever it receives
asample clock edge. Call MAI _Read to retrieve the readings.

MAI _Read returns the earliest sample in the A/D FIFO for the
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channels selected, or an error if no readings are present. Use

MAI _Cl ear at any timeto clear the A/D FIFO and any error
conditions. Y ou can use MAI _Ar magain to disable externally clocked
analog input. In Figure 3-4, the pul ses are received at the SAMPCLK*
input.

A2000_Config '
MAI _Coupl i ng '
[ MAI _C ear '
[ MAI _Set up '
MAI _Arm
| > >¢
T MAI _Read '

< I

v
T<—| MAI _Scal e '

Figure 3-4. Flowchart for an Externally Clocked Analog Input

MAI _Coupl i ng, MAI _Set up, and MAI _Scal e are optional calls.
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Use the SCAN, DAQ, Lab, and DAQ_DB functions with the following

analog input devices:
» DAQCard-500

+ DAQCard-700

+ DAQCard-1200
»  DAQPad-1200

+ Lab-PC+

« MIOand Al devices
e« PC-LPM-16

» SCXI-1200

The High-Level Data Acquisition Functions

These high-level data acquisition functions are synchronous calls that
acquire data and return when data acquisition is compl ete.

DAQ_Op
DAQ to_Di sk
Lab_I SCAN_Op

O National Instruments Corporation
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Performs a synchronous, single-
channel data acquisition operation.
DAQ_Op doesnot return until NI-DAQ
has acquired all the data or an
acquisition error has occurred.

Performs a synchronous, single-
channel data acquisition operation and
saves the acquired datain a disk file.
DAQ t o_Di sk does not return until
NI-DAQ has acquired all the data and
saved or an acquisition error has
occurred.

Performs a synchronous, multiple-
channel scanned data acquisition
operation. Lab_| SCAN_Op does not
return until NI-DAQ has acquired all
the data or an acquisition error has
occurred (DAQCard-500,
DAQCard-700, DAQCard-1200,
DAQPad-1200, Lab-PC+,
PC-LPM-16, and SCX1-1200 only).
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Lab_| SCAN to_Di sk

SCAN_Op

SCAN_to_Di sk

Performs a synchronous, multiple-
channel scanned data acquisition
operation and simultaneously savesthe
acquired datain adisk file.

Lab_| SCAN t o_Di sk does not
return until NI-DAQ has acquired all
the data and saved or an acquisition
error has occurred (DAQCard-500,
DAQCard-700, DAQCard-1200,
DAQPad-1200, Lab-PC+,
PC-LPM-16, and SCX1-1200 only).

Performs a synchronous, multiple-
channel scanned data acquisition
operation. SCAN_Op does not return
until NI-DAQ has acquired all the data
or an acquisition error has

occurred (MIO and Al devices only).

Performs a synchronous, multiple-
channel scanned data acquisition
operation and simultaneously savesthe
acquired datain adisk file.

SCAN_t o_Di sk does not return until
NI-DAQ has acquired all the data and
saved or an acquisition error has
occurred (MI1O and Al devices only).

The Low-Level Data Acquisition Functions

These functions are low-level primitives used for setting up, starting,
and monitoring asynchronous data acquisition operations.

DAQ Check

DAQ Cl ear
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Checks if the current data acquisition
operation is complete and returns the
status and the number of samples
acquired to that point.

Cancels the current data acquisition
operation (both single-channel and
multiple-channel scanned) and
reinitializes the data acquisition
circuitry.
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DAQ Confi g

DAQ Moni t or

DAQ Rat e

DAQ Start

DAQ St opTri gger _

Config

DAQ VScal e

Lab_| SCAN Check
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Stores configuration information for
subsequent data acquisition
operations.

Returns data from an asynchronous
data acquisition in progress. During a
multiple-channel acquisition, you can
call DAQ Moni t or to retrieve data
from asingle channel or from all
channels being scanned. Using the
Oldest/Newest mode, you can specify
whether DAQ _Moni t or returns
sequential (oldest) blocks of data, or
the most recently acquired (newest)
blocks of data.

Converts a data acquisition rate into
the timebase and sample-interval
values needed to produce the desired
rate. This function also supports the
EISA-A2000.

Initiates an asynchronous, single-
channel data acquisition operation and
storesitsinput in an array.

Enables the pretrigger mode of data
acquisition and indicates the number
of data points to acquire after you
apply the stop trigger pulse at the

appropriate pin.

Converts the values of an array of
acquired binary data and the gain
setting for that data to actual input
voltages measured.

Checks if the current scan data
acquisition operation begun by the
Lab_|I SCAN_ St art functionis
complete and returns the status, the
number of samples acquired to that
point, and the scanning order of the
channels in the data array
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Lab | SCAN Start

SCAN_Demux

SCAN_Sequence_Demux

SCAN_Sequence_
Retri eve

SCAN_Sequence_Set up

SCAN_Set up
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(DAQCard-500, DAQCard-700,
DAQCard-1200, DAQPad-1200,
Lab-PC+, PC-LPM-16, and
SCX1-1200 only).

Initiates a multiple-channel scanned
data acquisition operation and stores
itsinput in an array (DAQCard-500,
DAQCard-700, DAQCard-1200,
DAQPad-1200, Lab-PC+,
PC-LPM-16, and SCX1-1200 only).

Rearranges, or demultiplexes, data
acquired by a SCAN operation into
row-major order (that is, each row of
the array holding the data corresponds
to ascanned channel) for easier access
by C applications. SCAN_Denux does
not need to be called by BASIC
applications to rearrange two-
dimensional arrays because these
arrays are accessed in column-major
order.

Rearranges the data produced by a
multirate acquisition so that all the data
from each channel is stored in adjacent
elements of your buffer.

Returns the scan sequence created by
NI-DAQ as aresult of a previous call
to SCAN_Sequence_Set up.

Initializes the device for a multirate
scanned data acquisition operation.
Initialization includes selecting the
channels to be scanned, assigning
gains to these channels, and assigning
different sampling rates to each
channel by dividing down the base
scan rate.

Initializes circuitry for a scanned data
acquisition operation. Initialization
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includes storing a table of the channel
sequence and gain setting for each
channel to be digitized (M10 and Al
devices only).

Initiates a multiple-channel scanned
data acquisition operation, with or
without interval scanning, and stores
itsinput in an array (MO and Al
devices only).

The Low-Level Double-Buffered Data Acquisition

Functions

These functions are low-level primitives used for setting up and
monitoring asynchronous double-buffered data acquisition operations:

DAQ DB_Confi g

DAQ DB Hal f Ready

DAQ DB Str Transfer

O National Instruments Corporation
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Enables or disables double-buffered
data acquisition operations.

Checks whether the next half buffer of
datais available during a double-
buffered data acquisition. Y ou can use
DAQ DB Hal f Ready to avoid the
waiting period that can occur because
the double-buffered transfer functions
(DAQ DB Transfer and

DAQ DB_St r Tr ansf er) wait until
the data is ready before retrieving and
returning it.

Transfersdatafrom acircular buffer to
a character buffer or aBASIC string
during a double-buffered acquisition
and waits until the datato be
transferred is available before
returning. DAQ DB _Str Tr ansf er
isintended for BASIC applications
using double-buffered data acquisition
where data is streamed-to-disk asit is
acquired. Y ou can then write the string
to adisk file using the BASIC PUT
statement.
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DAQ DB_Tr ansf er Transfers half of the data from the
buffer being used for double-buffered
data acquisition to another buffer,
which is passed to the function, and
waits until the data to be transferred is
available before returning. You can
execute DAQ _DB_Tr ansf er
repeatedly to return sequential half
buffers of the data.

Data Acquisition Application Hints

Counter/Timer Signals on the Lab-PC+, SCXI-1200, DAQPad-1200, and
DAQCard-1200

For the Lab-PC+, SCX1-1200, DAQCard-1200, and DA QPad-1200,
counter A2 produces the total sample interval for data acquisition
timing. However, if the total sampleinterval is greater than 65,535 ps,
counter BO generates the clock for a slower timebase, which counter
A2 uses for the total sampleinterval. Thus, thel CTR_Set up and

I CTR_Reset functions cannot use counter BO for the duration of the
data acquisition operation.

In addition, the Waveform Generation functions cannot use counter BO
if the total update interval for waveform generation is also greater than
65,535 us and counter BO must produce a timebase for waveform
generation that is different from the timebase counter BO produced for
dataacquisition. If waveform generation isnot in progress, counter BO
is available for data acquisition if you have made no | CTR_Set up
call on counter BO since startup or you have made an | CTR_Reset
call on counter BO. If waveform generation isin progress and is using
counter BO to obtain the timebase required to produce the total update
interval, counter BO is available for data acquisition only if this
timebase isthe same as that required by the Data A cquisition functions
to produce the total sample interval. In this case, counter BO provides
the same timebase for data acquisition and waveform generation.

Counter/Timer Signals on the DAQCard-500, DAQCard-700, and
PC-LPM-16

For the DAQCard-500, DAQCard-700, and PC-LPM-16, counter O
produces the sample interval for data acquisition timing. If data
acquisition is not in progress, you can call the | CTR functions to use
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counter 0 as a general -purpose counter. Because the CLOCKO input is
connected to a1 MHz oscillator, the timebase for counter O is fixed.

External Multiplexer Support (AMUX-64T)

Y ou can expand the number of analog input signals that the MIO and
Al devices can measure with an external multiplexer device
(AMUX-64T). See The AMUX-64T External Multiplexer Device of
Chapter 2, Hardware Overview, for more information on using the
AMUX-64T with your MIO and Al device. See the AMUX-64T User
Manual for more information on the external multiplexer device.

Basic Building Blocks

Most of the buffered data acquisition applications are made up of four
building blocks, as shown in Figure 3-5. However, depending on the
specific devices and applications you have, the NI-DAQ functions that
make up each building block vary. Typical applications may include
these NI-DAQ functions in each of their four building blocks.

[ Configuration '
'

( Start '
'

( Checking '
'

Cleaning up '

Figure 3-5. Buffered Data Acquisition Basic Building Blocks

When using SCX| analog input modules, use the SCX | functionsto set
up the SCXI chassis and modul es before using the Al , DAQ, SCAN, and
Lab_I SCAN functions shown in the following flowcharts.
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Building Block 1: Configuration

Five configuration functions are available for creating the first
building block, as shown in Figure 3-6. However, you do not have to
call all five functions every time you start a data acquisition.

Alter low-level board
configuration such as
analog input mode

Al _Configure '

Add AMUX-64T
Configuration

( Al _Mux_Config '

¢ Alter posttrigger and

external conversion modes

DAQ Confi g '

¢ Alter pretrigger mode

DAQ St opTri gger _Config '

¢ Alter double-buffered mode

[ DAQ DB Config .

Figure 3-6. Buffered Data Acquisition Application Building Block 1, Configuration

NI-DAQ always records the device configurations and the default
configurations. (Seethel ni t _DA Br ds description in the NI-DAQ
Function Reference Manual for device default configurations.)
Therefore, if you are satisfied with the default or the current
configurations of your devices, your configuration building block will
be empty, and you can go on to the next building block, Start.
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Building Block 2: Start

NI-DAQ has high-level and low-level start functions. The high-level
start functions are as follows:

« DAQ Op
* SCAN_Op (MIO and Al devices only)

 Lab_I SCAN_Op (DAQCard-500, DAQCard-700,
DAQCard-1200, DAQPad-1200, L ab-PC+, PC-LPM-16, and
SCX1-1200 only)

« DAQ to_Disk
e SCAN to_Di sk (MIO and Al devices only)

e Lab_| SCAN to_Di sk (DAQCard-500, DAQCard-700,
DAQCard-1200, DAQPad-1200, L ab-PC+, PC-LPM-16, and
SCX1-1200 only)

A high-level start call initiates data acquisition but does not return to
the function caller until the data acquisition is complete. For that
reason, you do not need the next building block, Checking, when you
use high-level start functions.

The major advantage of the high-level start functions is that they are
simple. A single call can give you a buffer full or adisk full of data.
However, if your application is acquiring data at avery slow rate or is
acquiring alot of data, the high-level start functions may tie up the
computer for a significant amount of time. Therefore, NI-DAQ has
some low-level (or asynchronous) start functions that initiate data
acquisition and return to the function caller immediately.
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Asynchronous start functions include DAQ St art, SCAN_St art,
and Lab_| SCAN_St art functions. Figures 3-7 and 3-8 show how
the start calls make up building block 2.

sample timebase and
sample interval

( DAQ Rat e )

‘ Convert sampling rate to

'

Yes No
Sample multiple

channels?

Select channels and their gain
for multiple-channel scanning

( SCAN_Set up ) Initiate single-channel
data acquisition
Initiate multiple-channel ‘ ( DAQ Start )
data acquisition

( SCAN Start )

'

Figure 3-7. Buffered Data Acquisition Application Building Block 2, Start, for the MIO and Al Devices
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If your device supports multirate scanning (scanning different channels
at different rates), you can use SCAN_Sequence_Set up instead of
SCAN_Set up in building block 2.

sample timebase and

Convert sampling rate to
sample interval

( DAQ Rat e '

Yes No

Sample multiple
channels?

Initiate multiple-channel Initiate single-channel
data acquisition data acquisition

Lab_| SCAN Start ' DAQ Start '

Figure 3-8. Buffered Data Acquisition Application Building Block 2, Start, for the Lab-PC+, DAQCard-500, DAQCard-
700, PC-LPM-16, SCXI-1200, DAQPad-1200, and DAQCard-1200

When you have the asynchronous start calls in your building block 2,
the next building block, Checking, will be very useful for finding out
the status of the ongoing DAQ process.

Building Block 3: Checking

DAQ _Check and Lab_I SCAN_Check shown in Figures 3-9 and
3-10 are simple and quick ways to check the ongoing DAQ process.
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This call is often put in awhile loop so that the application can
periodically monitor the DAQ process.

Check ongoing single or
multiple-channel
DAQ status

o

1 DAQ Check .

No Data acquisition

complete?

Yes

Figure 3-9. Buffered DAQ Application Building Block 3, Checking, for the MIO
and Al Devices

Yes No

Sample multiple
channels?

Check ongoing multiple-channel Check ongoing single-channel
| data aquisition status \ data aquisition status

Lab_| SCAN Check ' DAQ Check '

+

Figure 3-10. Buffered Data Acquisition Application Building Block 3, Checking, for the Lab-PC+, DAQCard-500,
DAQCard-700, PC-LPM-16, SCXI-1200, DAQPad-1200, and DAQCard-1200

NI-DAQ User Manual for PC Compatibles 3-38 O National Instruments Corporation



Chapter 3 Software Overview

However, if theinformation provided by DAQ_Check does not satisfy
your needs, DAQ _Moni t or or the double-buffered functions may be
a better choice. With DAQ_Mbni t or , you can not only monitor the
DAQ process but also retrieve a portion of the acquired data. With the
double-buffered functions, you can retrieve half of the data buffer at a
time. Double-buffered functions are very useful when your application
has a real-time strip chart displaying the incoming data.

Building Block 4: Cleaning Up

The purpose of this building block is to stop the data acquisition and
free any system resources (such as DMA channels) used for the data
acquisition. DAQ_Cl ear isthe only function needed for this building
block and is automatically called by the check functions described in
the previous building block when the data acquisition is complete.
Therefore, you can eliminate thislast building block if your application
continuously calls the previously described check functions until the
data acquisition is complete.

Note: DAQ d ear does not alter the device configurations made by building
block 1.

Double-Buffered Data Acquisition

The double-buffered (DAQ_DB) DataAcquisition functionsreturn data
from an ongoing data acquisition without interrupting the acquisition.
These functions use a double, or circular, buffering scheme that
permits half buffers of datato be retrieved and processed as the data
becomes available. By using a circular buffer, you can collect an
unlimited amount of data without needing an unlimited amount of
memory. Double-buffered data acquisition is useful for applications
such as streaming data to disk and real-time data display.

Initiating double-buffered data acquisition requires some simple
changes to the first and third basic building blocks, Configuration and
Checking, respectively.

In building block 1, turn on double-buffered mode data acquisition
through the DAQ_DB_Conf i g call. Notice that after double-buffered
mode is enabled, all subsequent data acquisitions will be in double-
buffered mode.

In building block 3, different checking functions are needed. Figure
3-11 shows a simple way to monitor the data acquisition in progress
and to retrieve data when they are available.
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For further details on double-buffered data acquisition, consult
Chapter 6, NI-DAQ Double Buffering.

Check for next half
buffer availability

1 DAQ DB_Hal f Ready .

Next half buffer
ready for transfer?

\es Retrieve half of the data in
the data acquisition buffer

( DAQ DB_Transf er '

Data acquisition
complete?

§ s

Figure 3-11. Double-Buffered Data Acquisition Application Building Block 3, Checking

Multirate Scanning

Y ou can use multirate scanning to scan multiple channels at different
scan rates and acquire the minimum amount of data necessary for your
application. Thisisparticularly useful if you are scanning very fast and
want to write your data to disk, or if you are acquiring large amounts
of data and want to keep your buffer size to a minimum.

Multirate scanning is a hardware-dependent feature that is
implemented for the AT-MI10-16F-5, AT-MI10-64F-5, AT-MIO-16X,
and all E Series devices.
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Multirate scanning works by scanning each channel at aratethat isa
fraction of the specified scan rate. For example, if you want to scan
four channels at 6,000, 4,000, 3,000, and 1,000 scans per second, you
specify a scan rate of 12,000 scans per second and a scan rate divisor
vector of 2, 3, 4, and 12.

NI-DAQ includes three functions for multirate scanning:

e SCAN_Sequence_Set up

» SCAN _Sequence_Retrieve

e SCAN_Sequence_Denux

You can use SCAN_Sequence_Set up to identify the channels to
scan, their gains, and their scan rate divisors. After the dataisacquired,

use SCAN_Sequence_Retri eve and SCAN_Sequence_Denux
to arrange the data into a more convenient format.

Figure 3-12 shows how to use the multirate scanning functionsin
conjunction with other NI-DAQ functions.
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'

Convert sampling rate to sample
timebase and sample interval; convert scan
rate to scan timebase and scan interval

( SCAN_Sequence_Set up )

'

Allocate your buffer using the
values returned by
SCAN_Sequence_Set up
in the scansPerSequence and
samplesPerSequence output

( DAQ Rat e )
Select channels and their gains
and scan rate divisors

variables.

'

Retrieve the scan sequence vector
for use in the SCAN_Sequence_Denux

( SCAN_Sequence_Retrieve )

function

'

Initiate multiple-channel
data acquisition

( SCAN_St ar t

)

Check ongoing
data acquisition status

Data acquisition
complete?

Yes

Rearrange the data in your data acquisition buffer
so that all data from each channel is stored
in adjacent elements of your buffer

( SCAN_Sequence_Dernux )

'

NI-DAQ User Manual for PC Compatibles

Figure 3-12. Multirate Scanning

3-42

O National Instruments Corporation




Chapter 3 Software Overview

The MDAQ Functions

Use the following functions for multiple-channel buffered data
acquisition operations on the EISA-A2000, AT-A2150, and
AT-DSP2200:

MDAQ Check Reports the current status of the data
acquisition—whether the data
acquisition is complete—and the
number of acquired frames and scans.

MDAQ Cl ear Stops data acquisition, and releases
internal resources so that your
application can successfully terminate.

MDAQ_Get Transfers acquired data from the
acquisition buffer into the buffer you
specified while data acquisition isin
progress or after data acquisition is
complete. MDAQ_Get can retrieve
data from anywhere in the acquisition
buffer.

MDAQ ScanRat e Selects the data acquisition scan rate—
the rate at which all selected input
channels are sampled.

MDAQ Set up Selects how much data to buffer in
memory, how much datato acquire for
each trigger, and whether the
acquisition is scan oriented or frame
oriented.

MDAQ St art Starts a multiple-channel data
acquisition operation.

MDAQ St op Stops the data acquisition but leaves
all settingsin effect.

MDAQ St r Get This function is the same as
MDAQ Get butisintended for use
with BASIC applications to retrieve
data and save the data on disk through
the BASIC PUT statement.
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MDAQ Tri g_Del ay Selectsthe timeto delay after atrigger
is received before acquiring data
(Posttrigger mode only).

MDAQ Tri g_Sel ect Selects the trigger source and
configures the analog and digital
trigger conditions.

MDAQ Application Hints

The MDAQfunctions perform both single-channel and multiple-channel
data acquisition operations. The following terminology is used to
describe the MDAQ functions:

« A frameisaset of samples acquired from all selected channels
with each trigger. The number of samples per frame is equal to
(pretrig_scans + posttrig_scans) * number of channels selected.

» A scanisone sample from each of the selected analog input
channels. A scan can consist of 1, 2, or 4 samples.

« Thescan_interval isthetime between theinitiation of consecutive
scans. The scan_interval is equivalent to the interval between
samples on a given channel.

e Thepretrig_scansis the number of scans to acquire before the
trigger.

» The posttrig_scans is the number of scans to acquire after the
trigger.

For both single read analog input and data acquisition, MAI _Set up
selects the anal og input channels to be sampled and MAI _Coupl i ng
selects AC or DC coupling for all inputs.

Frame-Oriented and Scan-Oriented Data Acquisition

Y ou can perform data acquisition with the EISA-A2000, AT-A2150,
and AT-DSP2200 in two modes—frame-oriented data acquisition or
scan-oriented data acquisition. The scansOr Frames parameter in
MDAQ_Set up determines which mode is used.

In frame-oriented data acquisition mode, the device acquires multiple
frames. The device acquires a frame each time the device 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_Set up configuresthe frame
size and the number of pretrigger and posttrigger scans. MAl _Set up
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selects the analog input channels and MDAQ_ScanRat e configures

the acquisition rate. Using the MDAQ_St ar t function, you can either
specify anumber of framesto be acquired, or the device can acquire an
unlimited number of frames until you stop acquisition (MDAQ_St op).

The scan-oriented data acquisition mode is a posttrigger, single-frame
data acquisition case. After the device receives atrigger, the device
acquires either a specified number of scans before the acquisition is
automatically stopped, or an unlimited number of scans until you stop
the acquisition. If you specify afinite number of scans, this number can
be larger than the frame size. The scan-oriented mode is useful for
streaming data to disk using MDAQ GCet .

Configuring the Trigger Conditions

The MDAQ_Set up, MDAQ Tri g_Sel ect, and

MDAQ Tri g_Del ay functions configure the acquisition triggering
conditions. The EISA-A2000, AT-A2150, and AT-DSP2200 have both
digital and analog triggering capability. The selection and enabling of
the triggersis performed in MDAQ Tri g_Sel ect, and this function
can arm both the analog and the digital trigger, as well as disable both
triggers (thereby configuring a software-triggered acquisition). When
the acquisition is in posttrigger mode, the MDAQ Tri g_Del ay
function can set a delay between the trigger and the conversion of the
first scan.

Stopping Data Acquisition

MDAQ St op or MDAQ Cl ear can halt data acquisition in progress.
Thisis necessary when continuously scanning or when gathering an
unlimited number of frames. MDAQ_St op does not affect any datastill
present in the A/D FIFO (only the EISA-A2000 and the AT-A2150
have FIFOs), does not prepare the system for the termination of your
application, and maintainsthe full functionality of the MDAQ_Get call.
MDAQ St op is useful to simply stop the acquisition to change one or
more of the acquisition settings and then restart the acquisition.
Remember that changing the number of channels scanned affects the
size of both the acquisition buffer and the buffer used in the

MDAQ Get call. MDAQ Cl ear prepares the system for terminating
the application. In addition to halting the acquisition, MDAQ Cl ear
clears the A/D FIFO and releases certain internal buffers and system
resources. One result is that the MDAQ Get call is unable to unwrap
pretrigger data. Y ou should always call MDAQ_Cl ear before your
application terminates.
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Using Onboard AT-DSP2200 Memory

The AT-DSP2200 can store incoming analog input in its own onboard
memory. To do this, you must allocate a buffer of onboard memory
using the NIl _DAQ_Mem Al | oc function or the DSP memory
allocation call in the NI-DSP library. Y ou can use the DSP memory
handle as the acqBuffer in MDAQ_Set up or the getBuffer in
MDAQ_Get . Storing analog input data on the AT-DSP2200 board
makes sense when an NI-DSP function isto operate on the DSP board.
The AT-DSP2200 can also translate analog input data into floating-
point format and sort the data by channel asit is written to onboard
DSP memory.

Typical MDAQ Function Usage

A typical function order needed to start an acquisition is as follows:
1. MAI _Coupl i ng to select coupling on input channels

2. MAI _Set up to select the number of channels to monitor

3. MDAQ_Set up to select frame size and the number of pretrigger
and posttrigger scans

4. MDAQ_ ScanRat e to select acquisition rate
5. MDAQ Tri g_Sel ect to select trigger type and conditions

6. MDAQ Tri g_Del ay to select posttrigger delay (if triggering is
enabled and the posttrigger mode is used)

7. NMDAQ_ St art to select the number of frames to acquire and to
start acquisition

While the device is acquiring data, you can use the following

functions:

« MDAQ Check to monitor the status of the acquisition

« MDAQ Get to fetch data from anywhere in the acquisition buffer

« MDAQ_St op to stop the data acquisition, after which you can use
VDAQ Get to fetch the data

e« MDAQ Cl ear to prepare the application for termination

The following flowchart figures illustrate the ways to use the MDAQ
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.
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Thefunctionsin Figure 3-13 are the minimal set of functions necessary
to acquire a given number of untriggered frames (that is, with no
triggering enabled), sampling all four channels at 250,000 scans/s for
an EI SA-A2000, 32,000 scans/sfor an AT-A2150C and AT-DSP2200,
and 16,000 scans/s for an AT-A2150S.

( MDAQ_Set up '
l MDAQ St art '

l MDAQ O ear '
'

Figure 3-13. Minimum Function Flowchart for an MDAQ Acquisition

MDAQ_Set up configures the acquisition buffer. MDAQ_St ar t
initiates the data acquisition operation. After starting, acall to
MDAQ Get retrieves the frames from the acquisition buffer, and
finally MDAQ_Cl ear stops the acquisition and enables successful
termination of the application.

Figure 3-14 adds afew functionsto the sequence given in Figure 3-13.
All functions added to this figure are optional. MAI _Coupl i ng can
change the coupling default. MAI _Set up can select adifferent
combination of channels to scan if not all four channels are needed.
MDAQ ScanRat e can change the rate of the acquisition.

MDAQ Tri g_Sel ect can specify which digital or analog trigger to
use. If you specify posttrigger mode in MDAQ_Set up,

VDAQ Tri g_Del ay can set up atime delay between the time of the
trigger and the beginning of the acquisition.
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If you configure the data acquisition to continuously scan or acquire an
unlimited number of frames, a call to MDAQ_St op stops the
acquisition. After stopping, you can still use MDAQ Get toretrieve
any data present on the acquisition buffer, and MDAQ_Check returns
the progress of the acquisition when MDAQ_St op was called. If you
use MDAQ_St op, call it after MAI _Scal e and before MDAQ _Cl ear
in Figure 3-14.
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MAI _Coupl i ng '
'
MAI _Set up
'
VDAQ_Set up '
'
MDAQ_ScanRat e '

MDAQ Tri g_Sel ect '
Posttrigger Mode only

MDAQ Tri g_Del ay '

( MDAQ St art ' <—‘
— MDAQ Get '

|
v

<] MAI _Scal e '
MDAQ _Cl ear '

Figure 3-14. MDAQ Acquisition with Optional Coupling and Triggering Configuration
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The Analog Output Function Group

The Analog Output function group contains two sets of functions—the
Analog Output (AO) functions, which perform single D/A conversions,
and the Waveform (WFM functions, which perform buffered D/A
conversions. Both the Analog Output functions and the Waveform
functions work with the M10 devices, AT-AO-6/10, Lab-PC+,
SCX1-1200, DAQCard-1200, DA QPad-1200 and the AT-DSP2200.

To use the SCX1-1124 analog output module, you must use the SCXI

functions.

The Analog Output Functions

Use the Analog Output functions to perform single D/A conversions:

AO Configure

AO Updat e

AO VScal e

AO VW ite

NI-DAQ User Manual for PC Compatibles

Records the output range and polarity
selected for each analog output
channel by the jumper settings on the
device and indicates the update mode
of the DACs. You must use this
function if you have changed the
jumper settings affecting anal og output
range and polarity from their factory
settings.

Updates anal og output channels on the
specified device to new voltage values
when the later internal update modeis
enabled by a previous call to

AQ Confi gure.

Scales avoltageto abinary value that,
when written to one of the analog
output channels, produces the
specified voltage.

Acceptsafloating-point voltage value,
scales it to the proper binary number,
and writes that number to an analog
output channel to change the output
voltage.
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AO Wite Writes a binary value to one of the
analog output channels, changing the
voltage produced at the channel.

Analog Output Application Hints

This section contains a basic explanation of how to construct an
application using the analog output functions. The flowcharts are a
quick reference for constructing potential applications from the
NI-DAQ function calls.

For most purposes, AO_VW i t e isthe only function required to
generate single analog voltages. It converts the floating-point voltage
to binary and writes the value to the device. Actually, AO VWit e s
the equivalent of acall to AO_VScal e followed by acall to

AO Wi t e. Figure 3-15 illustrates the equivalency.

Scale floating-point voltage to
binary value

Scale floating-point voltage

to binary value and output
l AQ_Vscal e . ¢ binary voltage to board
i Output binary voltage to board ( AQ_VWite )
( AO Wite ) ¢

Figure 3-15. Equivalent Analog Output Calls
The following applications are shown using AO_VW i t e. However,

you could substitute the equivalent AO_VScal e and AO Wit e calls
with no change in results.
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Simple Analog Output Application

Figure 3-16 illustrates the basic series of calls for a simple analog
output application.

Account for any changes in the
jumper settings. Enable
external update pulses?

( AO Config '

>¢ Output voltage to board

[ AO_VIrite '

Done outputting data?

¢ Yes

Figure 3-16. Simple Analog Output Application

Thecall to AO_Conf i gur e in Figure 3-16 hasto be made only if you
have changed the jumper settings of an MIO device, AT-AO-6/10, or
Lab-PC+. You might also call AO_Conf i gur e to enable external
updating of the voltage. When external update mode is selected,
voltages written to the device are not output until you apply a pulse to
pin 46 (OUT2) on the /O connector of the M10-16 and AT-MI0-16D,
to pin 44 (EXTDACUPDATE*) on the AT-MIO-16F-5,
AT-MIO-64F-5, and AT-MI0-16X to pin 48 (EXTUPDATE) on the
AT-A0-6/10, or to pin 39 (EXTUPDATE) on the Lab-PC+,
SCX1-1200, DAQPad-1200, and DAQCard-1200 or to the selected pin
on the MI1O E Series device. Y ou can simultaneously change the
voltages at all the channels.

The final stepsin Figure 3-16 form a simple loop. New voltages are
output until the end of the data is reached.
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Analog Output with Software Update Application

Another application option isto enable | ater software updates. Likethe
external update mode, voltages written to the device are not
immediately output. Instead, the device does not output the voltages
until you call AO_Updat e. In later software update mode, the device
changes voltages simultaneously at all the channels. Figure 3-17
illustrates a modified version of the flowchart in Figure 3-16.

Account for changes in the
jumper settings. Enable
software voltage update

( AO Config '

¢ Output voltage to board

[ AO WYite '

>

Wait until you are ready to
output voltage

Update?
No

Yes
¢ Output voltage from board

l AO Updat e '

Done outputting data?

No

¢ Yes

Figure 3-17. Analog Output with Software Updates
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The first modification you make is to enable later internal updates
when you call AO_Conf i gur e. The next change, which follows the
AO VW it e step, isthe decision to wait or to output the voltage. If
you want the voltage to be output, your application must call
AQO_Updat e to write out the voltage. The rest of the flowchart is
identical to Figure 3-16.

Note: I mplement buffered analog output via the Waveform Generation
functions.

The Waveform Generation Functions

Use the Waveform Generation functions to perform buffered anal og
output operations.

The High-Level Waveform Generation Functions

These high-level Waveform Generation functions accomplish with a
single call tasks that would require several low-level callsto
accomplish:

WFM from Di sk Assigns adisk file to one or more
anal og output channels, selectstherate
and number of timesthe datain thefile
isto be generated, and starts the
generation. WFM _f r om_Di sk waits
for completion beforereturning, unless
you call Ti meout _Confi g.

WEM_ Op Assigns a waveform buffer to one or
more analog output channels, selects
the rate and the number of times the
datain the buffer is to be generated,
and startsthe generation. If the number
of buffer generationsisfinite, WFM_Op
waits for completion before returning,
unlessyou call Ti meout _Confi g.

The Low-Level Waveform Generation Functions

These functions are for setting up, starting, and controlling
synchronous Waveform Generation operations:

WEM_Chan_Cont r ol Temporarily haltsor restartswaveform
generation for a single output channel.
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WEM_Check

WFM Cl ockRat e

WFM _DB_Confi g

WFM DB _Hal f Ready

WEM DB _Str Tr ansf er

WFM _DB_Tr ansf er
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Returns status information concerning
a waveform generation operation.

Sets an update rate and adelay rate for
agroup of analog output channels. For
the AT-MI0O-64F-5and AT-MI0O-16X,
thisfunction also setsadelay ratefor a
group of analog output channels.

Enables and disables the double-
buffered mode of waveform
generation.

Checks if the next half buffer for one
or more channelsis available for new
data during a double-buffered
waveform generation operation. Y ou
can use WFM_DB_Hal f Ready to
avoid the waiting period that can occur
with the double-buffered transfer
functions.

Transfers new data from a character
buffer into one or more waveform
buffers (selected in WFM _Load) as
waveform generation isin progress.
WEM DB_Str Tr ansf er will wait
until NI-DAQ can transfer data from
the character buffer to the waveform
buffer(s).WFM DB_St r Tr ansf er is
intended for applications requiring a
character or string buffer, such as
reading from afile using the BASIC
function, Get .

Transfers new data into one or more
waveform buffers (selected in

WEM Load) as waveform generation
isin progress. WM _DB_Tr ansf er
will wait until NI-DAQ can transfer
data from the buffer to the waveform
buffer(s).
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WEM_Gr oup_Cont r ol

WFM_Gr oup_Set up

WFM Load

WFM _Rat e

WFM Scal e

Controls waveform generation for a
group of analog output channels.

Assigns one or more analog output
channels to a waveform generation
group. A call toWFM_Gr oup_Set up
isrequired only for the AT-AO-6/10.
By default, both analog output
channelsfor the Lab-PC+, SCX1-1200,
DAQPad-1200, DAQCard-1200, MI1O
devices, and AT-DSP2200 arein
group 1.

Assigns a waveform buffer to one or
more analog output channels and
indicates the number of waveform
cyclesto generate. For the
AT-MIO-16X, AT-MIO-64F-5,
MIO E Series devices, and
AT-AO-6/10, this function aso
enables or disables FIFO mode
waveform generation.

Converts a waveform generation
update rate into the timebase and
update-interval values needed to
produce the desired rate. Thisfunction
does not support the AT-DSP2200.

Translates an array of floating-point
values that represent voltages into an
array of binary values that produce
those voltageswhen the binary array is
written to one of thedevice DACs. The
function usesthe current anal og output
configuration settings to perform the
conversions.

Waveform Generation Application Hints

This section gives a basic explanation of how to construct an
application using the Waveform Generation functions. The flowcharts
are aquick reference for constructing potential applications from the

NI-DAQ function calls.
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Basic Waveform Generation Applications

A basic waveform application outputs a series of voltagesto an analog
output channel. Figure 3-18 illustrates the ordinary series of callsfor a
basic waveform application.

The first step of Figure 3-18 callsWFM _Scal e. The WFM Scal e
function converts floating-point voltages to integer values which will
produce the desired voltages (DAC values).

Y ou have two options available for starting a waveform generation.
The first option isto call the high-level function WFM_Op. The
WFM_Op function immediately begins the waveform generation after
you call the function. If the number of iterations (repetitions of the
buffer) is nonzero, WFM_Op does not return until the waveform
generation is done and all cleanup work has been completed. Setting
the iterations equal to 0 signals NI-DAQ to place the waveform
generation in continuous double-buffered mode. In continuous double-
buffered mode, waveform generation occursin the background, and the
WFM_Op function returns immediately to your application. See the
Double-Buffered Waveform Generation Applications section later in
this chapter for more information.

The second option to start a waveform generation isto call the
following sequence of functions:

1. WFM_Group_Set up (required only for the AT-A0O-6/10) to
assign one or more analog output channels to a group

2. WFM Load to assign a waveform buffer to one or more analog
output channels

3. WFM _Rat e to convert a data output rate to a timebase and an
update interval that generates the desired rate

4. WFM_Cl ockRat e to assign a timebase, update interval, and
delay interval to a group of analog output channels. Notice that
there are restrictions for using the WFM_Cl ockRat e function to
specify delay rate. Refer to the WFM Cl ockRat e function
description in Chapter 2, Function Reference, of the NI-DAQ
Function Reference Manual for further details.

5. WFM_Gr oup_Cont r ol (with operation=START) to start the
waveform generation in the background and return to your
application after the waveform generation has begun.

The next step in Figure 3-18 shows the call to WFM_Check.
WFM_Check retrieves the current status of the waveform generation.
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Y our application uses thisinformation to determineif the generationis
complete or should be stopped.

Thefinal stepisto call WWM_Gr oup_Cont r ol
(operation=CLEAR). The CLEAR operation performs all of the
necessary cleanup work after awaveform generation. Additionally, the
CLEAR operation halts any ongoing waveform generation.
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Convert floating-point voltages
to binary values

( WFM Scal e )

Load waveform buffer, specify
iterations, and start waveform

Assign channels to the ( WM _Op )
waveform generation group
+ If iterations > 0, the
( WFM_Gr oup_Set up ) waveform generation

is complete

—_—

Yes

Load waveform buffer .
Iterations > 0

and specify iterations

( WFM _Load )
No

¢ Set the update rate

[ WFM _Cl ockRat e )

¢ Start background waveform generation

WFM_Gr oup_Cont r ol
(operation = START)

* Any more data to output?

Yes

No
¢ Clear waveform

WFM_Gr oup_Cont r ol
(operation = CLEAR)

'

Figure 3-18. Basic Waveform Generation Application
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Basic Waveform Generation with Pauses

The application skeleton described in this section is nearly identical to
the basic waveform generation application skeleton. The differenceis
that the description in this section includes the pause and resume
operations. Figure 3-19 illustrates the ordinary series of calls for a
basic waveform application with pauses.

The first step of Figure 3-19 callsWFM_Gr oup_Set up. The
WEM_Gr oup_Set up function assigns one or more analog output
channels to a group.

The second step is to assign a buffer to the analog output channels
using the callsWFM_Scal e and WFM_Load. The WFM _Scal e
function convertsfloating-point voltagesto integer values that produce
the desired voltages. The WFM_Load function assigns a waveform
buffer to one or more analog output channels.

The next step isto assign an update rate to the group of channels using
the callsWFM_Rat e and WFM _Cl ockRat e. The WFM Rat e
function convertsadataoutput rateto atimebase and an update interval
that generates the desired rate. The WFM_Cl ockRat e function
assigns a timebase and update interval (and delay interval for the
AT-MIO-64F-5 and AT-MI0O-16X) to agroup of analog output
channels.

Notice that there are restrictions for using the WFM Cl ockRat e
function to specify delay rate. Refer to theWFM _Cl ockRat e function
description in Chapter 2, Function Reference, of the NI-DAQ Function
Reference Manual, for further details.

Y our application is how ready to start a waveform generation. The
WEM_Gr oup_Cont r ol (operation=START) starts the waveform
generation in the background. That is, WWM_Gr oup_Cont r ol
returns to your application after the waveform generation has begun.

The next step in Figure 3-19 is an application decision to pause the
waveform generation. The application could use a hnumber of
conditions for making this decision, including status information
returned by WFM_Check.

Pause the waveform generation by calling WFM_Gr oup_Cont r ol
(operation=PAUSE). The pause operation stops the waveform
generation and maintains the current waveform voltage at the channel
output.
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Resume the waveform generation by calling WFM_Gr oup_Cont r ol
(operation=RESUME). The RESUME operation restarts the
waveform generation at the data point where it was paused. The output
rate and the data buffer are unchanged.

Thefinal stepisto cal WWM _Gr oup_Cont r ol
(operation=CLEAR). The CLEAR operation performs all of the
necessary cleanup work after awaveform generation. Additionally, the
CLEAR operation halts any ongoing waveform generation.
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\

Assign channels to waveform generation group

WFM_Gr oup_Set up

)

* Convert floating-point voltages to binary values

WFM Scal e

)

* Load waveform buffer and specify iterations

WFM _Load

)

* Convert output rate to timebase and interval

WM Rat e

)

* Set the update and delay rates

WFM_Cl ockRat e

)

* Start background waveform generation

WFM_Gr oup_Cont r ol
(operation = START)

)

»
'

* Should you pause waveform generation?

Yes
Pause wave?

Pause the waveform generator

WFM_Gr oup_Cont r ol
(operation = RESUME)

Start waveform
generation
where it was

WFM_Gr oup_Contr ol
(operation = PAUSE)

Yes

paused

Resume wave?

No*

Resume waveform generation?

Clear waveform

WFM_Gr oup_Contr ol
(operation = CLEAR)

'

Figure 3-19. Waveform Generation with Pauses
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Double-Buffered Waveform Generation Applications

Y ou can also configure waveform generation as a double-buffered
operation. Double-buffered operations can perform continuous
waveform generation with a limited amount of memory. For an
explanation of double buffering, refer to Chapter 5, NI-DAQ Double
Buffering. Figure 3-20 outlines the basic steps for double-buffered
waveform applications.

First, enable double buffering by calling WFM_DB_Conf i g as shown
in the first step of Figure 3-20.

Although the steps have been left out of the diagram, you might also
call WFM_Rat e and/or WFM_Scal e as described in the basic
waveform application outline.

There are two ways in which your application can start waveform
generation. The first way isto call the high-level function WFM_Op.
The second way to start awaveform generation isto call the following
sequence of functions—WFM _Gr oup_Set up (only required on the
AT-AO-6/10), WM Load, WFM _Cl ockRat e,

WEM _Gr oup_Cont r ol (operation=START). The

WEM_Gr oup_Set up function assigns one or more analog output
channelsto agroup. The WFM_Load function assigns a waveform
buffer to one or more analog output channels. This buffer is called a
circular buffer. The WFM_Cl ockRat e function assigns a timebase
and update interval to a group of analog output channels. The

WEM _Gr oup_Cont r ol (operation=START) starts the waveform
generation in the background. That is, WWM_Gr oup_Cont r ol
returns to your application after the waveform generation has begun.

After the operation has started, you can perform any number of
transfers to the circular waveform buffer. To transfer data to the
circular buffer, call the WFM_DB_Tr ansf er function. After the
function iscalled, NI-DAQ will wait until it is able to transfer the data
before returning to the application. To avoid the waiting period, you
can call WM _DB_Hal f Ready to determine if the transfer can be
madeimmediately. If WWM_DB_Hal f Ready indicatesNI-DAQ isnot
ready for atransfer, your application isfreeto do other processing and
check the status later.

After the final transfer, you may want to call WFM_Check to get the
current progress of the transfer. Remember, NI-DAQ requires some
time after the final transfer to actually output the data.
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Thefinal stepisto cal WWM_Gr oup_Cont r ol
(operation=CLEAR). The CLEAR operation performs all of the
necessary cleanup work after awaveform generation. Additionally, the
CLEAR operation will halt any ongoing waveform generation.
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* Enable double buffering
( WFM DB_Confi g )

* Assign channels to waveform generation group

( WFM_G oup_Set up )

* Load waveform buffer and specify iterations

( WFM_Load )

¢ Set the update rate

[ WFM_Cl ockRat e )

* Start background waveform generation

WFM_Gr oup_Cont r ol
(operation = START)

»

> l Check if the next half buffer is ready for

data
No
WFM DB_Hal f Ready
Yes Transfer the next half of the data
* to the waveform data buffer

( WFM_DB_Tr ansf er )

* Do you want to transfer
more data to the waveform
buffer?

Yes

No

> Anymore data to output?
Yes

No ¢ Clear the waveform

WFM_Gr oup_Cont r ol
(operation = CLEAR)

{

Figure 3-20. Double-Buffered Waveform Generation
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Reference Voltages for Analog Output Devices

The following table shows the output voltages produced when you
select unipolar output polarity.

Table 3-4.  Output Voltages with Unipolar Output Polarity
Device Valuein Waveform Buffer
0 4,095
AT-MIO-16X ov 65,535
All Other MI1O Devices oV reference voltage
AT-A0O-6/10 oV reference voltage
(+10V in default case)

Lab-PC+, SCXI-1200, ov +5V

DAQPad-1200,
DAQCard-1200

The following table shows the output voltages produced when you
select bipolar output polarity.

Table 3-5.  Output Voltages with Bipolar Output Polarity
Device Valuein Waveform Buffer
-2,048 2,047 -32,768 32,767
AT-MIO-16X — — negative of the referencevoltage
reference voltage
All Other MIO | negative of the referencevoltage — —
Devices reference voltage
AT-AO-6/10 negative of the referencevoltage — —
referencevoltage| (+10V indefault
(-10V indefault | case)
case)
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Table 3-5.  Output Voltages with Bipolar Output Polarity (Continued)
Device Valuein Waveform Buffer
-2,048 2,047 -32,768 32,767

Lab-PC+, -5V +5V — —
SCX1-1200,

DAQPad-1200,

DAQCard-1200

AT-DSP2200 — — -2.828V +2.828 V

O National Instruments Corporation

Minimum Update Intervals

The rate at which a device can output analog data is limited by the
performance of the host computer. For waveform generation, the
limitation isin terms of minimum update intervals. The update interval
is the period of time between outputting new voltages. Therefore, the
minimum update interval specifies the smallest possible time delay
between outputting new data points. In other words, the minimum
update interval specifies the fastest rate at which a device can output
data. Refer to Chapter 4, DMA and Programmed I/O Performance
Limitations, for more information on the minimum update intervals.

Notes on DMA Waveform Generation with the AT-MIO-16F-5

Page breaks in the buffer can adversely affect DMA waveform
generation of the AT-MI10-16F-5. Page breaks are described in
Chapter 4, DMA and Programmed /O Performance Limitations.

Use the utility function Al i gn_DMA_Buf f er to avoid the negative
effects of page boundaries on PC AT and compatible computersin the
following cases:

*  When using DMA waveform generation at update intervals faster
than about 50 ps (this number will depend on your PC).

e When using interleaved DMA waveform generation

Touse Al i gn_DMA Buf f er, you must allocate a buffer that is
bigger than the sample count to give Al i gn_DMA_Buf f er room to
move the data around. If you are using interleaved DMA waveform
generation but at ratesthat can tolerate apage break, allocating an extra
two bytes is sufficient to position the data so that the page break does
not cause unpredictable results. After the buffer is aligned, you can
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make the normal callsto all of the Waveform Generation functions. If
you need to access the datain an aligned buffer while the waveform is
in progress, use theindex that Al i gn_DMA_Buf f er returned. When
you make acall to WM _Gr oup Contr ol (operation=CLEAR), or
make a call to WFM_Load with a new buffer while the waveform isin
progress, NI-DAQ unaligns the previous waveform buffer. If you want
to use the same buffer again for waveform generation after it has been
unaligned, you must call Al i gn_DMA_Buf f er again. Seethe
function descriptionfor Al i gn_DMA_Buf f er in Chapter 2, Function
Reference, of the NI-DAQ Function Reference Manual for more
information.

Thefirst point of the waveform buffer is not generated until the second
update pulse occurs. That is, two update intervals will pass before the
waveform begins to appear at the 1/0O connector after a\WWFM_Op,
WEM from _Di sk, or WWM_Gr oup_Cont r ol (operation=START)
call starts the waveform.

When you use double DMA waveform generation on the
AT-MIO-16F-5—that is, when waveforms are generated at both DACs
and a separate DMA channel services each DAC—the two waveforms
must terminate simultaneously. Y ou should either set up both channels
to terminate after generating the same number of points, or set up both
channels to generate indefinite waveforms. If, for example, you set up
channel 0 to terminate after 10 iterations through its buffer and set up
channel 1 for indefinite waveform generation, when channel 0 has
finished itsiterations, it forces channel 1 to stop generating pointsalso.
This restriction does not apply to double waveform generation that is
interrupt driven.

Counter Usage

For the M10 E Series devices dedicated counters from the DAQ-STC
chip are used for control and timing of waveform generation.

For the M10-16 and AT-MI10-16D, counter 2 generates interrupt
requeststhat result in the voltage updates at the anal og output channels.
If counter 2 is otherwise in use (such as for interval scanning),
waveform generation is not possible until counter 2 is freed.

For the AT-M10-16F-5, AT-MI0O-64F-5, and AT-MI10-16X, counters
1, 2, and 5, aswell asthe dedicated external update signal, can generate
either interrupt or DMA requests. If it is available, NI-DAQ uses
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counter 5 for waveform generation. Otherwise, NI-DAQ uses counter
2. If counter 2 is also unavailable, NI-DAQ selects counter 1.

On the Lab-PC+, SCXI-1200, DAQPad-1200, and DAQCard-1200,
counter A2 producesthetotal update interval for waveform generation.
However, if the total update interval is greater than 65,535 s, counter
BO generates the clock for a slower timebase, which counter A2 uses
for the total update interval. Thel CTR_Set up and | CTR_Reset
functions cannot then use counter BO for the duration of the waveform
generation operation. In addition, the Data Acquisition functions
DAQ Start andLab_| SCAN_St art cannot use counter BO if the
total sampleinterval for dataacquisitionisalso greater than 65,535 s,
unless the timebase required for data acquisition is the same as the
timebase counter BO produces for waveform generation. If data
acquisition is not in progress, counter B0 is available for waveform
generation if | CTR_Set up has not been called on counter BO since
startup, or an CTR_Reset call has been made on counter BO. If data
acquisitionisin progress and isusing counter B0 to produce the sample
timebase, counter BO is available for waveform generation only if this
timebase is the same as required by the Waveform Generation
functions to produce the total update interval. In this case, counter BO
provides the same timebase for data acquisition and waveform
generation.

On the AT-A0O-6/10, counter 0 produces the total update interval for
group 1 waveform generation and counter 1 produces the total update
interval for group 2 waveform generation. However, if the total update
interval is greater than 65,535 s for either group 1 or 2, counter 2 is
used by counter 0 (group 1) or counter 1 (group 2) to provide the total
updateinterval. If either group isusing counter 2 to produce the sample
timebase, counter 2 is available to the other group only if the timebase
is the same as the timebase required by the Waveform Generation
functions to produce the total update interval. In this case, counter 2
provides the same timebase for both waveform generation groups.

Restrictions on the Use of a Delay Rate on the AT-MIO-16X and
AT-MIO-64F-5

To set adelay rate using WFM_Cl ockRat e, the entire waveform
buffer must fit within the analog output FIFOs of these devices. The
FIFOs on both devices can hold 2,048 samples. The number of
iterations of the buffer must be greater than zero and less than or equal
t0 65,535. Also, double-buffered waveform generation isincompatible
with the use of a delay rate.
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FIFO Lag Effect on the MIO E Series, AT-AO-6/10, AT-MIO-16X, and
AT-MIO-64F-5

Group 1 analog output channels use an onboard FIFO to output data
values to the DACs. NI-DAQ continuously writes values to the FIFO
aslong asthe FIFO isnot full. NI-DAQ transfers data values from the
FIFO to the DACs at regular intervals using an onboard or external
clock. A lag effect is seen for group 1 channels due to the buffering of
the FIFO. That is, avalue written to the FIFO is not output to the DAC
until all of the datavalues currently inthe FIFO have been output to the
DACs. Thistime lag is dependent upon the update rate (specified in
WFM_Cl ockRat e). Refer to your device user manual for a more
detailed discussion of the onboard FIFO.

Three functions are affected by the FIFO lag effect—
WEM_Chan_Cont r ol , WFM_Check, and double-buffered waveform
generation.

WFM_Chan_Cont r ol —When you execute oper ation=PAUSE for a
group 1 channel, the effective pause does not occur until the FIFO has
finished writing all of the data remaining in the FIFO for the specified
channel. The same s true for the RESUME operation on agroup 1
channel; NI-DAQ cannot place data for the specified channel into the
FIFO until the FIFO has been emptied.

WFM_Check—The values returned in pointsDone and iter sDone
indicate the number of pointsthat NI-DAQ has written to the FIFO for
the specified channel. A time lag occurs from the point when NI-DAQ
writesthe datato the FIFO when NI-DAQ outputsthe datato the DAC.
The status parameter is also affected by the FIFO lag because status
indicates when NI-DAQ writes the last point to the FIFO.

When you use double-buffered waveform generation with group 1,
make sure the total number of pointsfor all of the group 1 channels
(specified in the count parameter in WFM_Load) is at least twice the
size of the FIFO. Refer to your device user manual for information on
the AT-AO-6/10 FIFO size.

Using Onboard AT-DSP2200 Memory

The AT-DSP2200 can generate waveforms from buffers that reside on
its own onboard memory. Use the NI-DAQ Memory Management

function, NI _DAQ_Mem Al | oc, aswell as memory allocation calls
in the NI-DSP library, to allocate onboard AT-DSP2200 buffers. You
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can use the memory handles returned by these calls in place of the
buffer parametersin the WFM_Op and WFM_Load calls.

Externally Triggering Your Waveform Generation Operation

It is possible to initiate a waveform generation operation from an
external trigger signal in much the same manner as for analog input.
For M10O E Series devices, seethe Sel ect _Si gnal function
description in the NI-DAQ Function Reference Manual for PC
Compatibles.

On Am9513-based devices, you needto call CTR_Conf i g and change
the gating mode before you call the WFMfunctions. Refer to the Using
This Function section of the CTR_Conf i g function description in the
NI-DAQ Function Reference Manual for PC Compatibles.

The Digital 1/0 Function Group

The Digital 1/O function group contains three sets of functions—the
Digital 1/0 (DI G) functions, the Group Digital 1/0 (DI G_BI ock,
DI G_Gr p, and DI G_SCAN) functions, and the double-buffered
Digital 1/0 (DI G_DB) functions.

The following devices contain digital 1/0 hardware:

» All DIO devices

e All MIO and Al devices

« AT-AO-6/10

+ DAQCard-500, DAQCard-700, PC-LPM-16

e Lab-PC+, SCXI1-1200, DAQPad-1200, and DAQCard-1200
« PC-TIO-10

* AO-2DC devices

To use the SCXI digital and relay modules, you can use the SCXI
functions.

These devices contain a number of digital 1/0 ports of up to eight
digital linesin width. The name port, in fact, refersto a set of digital
lines (digital lines are also referred to as bitsin this text). In many
instances, you control the set of digital linesasagroup for both reading
and writing purposes and for configuration purposes. For example, you
can configure the port as an input port or as an output port, which
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means that the set of digital lines making up the port consist of either
al input lines or al output lines.

The digital ports are usually assigned letters, and the digital lines
making up the port are assigned numbers beginning with 0. For
example, the DIO-24 contains three ports of eight digital lines each.
These ports are labeled PA, PB, and PC on the DIO-24 1/O connector
drawing, as shown in the PC-DI10-24 User Manual. The eight digital
lines making up port PA are labeled PA7 through PAO.

In some cases, you can further combine digital 1/0 ports into alarger
entity called agroup. Onthe DIO-32F, for example, you can assign any
of its ports DIOA through DIOD to one of two groups. A group of ports
are handshaked or clocked as a unit.

TheDigital 1/0 functions can write to and read from both an entire port
and single digital lines within the port. To write to an entire port,
NI-DAQ writes a byte of datato the port in a specified digital output
pattern. To read from a port, NI-DAQ returns a byte of datain a
specified digital output pattern. The mapping of the byte to the digital
I/0O linesis as follows:

Bit Number |Digital /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

Inthe caseswhere adigital I/0 port hasfewer than eight lines, the most
significant bitsin the byte format are ignored.
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Y ou can configure most of the digital I/O ports as either input ports or
output ports. On the PC-T10-10, you can independently program lines
on the same port as input or output lines. Some digital 1/0 ports are
permanently fixed as either input ports or output ports. If you configure
aport as an input port, reading that port returns the value of the digital
lines. Inthis case, external devices connected to and driving those lines
determine the state of the digital lines. If no external deviceisdriving
the lines, the lines float to some indeterminate state, and you can read
them in either state O (digital logic low) or state 1 (digital logic high).
If you configure a port 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
datawritten. In this case, these digital lines can drive an external
device. Many of thedigital 1/0 ports have read-back capability; that is,
if you configure the port as an output port, reading the port returns the
output state of that port.

Y ou can use digital 1/0 ports on the DIO-24, AT-MI10-16D,
AT-MIO-16DE-10, PC-DI0O-96, Lab-PC+, SCX1-1200,
DAQPad-1200, and DAQCard-1200 and the groups on the DIO-32F
for handshaking modes. 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 have the following characteristics:

* No-handshaking (nonlatched) mode—This mode simply changes
the digital value at an output port when written to and returns a
digital value from adigital input port when read from. No
handshaking signals are generated.

* Handshaking (latched) mode—Y ou can use this mode for digital
I/0 handshaking; that is, a digital input port latches the data
present at the input when the port receives a handshake signal and
generates a handshake pulse when the computer writesto a digital
output port. In this mode, you can read the status of a port or a
group of ports to determine whether an external device has
accepted data written to an output port or has latched data into an
input port.

Process control applications, such as controlling or monitoring relays,
often use the no-handshaking mode. Communications applications,
such as transferring data between two computers, often use the
handshaking mode.
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DIO-24, AT-MIO-16D, AT-MIO-16DE-10, PC-DIO-96, Lab-PC+,
SCXI-1200, DAQPad-1200, and DAQCard-1200 Groups

DIO-32F Groups

Y ou can group together any combination of portsO, 1, 3, 4, 6, 7,9, and
10 on the PC-DI0O-96, of ports 0 and 1 on the DIO-24, Lab-PC+,
SCX1-1200, DAQPad-1200, and DAQCard-1200, and of ports 2 and 3
on the AT-MIO-16D and AT-MI0O-16DE-10 to make up larger ports.
For example, with the DIO-96 you can program ports 0, 3, 9, and 10 to
make up a 32-bit handshaking port, or program all eight portsto make
up a 64-hit handshaking port. See Digital I/0 Application Hintslater in
this chapter and the DI G_SCAN_Set up function in Chapter 2,
Function Reference, of the NI-DAQ Function Reference Manual for
more details.

On the DIO-32F, you can assign ports 0 to 3 to one of two groups for
handshaking. These groups are referred to as group 1 and group 2.
Group 1 uses handshake lines REQ1 and ACK1. Group 2 uses
handshake lines REQ2 and ACK 2. The group sensesthe REQ line. An
active REQ signal is an indication that the group must perform aread
or write. The group drivesthe ACK line. After the group has performed
aread or write, it drives the ACK line to its active state. Refer to the
AT-DIO-32F User Manual for more information on the handshaking
signals.

Group 1 can be 8, 16, or 32 bits wide. If you set group 1 to eight bits,
you have assigned either port O or port 1 to the group. If you set group
1to 16 bits, you have assigned both port 0 and port 1 to the group, and
read and write operations are addressed to port O. If you set group 1 to
32 hits, then you have assigned all four portsto the group. Y ou can only
use a 32-hit group for buffered digital 1/0.

Group 2 can be 8 or 16 bits wide. If you set group 2 to eight bits, you
have assigned either port 2 or port 3 to the group. If you set group 2 to
16 bits, you have assigned both port 2 and port 3 to the group, and read
and write operations are addressed to port 2.
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After you have assigned ports to a group, the group acts as a single
entity controlling 8, 16, or 32 digital lines simultaneously. The
following assignments are the legal group assignments.

Assigned Ports Group Group Size (in Bitsand
Name Ports)

port O 1 8-bitgroup  one port
port 1 1 8-bitgroup  one port
port 2 2 8-bitgroup  one port
port 3 2 8-bitgroup  one port
portsOand 1 1 16-hit group  two ports
ports2 and 3 2 16-bit group  two ports
portsO, 1, 2, and 3 1 32-bit group  four ports

After ports are assigned to a group, the group control s handshaking of
that port. These ports are then read from or written to simultaneously
by writing or reading 8 or 16 bits at one time from the group.

Y ou can configure the groups for various handshake configurations.
The configuration choices include level or edge-triggered
handshaking, inverted or non-inverted ACK and REQ lines, and a
programmed transfer settling time.

Note: I mplement buffered digital I/OviatheDl G_BI ock functionsdescribedin
detail in Chapter 2, Function Reference, of the NI-DAQ Function Reference
Manual.

The Digital I/0 Functions

The Digital I/0 (DI G) functions perform nonhandshaked digital line
and port 1/0O for al DIO, MIO, and Al devices, the AT-AO-6/10,
Lab-PC+, PC-LPM-16, DAQCard-500, DAQCard-700, PC-TI0-10,
SCX1-1200, DAQPad-1200, DAQCard-1200, and AO-2DC devices.
The Digital I/O functions also perform handshaked port 1/0O for the
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DIO-24, AT-MIO-16D, AT-MI0-16DE-10, Lab-PC+, PC-DIO-96,
SCXI1-1200, DAQPad-1200, and DAQCard-1200:

DI G In_Line

DI G In_Port

Dl G_Li ne_Config

DI G Qut _Line
DI G_Qut _Port
DI G Prt_Config

DI G Prt_Status

The Group Digital 1/0 Functions

Returns the digital logic state of the
specified digital input linein the
specified port.

Returns digital input data from the
specified digital 1/0 port.

Configures the specified line on a
specified port for direction (input or
output) for the PC-T10-10 and E Series
devices only.

Sets or clears the specified digital
output linein the specified digital port.

Writes digital output data to the
specified digital port.

Configures the specified port for
direction (input or output).

Returns a status word indicating the
handshake status of the specified port
(D1O-24, AT-MI0-16D,
AT-MIO-16DE-10, PC-DIO-96,
Lab-PC+, SCX1-1200, DAQPad-1200,
and DAQCard-1200 only).

The Group Digital 1/O (DI G_BI ock, DI G_Gr p, and DI G_SCAN)
functions perform handshaked 1/0 on groups of ports for the DIO-24,
PC-DI0-96, Lab-PC+, AT-MI0O-16D, AT-MI0-16DE-10,
AT-DIO-32F, SCX1-1200, DAQPad-1200, and DA QCard-1200:

DI G Bl ock_Check
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Returnsthe number of itemsremaining
to be transferred after a

DI G Bl ock_Inor

DI G_Bl ock_Qut call.
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DI G _Bl ock_Cl ear Halts any ongoing asynchronous
transfer, allowing another transfer to
be initiated.

DI G Bl ock _In Initiates an asynchronous transfer of
data from the specified group to
memory.

DI G_BI ock_Cut Initiates an asynchronous transfer of
data from memory to the specified

group.

DI G Bl ock_PG Config Enablesor disablesthe pattern
generation mode of buffered digital
1/O (DIO-32F only).

DIG Gp_Config Configuresthe specified group for port
assignment, direction (input or output),
and size (DIO-32F only).

DI G G p_Mode Configures the specified group for
handshake sighal modes (DIO-32F
only).

DI G Grp_Status Returns a status word indicating the

handshake status of the specified group
(DIO-32F only).

DG In Gp Reads digital input data from the
specified digital group (DIO-32F
only).

DIG Qut_Grp Writes digital output data to the
specified digital group (DIO-32F
only).

DI G_SCAN_Set up Configuresthe specified group for port
assignment, direction (input or output),
and size (D10-24, AT-MI0O-16D,
AT-MIO-16DE-10, PC-DIO-96,
Lab-PC+, SCX1-1200, DAQPad-1200,
and DAQCard-1200 only).
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The Double-Buffered Digital I/0 Functions

The double-buffered Digital 1/0 (DI G) functions perform double-
buffered operations during Group Digital 1/0 operations:

DI G_DB_Config

DI G DB Hal f Ready

DI G DB StrTransfer

DI G_ DB _Transfer

NI-DAQ User Manual for PC Compatibles
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Enables or disables double-buffered
digital transfer operations and sets the
double-buffered options.

Checks whether the next half buffer of
datais available during a double-
buffered digital block operation. You
canuse DI G_DB_Hal f Ready to
avoid the waiting period that can occur
because the double-buffered transfer
functions (DI G_DB_Tr ansf er and
DI G DB_Str Tr ansf er) wait until
the data can be transferred before
returning.

For an input operation,

DI G DB_Str Transf er waits until
NI-DAQ can transfer half the data
from the buffer being used for double-
buffered digital block input to a
character buffer or a BASIC string,
which is passed to the function. For an
output operation,

DI G DB_Str Transf er waitsuntil
NI-DAQ can transfer the data from a
character buffer or aBASIC string
passed to the function to the buffer
being used for double-buffered digital
block output. Thisfunction isintended
for BASIC applications using double-
buffered data acquisition where datais
saved ondisk asitisacquired. Y ou can
then writethe string to adisk fileusing
the BASIC PUT statement.

For an input operation,

DI G_DB_Transf er waits until
NI-DAQ can transfer half the data
from the buffer being used for double-

O National Instruments Corporation



Chapter 3  Software Overview

buffered digital block input to another
buffer, which is passed to the function.
For an output operation,

DI G DB _Transf er waits until
NI-DAQ can transfer the datafrom the
buffer passed to the function to the
buffer being used for double-buffered
digital block output. Y ou can execute
DI G DB_Tr ansf er repeatedly to
read or write sequential half buffers of
data.

Digital 1/0 Application Hints

This section gives a basic explanation of how to construct an
application using the digital input and output functions. The flowcharts
are aquick reference for constructing potential applications from the
NI-DAQ function calls.

Latched Versus Nonlatched Digital 1/0

Digital ports can output or input digital datain two ways. Thefirst is
to immediately read or write data to or from the port. This type of
digital 1/0O is called nonlatched. The second method is to coordinate
digital datatransfers with another digital port. The second method is
called latched 1/0O or digital 1/0 with handshaking. With handshaking,
you use dedicated transmission lines to ensure that data on the
receiving end is not overwritten with new data before it can be read
from the input port.

NI-DAQ supports both latched and nonlatched modes. The application
outlines within this section explain the use of both modes where they

apply.

Digital Port 1/0 Applications

Digital port I/O applications use individual digital ports to input or
output digital data. In addition, the applications input or output data
points on an individual basis.

Individual port transfers can be latched or nonlatched. All AT Series
and PC Series devices can use nonlatched digital port 1/0. DIO-24,
AT-MIO-16D, AT-MI0-16DE-10, PC-DI0-96, L ab-PC+, SCX1-1200,
DAQPad-1200, and DAQCard-1200 can also use latched digital 1/O for
these purposes.
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Figure 3-21 illustrates the ordinary series of calls for digital port 1/0
applications.

output. Enable optional
handshaking?

[ DG Prt_Config '

l Configure ports for input or

‘ Check for port ready if

handshaking is enabled.
DG Prt_Status
Not Ready

| Ready

Yy

'

Input data from port. ¢ Output data to port.

[ DG In_Port . [ DI G Qut _Port '

v

L

‘Yes

Figure 3-21. Basic Port Input or Output Application

Thefirst stepistocal DI G_Prt _Conf i g, withwhichyou configure
individual digital ports for input or output. Also, you use
DI G _Prt _Confi g to enable handshaking.

If handshaking is disabled, do not check the port status (step 2 of
Figure 3-21). If handshaking is enabled, you should call

DI G_PRT_St at us to determineif an output port is ready to output a
new data point, or if an input port has latched new data.

The third step isto actually input or output the data point. Call
DI G | n_Port toread datafromaninput port. Call DI G_Out _Por t
to write data to port.

Thefinal stepistoloop back if moredataisto beinput or output. These
four steps form the basis of a simple digital port 1/O application.
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Digital Line 1/0 Applications

Digital linel/O applications are similar to digital port 1/0 applications,
except that digital line I/O applications input or output data on a bit-by-
bit basis rather than by port. The digital line 1/O can only transfer data

in no-handshaking mode.

Figure 3-22 is a flowchart outlining the basic line 1/O application.

TIO or E Series Device?

Yes ¢ No

* Configure lines for input or output * Configure ports for input or output

DI G Line_Config ' C DG Prt_Config )
| |

»

+ Input data from line * Output data to line

DI G I n_Line ' ( DIG Qut_Line )

»

iYes

O National Instruments Corporation

Figure 3-22. Basic Line Input or Output Application

The first step isto configure the digital lines for input or output. Y ou
can program PC-TI0O-10 and E Series devices on an individual line
basis. To do this, call DI G_Li ne_Conf i g. You must configure all
other devices on a port-by-port basis, however. As aresult, you must
configure al lines within a port for the same direction. Call

DI G Prt _Confi g to configure a port for input or output.
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Thenext stepistocall DI G_I n_Li ne or DI G_Qut _Li ne to output
or input a bit from or to the line. The final step is to loop back until
NI-DAQ has transferred all of the data.

Digital Group 1/0 Applications
Digital group I/0 applications use one or more digital portsasasingle
group to input or output digital information.

Figure 3-23 isaflowchart for group digital applications that input and
output data on a point-by-point basis. Only the DIO-32 boards can
group input or output on a point-by-point basis.

¢ Configure groups for input or output

DI G G p_Config '

¢ Alter handshaking mode?

( DI G_G p_Mode )

\

Check if group is ready for transfer

DI G G p_Status

Not Ready

| Ready

+ Input data from group + Output data from group

( DGIn Gp ) ( DIGQut_Gp )
| |

Figure 3-23. Simple Digital Group Input or Output Application
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At the start of your application, you must call DI G_Gr p_Confi g to
configure the individual digital ports as a group. After the ports are
grouped, you can alter the handshaking mode of the D1O-32 by calling
DI G_Gr p_Mbde (step 2 of Figure 3-23). The various handshaking
modes and the default settings are explained inthe DI G_Gr p_Mde
function description.

The next step in your application is to check if the port is ready for a
transfer (step 3 of Figure 3-23). To do this, call DI G_Gr p_St at us.
If the group status indicates it isready, call DI G_ Qut _Gr p or

DI G_| n_Gr p to transfer the data to or from the group.

The final step of the flowchart is to loop back until al of the data has
been input or output.
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Digital Group Block I/0 Applications

NI-DAQ also contains group digital I/O functions, which operate on

blocks of data. Figure 3-24
use block 1/0.

outlinesthe basic steps for applicationsthat

Configure DIO-24, AT-MIO-16D,
AT-MIO-16DE-10, DIO-96, Lab-PC+,
SCXI-1200, DAQCard-1200, or
" DAQPad-1200 groups for input or output

DI G_Scan_Set up '

Configure DIO-32 groups for
input and output

Y

DI G Gp_Config

Alter handshaking mode?

DI G_Gr p_Mde

Enable or disable pattern
generation?

DI G Bl ock_PG Confi g '

Start block input *

DI G Block_In '

* Start block output

DI G Bl ock_Qut '

‘
Any more data to input or output?

DI G Bl ock_Check
Yes

No

Clear block operation if
DI G_Bl ock_Check did not

DI G Bl ock_d ear '

Figure 3-24. Digital Block Input or Output Application

Note: The DIO-32F, DI0O-24, AT-MI0O-16D, AT-MI0-16DE-10, PC-DI 0-96,

Lab-PC+, SCXI-1200, DAQPad-1200, and DAQCard-1200 can all
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perform group block operations. However, the DIO-24, AT-MI10-16D,
AT-MI0O-16DE-10, PC-DI 0-96, Lab-PC+, SCXI-1200, DAQPad-1200,
and DAQCard-1200 have special wiring requirements for groups larger
than one port. The wiring for both the input and output cases for these
devicesisexplained in the DIl G_SCAN_Set up function description. No
additional wiring is necessary for the DI O-32F.

The first step for a group block /0 application is to call

DI G Grp_ConfigorDl G SCAN Set up to configure individual
ports asagroup. You should call DI G_Grp_Conf i g if you have a
DIO-32F. Call DI G_SCAN_Set up for all other devices. The
AT-DIO-32F isrestricted to group sizes of two and four portsfor block
1/0.

If you are using a DI0O-32F, you can alter the handshaking mode of the
group by calling DI G_Gr p_Mode. Also, the DIO-32F can perform
digital pattern generation. Pattern generation is simply reading in or
writing out digital data at afixed rate. Thisisthe digital equivalent of
analog waveform generation. To enable pattern generation, call

DI G_Bl ock_PG_Confi g as shown in Figure 3-24. Y ou cannot
handshake with pattern generation, so do not connect any handshaking
lines. Refer to the explanation of pattern generation later in this chapter
for more information.

The next step for your application, asillustrated in Figure 3-24, isto
call DI G_Bl ock_I nor Dl G Bl ock_CQut to actually start the data
transfer.

After you start the operation, you can call DI G Bl ock_Check to get
the current progress of the transfer. If the block operation completes
priortoaDl G Bl ock_Check call, DI G_ Bl ock_Check will
automatically call DI G Bl ock_Cl ear , which performs cleanup
work.

The final step of adigital block operation isto call

DI G Bl ock_Cl ear. DI G_Bl ock_Cl ear performs the necessary
cleanup work after a digital block operation. Y ou must call this
function explicitly if DI G_Bl ock_Check did not already call

DI G Bl ock_Cl ear.

Note: Dl G Bl ock_d ear halts any ongoing block operation. Therefore, call

DI G Bl ock_d ear only if you are certain the block operation has
completed or you want to stop the current operation.
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Digital Double-Buffered Group Block 1/0 Applications

Y ou can also configure group block operations as double-buffered
operations for DIO-32 boards. With double-buffered operations, you
can do continuous input or output with a limited amount of memory.
See the Double-Buffered I/0O with the DIO-32F section later in this
chapter for an explanation of double buffering. Figure 3-25 outlinesthe
basic steps for digital double-buffered group block 1/0 applications.
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¢ Configure groups for input or output
DI G G p_Config '
¢ Enable double buffering
DI G DB Config '
V Start block input * Start block output

DI G Bl ock_In '

DI G Bl ock_Qut '

Is NI-DAQ ready to transfer
the next half of the data?

DI G_DB_Hal f Ready

No

Transfer next half of the data to or
from the digital data buffer

[ DI G DB Transfer )

* Yes

'

Do you wish to transfer more
data to or from the digital buffer?

Yes

Any more data to output?
(Output operations only)

DI G Bl ock_Check

Yes

Clear block operation if
Dl G_BI ock_Check did

DI G Bl ock_d ear '

#No
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Figure 3-25. Double-Buffered Block Operation
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Thefirst step for an applicationisto call DI G_Grp_Confi g to
configureindividual portsasagroup. Although the steps have been left
out of the diagram, you can alter the handshaking mode and enable
pattern generation as shown in Figure 3-24, and explained in the
Digital Group Block 1/0 Applications section earlier in this chapter.
Next, enable double buffering by calling DI G_DB_Conf i g (second
step of Figure 3-25). To start the digital block input or output, call

DI G Bl ock_I norDI G Bl ock_Qut.

After the operation has started, you may perform any number of
transfersto or from the circular buffer. Input operations will transfer
new data from the digital buffer for storage or processing. Output
operations will transfer new data to the digital buffer for output.

To transfer to or from the circular buffer, call the

DI G_DB_Tr ansf er function. After you call the function, NI-DAQ
waits until it can transfer the data before returning to the application.
To avoid the waiting period, call DI G_DB_Hal f Ready to determine
if NI-DAQ can make the transfer immediately. If

DI G DB _Hal f Ready indicates that NI-DAQ is not ready for a
transfer, your application is free to do other processing and check the
status later.

After the final transfer, you may want to call DI G_Bl ock_Check to
get the current progress of the transfer. For example, if you are using
double-buffered output, NI-DAQ requires some time after the final
transfer to actually output the data. In addition, if NI-DAQ completes
the block operation prior to aDl G_Bl ock_Check call,

DI G Bl ock_Check will automatically call DI G_Bl ock_Cl ear to
perform cleanup work.

The final step of a double-buffered block operation isto call
DI G Bl ock_Cl ear.Dl G _Bl ock_Cl ear performsthe necessary
cleanup work after a digital block operation. Y ou must explicitly call
this function if DI G_BI ock_Check did not already call it.

Gy Note: Dl G Bl ock_d ear halts any ongoing block operation. Therefore, call
DI G Bl ock_C ear only if you are certain the block operation has
completed or if you want to stop the current operation.

Pattern Generation 1/0 with the DIO-32F

For clocked digital 1/0, where a port is written to or read from based
on the output of a counter, use pattern generation. The
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DI G Bl ock_PG_Conf i g function enables the pattern generation
mode of digital 1/0. When pattern generation is enabled, a subsequent
DI G Bl ock_I norDI G Bl ock_Qut call automatically uses this
mode. Each group has its own onboard counter and so each can
simultaneously run in this mode at different rates. Also, you use an
external counter by connecting its output to the appropriate REQ pin at
the 1/0O connector. For an input group, pattern generation is anal ogous
to a data acquisition operation, but instead of reading analog input
channels, the digital ports are read. For an output group, pattern
generation is analogous to waveform generation, but instead of writing
voltagesto the anal og output channels, NI-DAQ writes digital patterns
to the digital ports.

The DIO-32F uses DMA to service pattern generation. However,
certain buffers require NI-DAQ to reprogram the DMA controller
during the pattern generation. The extra time needed to do
reprogramming increases the minimum request interval (thus
decreasing the maximum rate). Chapter 4, DMA and Programmed /O
Performance Limitations, explains performance limitations in DOS
and Windows for DMA operations. Use the utility function

Al i gn_DMA Buf f er toavoidthe negative effects of page boundaries
on PC AT and compatible computers when using pattern generation at
update intervals faster than about 50 ps (this number will depend on
your PC).

DI G Bl ock_I nand DI G_Bl ock_Qut return awarning (15
DMAReprogramming) if reprogramming of the DMA controller is
necessary. Also, page boundariesin a buffer that isto be used for 32-bit
digital pattern generation causes unpredictable results for AT bus
computer users, regardless of the request interval used.

For AT bus computers, usethe utility function Al i gn_DMA_Buf f er
to avoid the negative effects of page boundariesin the following cases:

e Whenusing digital 1/0O pattern generation at request intervals that
are smaller than those listed in Table 5-2 for buffers with page
boundaries.

*  When using 32-bit digital 1/O pattern generation at any speed.

Touse Al i gn_DMA_Buf f er , however, you must allocate a buffer
that is larger than the sample count to make room for

Al i gn_DMA Buf f er to move the data around. To guarantee that
there is enough room for alignment, allocate twice as much spacein
your buffer (for example, if you have 5,000 samples, allocate space for
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10,000 samples). When the buffer is aligned, make the normal callsto
DI G Bl ock_I nand Dl G Bl ock_Qut . A cal to

DI G Bl ock_Cl ear (either directly or indirectly through

DI G_BI ock_Check) unaligns the data buffer if the data buffer was
previously aligned by acall to Al i gn_DMA Buf f er . To use the
Al'i gn_DMA_Buf f er utility function, follow these steps:

1. Allocate abuffer twice as large as the number of data samplesyou
are generating.

2. If you are using digital output, build your digital pattern in the
buffer.

3. Cdl Dl G_G p_Confi g for port assignment.
4. Call DI G_Bl ock_PG _Conf i g to enable pattern generation.

5. Cal Al'i gn_DVMA Buf f er, asdescribed in Chapter 2, Function
Reference, of the NI-DAQ Function Reference Manual.

6. Cal Dl G Bl ock_InorDl G Bl ock_Qut withthe aligned
buffer to initiate the process.

7. Cadl Dl G Bl ock_Cl ear after the pattern generation is finished.

8. BecauseDl G Bl ock_Cl ear unalignsthebuffer, you can access
thedigital input pattern generation asyou would with an unaligned
buffer. If you want to use the same buffer again for digital output
pattern generation, you must call Al i gn_DMA Buf f er again.

Double-Buffered 1/0 with the DIO-32F

With the double-buffered (DI G_DB) digital 1/O functions, you can
input or output unlimited digital data without requiring unlimited
memory. Double-buffered digital 1/0 is useful for applications such as
streaming data to disk and sending long data streams as output to
external devices. For an explanation of double-buffering, refer to
Chapter 5, NI-DAQ Double Buffering.

Digital double-buffered output operations have two options. The first
option isto stop the digital block operation if old datais ever
encountered. Thisoccursif the DI G_DB_Tr ansf er or

DI G_DB_St r Tr ansf er function callsare not keeping pace with the
datainput or output rate; that is, new datais not transferred to or from
the circular buffer quickly enough. For digital input, this option
prevents the loss of incoming data. For digital output, this option
prevents erroneous datafrom being transferred to an external device. If
the group is configured for handshaking, an old data stop is only a
pause and a call to one of the transfer functions will resume the digital
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operation. For pattern generation, an old data stop forces you to clear
and restart the block operation.

The second option, available only to output groups, is the ability to
transfer datathat isless than half the circular buffer sizeto the circular
buffer. This option is useful when long digital data streams are being
output but the size of the data stream is not evenly divisible by the size
of half of the circular buffer. This option imposes the restriction that
the double-buffered digital block output is halted when a partial block
of data has been output. This means that the data from the first call to
DI G DB _Transfer or DI G DB_Str Tr ansf er with acount less
than half the circular buffer size is the last data output by the device.

Notice however, that enabling either of the double-buffered digital
output options causes an artificial split in the digital block buffer,
requiring DMA reprogramming at the end of each half buffer. For a
group that is configured for handshaking, such a split means that a
pause in data transfer can occur while NI-DAQ reprograms the DMA.
For a group configured for pattern generation, this split can cause
glitchesin the digital input or output pattern (time lapses greater than
the programmed period) during DMA reprogramming. Therefore, you
should only enable these options if necessary. Both options can be
enabled or disabled by the DI G_DB_Conf i g function.

Note: ElSA chaining isdisabled if partial transfers are enabled.
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The Counter/Timer Function Group

The Counter/Timer function group contains three sets—the
Counter/Timer (CTR) functions, which perform timing I/O and counter
operations such as pulse generation, frequency generation, and event
counting, theInterval Counter/Timer (I CTR) functions, which perform
interval timing 1/0 and counter operations, and General-Purpose
Counter/Timer (GPCTR) functions, which perform various counting
and timing operations.

Device Support for the Counter/Timer and Interval Counter/Timer
Functions
Use the Counter/Timer (CTR) functions with the following devices:

*  Am9513-based devices
« EISA-A2000
e PC-TIO-10

Usethe Interval Counter (I CTR) functions with the following devices:
+ DAQCard-500
« DAQCard-700

+ Lab-PC+
+ PC-LPM-16
» SCXI-1200

+ DAQPad-1200
+ DAQCard-1200

Use the General -Purpose Counter/Timer (GPCTR) functions with the
E Series devices. Please refer to the GPCTR functions in the NI-DAQ
Function Reference Manual for PC Compatibles for a detailed
description of how to use the GPCTR functions for avariety of
applications.

The Counter/Timer Functions

The Counter/Timer (CTR) functions perform timing I/O and counter
operations on the Am9513-based devices, PC-TIO-10, and

EISA-A2000:
CTR Confi g Specifiesthe counting configuration to
use for a counter.
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CTR_EvCount

CTR_EvRead

CTR_FQOUT_Confi g

CTR Peri od

CTR Pul se

CTR _Rat e

CTR_Reset

CTR_Rest art

CTR Si mul _Op

CTR_Squar e

CTR St ate
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Configuresthe specified counter for an
event-counting operation and startsthe
counter.

Readsthe current counter total without
disturbing the counting process and
returns the count and overflow
conditions.

Disables or enables and sets the
frequency of the 4-bit programmable
frequency output.

Configures the specified counter for
period or pulse-width measurement.

Causes the specified counter to
generate a specified pul se-
programmable delay and pulse width.

Converts frequency and duty-cycle
values of a desired square wave into
the timebase and period parameters
needed for input to the CTR_Squar e
function that produces the square
wave.

Turns off the specified counter
operation and placesthe counter output
driversin the selected output state.

Restarts operation of the specified
counter.

Configures and simultaneously starts
and stops multiple counters.

Causes the specified counter to
generate a continuous sguare wave
output of specified duty cycle and
frequency.

Returns the OUT logic level of the
specified counter.
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CTR_St op Suspends operation of the specified
counter so that NI-DAQ can restart the
counter operation.

Counter/Timer Operation for the CTR Functions

Figure 3-26 shows the 16-hit counters available on the Am9513-based
devices, PC-T10-10, and EISA-A2000.

—| SOURCE

Counter ouT [—

—| GATE

Figure 3-26. Counter Block Diagram

Each counter has a SOURCE input, a GATE input, and an output
labeled OUT.

The counters can use several timebases for counting operations. A
counter can use the signal supplied at any of the Am9513 five
SOURCE or GATE inputs for counting operations. The Am9513 also
makes available five internal timebases that any counter can use:

e 1 MHzclock (1 psresolution)
* 100 kHz clock (10 ps resolution)
e 10 kHz clock (100 ps resolution)
* 1 kHz clock (1 ms resolution)
* 100 Hz clock (10 ms resolution)
Note: A 5 MHzinternal timebase (200 nsresolution) is also available on
SOURCE 2 of the Am9513 on the AT-MIO-16F-5, AT-M10-16X, and

AT-MI0O-64F-5, and on SOURCE 5 for counters 1 to 5 and SOURCE 10
for counters 6 to 10 on the PC-T10O-10.

In addition, you can program the counter to use the output of the next
lower-order counter as asignal source. This arrangement is useful for
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counter concatenation. For example, you can program counter 2 to
count the output of Counter 1, thus creating a 32-bit counter.

Y ou can configure a counter to count either falling or rising edges of
the selected internal timebase, SOURCE input, GATE input, or next
lower-order counter signal.

Y ou can use the counter GATE input to gate counting operations. After
you configure a counter through software for an operation, a signal at
the GATE input can start and stop the counter operation. Thereare nine
gating modes available in the Am9513:

* No Gating—Counter is started and stopped by software.

e High-Level Gating—Counter is active when its gate input is at
high-logic state. The counter is suspended when its gate input is at
low-logic state.

» Low-Level Gating—Counter is active when its gate input is at
low-logic state. The counter is suspended when its gate input is at
high-logic state.

* Rising Edge Gating—Counter starts counting when it receives a
low-to-high edge at its gate input.

e Falling Edge Gating—Counter starts counting when it receives a
high-to-low edge at its gate input.

* High Terminal Count Gating—Counter is active when the next
lower-order counter reaches terminal count (TC) and generates a
TC pulse.

* High-Level Gate N+1 Gating—Counter is active when the gate
input of the next higher-order counter is at high-logic state.
Otherwise, the counter is suspended.

e High-Level Gate N-1 Gating—Counter is active when the gate
input of the next lower-order counter is at high-logic state.
Otherwise, the counter is suspended.

» Special Gating—The gate input selects the reload source but does
not start counting. The counter usesthe value stored in itsinternal
Hold register when the gate input is high, and uses the val ue stored
initsinternal Load register when the gate input is low.

Counter operation starts and stops relative to the selected timebase.
When a counter is configured for no gating, the counter starts at the
first timebase/source edge (rising or falling, depending on the
selection) after the software configures the counter. When a counter is
configured for gating modes, gate signals take effect at the next
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timebase/source edge. For example, if a counter is configured to count
rising edges and to use the falling edge gating mode, the counter starts
counting on the next rising edge after it receives a high-to-low edge on
its GATE input. Thus, some time is spent synchronizing the GATE
input with the timebase/source. This synchronization time creates a
time lapse uncertainty from 0 to 1 timebase period between the
application of the signal at the GATE input and the start of the counter
operation.

The counter generates timing signals at its OUT output. If the counter
iS not operating, you can set its output to one of three states—high-
impedance state, low-logic state, or high-logic state.

The counters generate two types of output signals during counter
operation—TC pulse output and TC toggled output. A counter reaches
TCwhenit counts up (to 65,535) or down (to 0) and rollsover. In many
counter applications, the counter reloadsfrom aninternal register when
it reaches TC. In TC pulse output mode, the counter generates a pulse
during the cycle in which it reaches TC. In TC toggled output mode,
the counter output changes state on the next source edge after reaching
TC. In addition, you can configure the counters for positive logic
output or negative (inverted) logic output. Figure 3-27 shows examples
of the four types of output signals generated.

NI-DAQ User Manual for PC Compatibles 3-96 O National Instruments Corporation



Chapter 3  Software Overview

Timebase
Starting
Signal

TC Toggle
Output

TC Pulse
Output

/

Pl
—

units = timebase period

/]

positive

S.C

negative

positive

negative

0 < sync period < 1

Figure 3-27. Counter Timing and Output Types

Figure 3-27 represents a counter generating a delayed pulse (see
CTR_Pul se) and demonstrates the four forms the output pulse can
take given the four different types of output signals supported. The TC
toggled positive logic output looks like what would be expected when
generating a pulse. For most of the Counter/Timer functions, TC
toggled output isthe preferred output configuration; however, the other
signal types are also available. The starting signal, shown in Figure
3-27, represents either a software starting of the counter, for the no-
gating case, or some sort of signal at the GATE input. The signal could
be either arising edge gate or a high-level gate. If the signal is alow-
level or falling edge gate, the starting signal simply appears inverted.
In Figure 3-27, the counter is configured to count the signal output
changes state with respect to the rising edge of the timebase.

Programmable Frequency Output Operation

The Am9513-based devices and PC-T10-10 provide a 4-bit
programmable frequency output signal. This signal is a divided-down
version of the selected timebase. Any of five internal timebases,
counter SOURCE inputs, and counter GATE inputs can be selected as
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the FOUT source. See the CTR_FOUT_Conf i g function description
in the NI-DAQ Function Reference Manual for FOUT use and timing
information.

Counter/Timer Application Hints

All NI-DAQ counter/timer functions can be broken down into two
major categories—event-counting functions and pulse generation
functions. On the top of those functions, NI-DAQ has utility functions.

CTR_EvCount and CTR_EvRead are the two functions which are
designed for event-counting. See Figure 3-28 for basic building blocks
of event-counter applications. Also, read Event-Counting Applications
later in this chapter for details.

Another major category of counter functionsis pulse generation. With
the NI-DAQ counter functions, you can call CTR_Pul se to generate
apulse or CTR_Squar e to generate atrain of pulses (asquare wave).
To generate apulse or asquare wave, see Figure 3-29 for details on the
function flow. When CTR_Squar e is used with special gating
(gateM ode = 8), you can achieve gate controlled pulse generation.
When the gate input is high, NI-DAQ uses periodl to generate the
pulses. When the gate input islow, NI-DAQ uses period2 to generate
the pulses. If the output mode is TC Toggled, the result is two 50
percent duty square waves of difference frequencies. If the output
modeis TC Pulse, theresult istwo pulse trains of different frequencies.

Another type of gated pulse generation can be called retriggerable
one-shot pulse, where a signal pulseis produced in response to a
hardware trigger. To do this, call CTR_Conf i g and specify edge
gating. Connect your trigger signal to the GATE input. Call
CTR_Squar e to specify your pulse. Subsequently, each edge sent to
the GATE input will produce one cycle of the square wave.

Besides CTR_Squar e, you can also call CTR_FOUT_Confi g to
generate a square wave. The advantage of using CTR_FOUT_Confi g
isthat it does not use a counter to generate the square wave. It uses a
different built-in feature of the counter/timer chip. However, unlike
CTR_Squar e,CTR_FOUT_Conf i g canonly generateasquarewave
with a 50-50 duty cycle.

NI-DAQ has a number of utility functions with which you have more
control over the counters. CTR_St at e isfor checking the logic level
of any counter output. CTR_Reset halts any operation on a counter
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and puts the counter output to a known state. CTR_St op and
CTR_Rest art stop and restart any operation on a counter.

CTR_Si nul _Op can simultaneously start, stop, and restart any
number of counters. Also, CTR_Si mul _Op can simultaneously save
all the current counter valuesto their hold registers, which you can read
later, one at atime. See Figure 3-30 on how to incorporate

CTR_Si nul _Op with other counter functions like CTR_Ev Count
and CTR_Pul se.

Am9513-based device counter configuration settings applied through
CTR_Conf i g persist when waveform generation functions use the
same counter. It is possible, for example, to configure the gating mode
of acounter that will later be used for waveform generation so that you
can externally trigger the operation with a pulse to the counter’ s gate.
See the CTR_Conf i g function in the NI-DAQ Function Reference
Manual for PC Compatibles for more details.
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CTR Config '

CTR_Per
Continuous counting on
active gate signals

Yes No

Start Counting

Configure the
EvCount counter

See Event-Counting
Applications for details
on CTR_EvCount and

i od

Start Counting

[ CTR_EvCount '

CTR_Peri od '

»
\

A

CTR_EvRead '

Yes
Another reading?

Terminate
event counting

[ CTR_Reset '

lNo

Retrieve count value

Figure 3-28. Event Counting
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pulse counter

CTR Config '

»
|

¢ Configure the

Yes No

Single pulse generation?
Convert frequency

to timebase and
period intervals

Generate a pulse ( CTR_Rate '

CTR_Pul se Start pulse train
generation
( CTR _Square )

Yes
Generate a new pulse or &

new pulse train?

No Terminate pulse
generation

CTR_Reset '

Figure 3-29. Pulse Generation
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Call CTR_Conf i g to configure each counter
used for simultaneous operations

CTR Config '

¢ Select all counters for simultaneous operations

( CTR_Si mul _Qp )

¢ Call CTR_EvCount for each counter
selected through CTR_Si mul _Qp

CTR_EvCount '

¢ Simultaneously start all counters

( CTR_Si mul _p )

> ¢ Simultaneously save all counter values

( CTR Si mul _Op )

¢ Call CTR_EvRead to retrieve each counter value

CTR_EvRead '

Yes

Read all counters again?

No Call CTR_Reset for each counter to
terminate event counting

[ CTR Reset ’

¢ Cancel reservation of counters

[ CTRSiiruI _op '

Figure 3-30. Simultaneous Counter Operation
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Event-Counting Applications

CTR_EvCount and CTR_EvRead support four types of event-
counting/timing measurements—event counting, pulse-width
measurement, time-lapse measurement, and frequency measurement.
CTR_EvCount also supports the concatenation of counters such that
you can obtain 32-bit or 48-bit resolution for these measurements.

For event-counting applications, the events counted are the signal
transitions or edges of an input SOURCE signal; therefore, you should
set timebase to a value from 6 through 10. NI-DAQ can count either
low-to-high or high-to-low edges (thisfeatureis sel ected by edgeM ode
inthe CTR_Conf i g function). In addition, you can use the various
gating modes of CTR_Conf i g to control counting. Figure 3-31
illustrates timer event counting.

SOURCE

Event Signal

GATE
Start/Stop Signal

CTR_EvRead Count 1 2 3 4 5 5

Figure 3-31. Timer Event Counting

For pulse-width measurement, you configure a counter to count for the
duration of a pulse. For this application, you can use any timebase,
including an external clock connected to the counter SOURCE input.
Use level gating modes for pulse-width measurements in which the
pulse to be measured is connected to the counter GATE input. Pulse
width is then equal to (event count) = (timebase period). Figure 3-32
shows atypical pulse-width measurement.
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1 1
—pitl ¢—
SOURCE | _ |

Timebase | | |

GATE
Pulse -
CTR_EvRead Count 12 3 4 5 6 7 8 8
Pulse Width 8*tl

Figure 3-32. Pulse-Width Measurement

For time-lapse measurement, you configure acounter to count from the
occurrence of some event. For this application, you can use any
timebase, including an external clock connected to the counter
SOURCE input. You can use edge-triggered gating modes if asingle
counter performs the event counting and if cont = 0. In this case, the
starting event is an edge applied to the GATE input of the counter. The
time lapse from the edge is then equal to (event count) * (timebase
period). If countersareto be concatenated for time-1apse measurement,
use level gating wherethe GATE input signal goes active at the starting
event and stays active.

Frequency measurement isaspecial case of event counting; that is, you
can measure the frequency of an input signal by counting the number
of edges of a signal that occur during a fixed amount of time. For this
application, connect the signal to be measured to the SOURCE input of
the counter and select the appropriate timebase (if ctr = 1, connect the
signal to SOURCEL and usetimebase = 6). Y ou can count either low-
to-high or high-to-low edges (this feature is selected by edgeM ode in
the CTR_Conf i g function). Using level gating and applying a gate
pulse of a known, fixed duration to the GATE input of the counter
constrains event counting to a fixed amount of time. The average
frequency of the incoming signal is then equal to (event count)/(gate
pulse width). Another M10-16 counter can supply the gating pulse for
frequency measurement by connecting the OUT signal from the
counter producing the gating pulse to the GATE input of the counter
doing the counting (see the CTR_Pul se function in the NI-DAQ
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Function Reference Manual for more information). Figure 3-33
illustrates a frequency measurement.

SOURCE
Periodic Signal 1 1 [ 1 [
1 1
' 1 P
GATE | !
Known Pulse |
1 1
CTR_EvRead Count 'l 2 3 4 !4
Frequency 4/t1

Figure 3-33. Frequency Measurement

For 16-bit resolution event counting and pulse-width, time-lapse, or
frequency measurement, you need to use only one counter. Select cont
= 0 so that you are notified if the counter overflows (see the
CTR_EvRead function in the NI-DAQ Function Reference Manual).
Y ou can use any gating mode. In addition, select TC toggled output
type and positive output polarity during the CTR_Conf i g call so that
overflow detection works properly.

For greater than 16-bit resolution, you can concatenate two or more
counters. Configure alow-order counter to count the incoming edges
or to measure the incoming pulse. Connect the OUT signal of the low-
order counter to the SOURCE input of the next high-order counter by
specifying atimebase of 0 for the next high-order counter. Configure
the next high-order counter to count once every time the low-order
counter rolls over. You can connect the OUT signal of the next high-
order counter to the SOURCE input of an additional counter. The last
counter (referred to as the high-order counter) is the counter that
performs overflow detection. The lower-order counters increment
continuously and generate output pulses whenever they roll over.

For 32-bit counting, use two counters. For 48-bit counting, use three
counters, and so on. The counter configurationsfor concatenated event
counting are as follows:

* Low-order counter configuration
gateM ode: either level gating or no gating
edgeM ode: any value
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outType: TC pulse output type
outPolarity: positive polarity
timebase: any value
cont = 1: continuous counting

* Intermediate counter configuration

edgeM ode: count rising edges (indicates that the low-order
counter rolled over)

gateM ode: no gating
outType: TC pulse output type
outPolarity: positive polarity
timebase = 0: counts lower-order counter output
cont = 1: continuous counting
e High-order counter configuration

edgeM ode: count rising edges (indicates that the low-order
counter rolled over)

gateM ode: no gating

outType: TC toggled output type (for proper overflow detection)
outPolarity: positive polarity

timebase = 0: counts lower-order counter output

cont = 0: counter stops on overflow

Period and Continuous Pulse-Width Measurement
Applications

With the proper use of CTR_Conf i g, CTR _Peri od, and
CTR_EvRead, you can configure a counter to make period or
continuous pulse-width measurements.

Tomakeaperiod measurement, call CTR_Conf i g with gateM ode set
to either rising or falling edge-triggered gating (3 or 4). With rising
edge-triggered gating, a counter can measure the time interval (t1in
Figure 3-34) between two rising edges of the gate signal. With falling
edge-triggered gating, acounter can measure the time interval between
two falling edges of the gate signal. After you call CTR_Confi g and
apply the signal being measured to the appropriate gate, you can call
CTR _Per i od to initiate period measurement. The specified counter
starts counting on the first gate edge and latches the counter value to
the onboard Hold Register after the counter detects a second gate edge.
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After each period measurement, the counter reloads itself with a0 and
starts a new measurement. Figure 3-34 shows a continuous period
measurement.

—>|t1|<—
SOURCE

Timebase | |

GATE

Periodic Signal | | | ] I ] | LI
CTR_EvRead
Latched Count 3 3 3

Period 3*tl 3*tl 3*tl

Figure 3-34. Continuous Period Measurement

Whilethe measurement isoccurring, call CTR_EvRead toretrievethe
counter value saved in the Hold Register. The period is then equal to
the value returned by CTR_EvRead * timebase.

If you choose an improper timebase frequency, CTR_EvRead
retrieves a smaller count value. A small count indicates that the
timebase frequency is either too low or too high compared to the gate
signal. If the timebase frequency istoo low, the counter can only count
afew source edges. However, if the timebase frequency istoo high, the
counter counts too many source edges, causing counter overflow. In
case of counter overflow, asmall count (typically 1 or 2) is saved on
the Hold Register, and the counter reloads itself with a zero and waits
for a new gate trigger to make a new measurement.

For a pulse-width measurement, use the same NI-DAQ calls used for
period measurement, except that you should set gateM ode to high-
level or low-level gating (1 or 2). With high-level gating, a counter can
measure the duration of a positive pulse. With low-level gating, a
counter can measure the duration of a negative pulse. After you call
CTR_Per i od, the counter starts counting after the gate becomes
active. When the gate becomes inactive, the counter value latches to
the Hold Register. You can then call CTR_EvRead to retrieve the
saved value. Pulse width is then equal to the value returned by
CTR_EvRead * timebase. When the counter value is latched to the
Hold Register, the counter reloads itself with a zero and waits for the
gate to go active to begin a new measurement.
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For measuring pulse-width, you need arough estimate of the duration
of the pulse being measured. When you configure a counter to measure
pulse width, the counter continues counting in case of overflow. No
counter value is latched to the Hold Register until the gate signal
becomes inactive. To detect the counter overflow, feed the output of
the pulse-width measurement counter to the source input of an event-
counting counter. If the event-counting counter value is not zero after
the pulse-width measurement, the pulse-width measurement is not
correct.

The Interval Counter/Timer Functions
The Interval Counter/Timer functions perform interval timing 1/0 and
counter operations on the DAQCard-500, DAQCard-700, Lab-PC+,
SCX1-1200, DAQPad-1200, DAQCard-1200, and PC-LPM-16:

| CTR_Read Returns the current contents of the
selected counter without disturbing the
counting process and returns the count.

| CTR_Reset Sets the output of the selected counter
to the specified state.

| CTR _Set up Configures the given counter to
operate in the specified mode.

Interval Counter/Timer Operation for the ICTR
Functions

Figure 3-35 shows the 16-bit counters on the DAQCard-500,
DAQCard-700, Lab-PC+, SCX1-1200, DA QPad-1200,
DAQCard-1200, and PC-LPM-16.

—| CLOCK

Counter ouT |—

—| GATE

Figure 3-35. Interval Counter Block Diagram
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Each counter has a clock input, a gate input, and an output. Y ou can
use acounter to count the falling edges of the signal applied to the CLK
input. The counter gate input gates counting operations. Refer to the
8253 data sheet included in the Lab-PC+ User Manual, SCXI-1200
Register-Level Programmer’s Manual, and DAQPad-1200 Register-
Level Programmer’s Manual and the MSM82C53 data sheet included
in the PC-LPM-16 User Manual, DAQCard-500 User Manual, and
DAQCard-700 User Manual to see how the gate inputs affect the
counting operation in different counting modes.

Interval Counter/Timer Application Hints

NI-DAQ interval counter functions are an interface to the six different
counting modes of 8253 counter chips on these devices. To choose the
mode of operation, call | CTR_Set up. Refer to the | CTR_Set up
function description in the NI-DAQ Function Reference Manual for
descriptions of all six different counter modes.

After acounter isarmed with | CTR_Set up, call | CTR_Read to
retrieve the current counter value. Furthermore, to halt any counter
operation, call | CTR_Reset .

The General-Purpose Counter/Timer Functions

The General-Purpose Counter/Timer (GPCTR) functions perform
counting and timing operations on the E Series devices:

GPCTR_Change_ Customizes the counter operation to fit

Par anet er the requirements of your application
by selecting a specific parameter
setting.

GPCTR _Confi gure_ Assigns the buffer that NI-DAQ will

Buf f er use for a buffered counter operation.

GPCTR_Contr ol Controls the operation of the general-
purpose counter.

GPCTR_Set _ Selects the application for which you

Application will use the general-purpose counter.

The function description in the
NI-DAQ Function Reference Manual
contains many application hints.
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GPCTR_Wat ch Monitors the state of the general-
purpose counter and its operation.

The General-Purpose Counter/Timer Application
Hints

The General-Purpose Counter/Timer (GPCTR) functions perform a
variety of event counting, time measurement, and pulse and pulse train
generation operations, including buffered operations. Refer to the
description of the GPCTR_Set _Appl i cat i on function in the
NI-DAQ Function Reference Manual for details associated with your
application.

The Memory Management Functions

With the NI-DAQ Memory Management functions, you can access
huge buffers (greater than 64 KB) that are not available in some
programming environments such as BASIC and Pascal.

NI _DAQ Mem Al | oc Allocates a buffer from the system far
heap, XM S memory, or DSP memory,
and returns a handle to the buffer.

NI _DAQ Mem At tri but es Returns the attributes of the given
memory object allocated through
NI _DAQ Mem Al |l oc.

NI _DAQ_Mem Copy Copies data from or to memory
allocated through
NI _DAQ Mem All oc.

NI _DAQ Mem Free Rel eases the memory all ocated
through NI _DAQ Mem Al | oc.

NI _DAQ Mem Lock L ocksamemory object and returnsthe
lock handle of the memory object
allocated through
NI _DAQ Mem Al |l oc.

NI _DAQ Mem Unl ock Unlocks a memory object.

To alocate abuffer, call NI _DAQ _Mem Al | oc. When you are ready
to begin adataacquisition process, call Nl _DAQ _Mem Lock withthe
handle returned by NI _DAQ _Mem Al | oc to lock your buffer and
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pass the lock handle to the NI-DAQ function that initiates the data
acquisition process. Y ou can pass the lock handle to any

NI-DAQ function that requires a buffer, such as SCAN_St art ,
WEM Load, DI G_Bl ock_I n, and MDAQ_Set up.

To access the data in the buffer allocated through
NI _DAQ Mem Al | oc, call Nl _DAQ Mem Copy to move the data
from the buffer to an array to which you have direct access.

When you are done with the buffer, call NI _DAQ Mem Unl ock and
NI _DAQ_Mem Fr ee.

NI-DAQ has a standard header or include file for each supported
compiler. For most applications, you should use these standard header
files. However, if you will be using NI _DAQ_Memarrays or DSP
handles in the data acquisition, waveform generation, or digital
functions, these standard header files will cause compiler warnings or
compiler errors because most of the standard header files declare the
buffer parametersin those functions asinteger arrays (DSP handles and
NI _DAQ_Memarrays are long integers). You will receive the same
warnings or errors if you are using float arrays in the data acquisition
or waveform functions with an AT-DSP2200 board.

To eliminate the compiler warnings or errors, use the NI-DAQ header
files with relaxed function prototypes if they are present for your
compiler. However, when you use the relaxed prototypes, be more
careful that you are passing the correct datatypes for all parametersin
the NI-DAQ functions, and avoid passing numeric constants to these
functions because the relaxed function prototypes may cause the
compilersto do less data type checking and type conversion. If you
pass the wrong data type to an NI-DAQ function, the function could
return an error, or your application could fail.

For most compilers, you can typecast theNl _ DAQ Memarraysor DSP
handleswhen you passthem to NI-DAQ functions and use the standard
header filesinstead of using the header files with relaxed prototypes.
Thisway, the compilers still perform all of the data type checking and
conversion for all of the function parameters.

If your compiler returns warnings because you pass NI _DAQ_Mem
arrays or DSP handles to NI-DAQ functions, you can ignore the
warnings.
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The following list explains how different compilers react to the
function prototypesin the header files, and what action you can take to
alleviate problems. Remember, if you are not using NI _DAQ_Mem
arrays or DSP handles, use the standard header files.

C compilersfor DOS:
* Microsoft C

e Turbo C++

e Borland C++

The standard header fileis NI DAQ. H. The Microsoft C compiler will
return awarning that you can ignore if you passan NI _DAQ Mem
array, aDSP handle, or afloat array to an NI-DAQ function with the
standard header file; the C++ compilers will return an error. You can
do one of two things to eliminate the warnings or errors:

1. Usethe NI DAQR. H header files that has relaxed function
prototypes instead of the standard header file. Beware of the
reduced data type checking and conversion.

2. You can typecast the DSP handle or NI _DAQ_Memarray to an
integer pointer type when you call the NI-DAQ functions, as
shown in the following example:

unsi gned | ong buf Handl e;

status = DAQ Op (board, chan, gain, (int far *)bufHandle, count,
sanpl eRat e) ;

C compilers for Windows:
* Microsoft C
* Borland Turbo C++

The standard header file for Microsoft C is WDAQ _C. H; for Borland
C++ it isWDAQ_BC. H. The Microsoft compiler will return a warning
that you canignoreif you passaDSP handleor an NI _DAQ_Memarray
to an NI-DAQ function; the C++ compiler will return an error. To
eliminate the warning or error, you must typecast the DSP handle or
NI _DAQ_Memhandle to an integer far pointer when you pass the
handle to an NI-DAQ function as shown:

unsi gned | ong buf Handl e;

status = DAQ Op (board, chan, gain, (int far *)bufHandle, count,
sanpl eRate) ;
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Pascal compilers:
* Borland Turbo Pascal for DOS
e Turbo Pascal for Windows

For DOS, there is no header file; for Windows, the header fileis
WDAQ_ TP. | NC. You must typecastaDSP handleor anNI _DAQ_Mem
array to a pointer when you passit to an NI-DAQ function, asin the
following example:

var buf Handl e : Longint;

status := DAQ Op (board, chan, gain, Pointer(bufHandle), count,
sanpl eRate) ;

Pascal for DOS users should also read the Borland Turbo Pascal
section in Chapter 1, Using the NI-DAQ Functions, of the NI-DAQ
Function Reference Manual for PC Compatibles.

Visual Basic for DOS:

The standard header fileis NI DAQ. | NC. The Visual Basic compiler

will return errors if you pass a DSP handle or NI _ DAQ Memarray to
the NI-DAQ functions using the standard header file. To eliminate the
errors, use the NI DAQR. | NC header file that has relaxed prototypes.

Beware of the reduced data type checking and conversion.

Visual Basic for Windows:

The standard header fileis WDAQ _VB. BAS, but if you use DSP
handles or NI _DAQ_Memarrays, use the WDAQR_VB. BAS header
instead. WDAQR _VB. BAS has relaxed prototypes. Use the following
calling convention:

status% = DAQ Op (board% chan% gain% BYVAL buf Handl e&, count&,
sanpl eRat e#)

The Visual Basic header files with relaxed prototypes do not cause the
compilers to reduce the amount of data type checking and conversion
on parameters other than those specified as relaxed.
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The RTSI Bus Trigger Functions

The Real-Time System Integration (RTSI) Bus Trigger functions
connect and disconnect signals over the RTSI bus trigger lines:

RTSI _Cl ear

RTSI _Cl ock

RTSI _Conn

RTSI _Di sConn

Disconnects all RTSI bustrigger lines
from signals on the specified device.

Connects or disconnects the system
clock from the RTSI bus.

Connects a device signal to the
specified RTSI bustrigger line.

Disconnects a device signal from the
specified RTSI bus trigger line.

The following devices have an interface to the RTSI bus trigger lines:

AT-A2150
AT-AO-6/10
AT-DIO-32F
AT-DSP2200
AT-MI0O-16
AT-MIO-16D
AT-MIO-16F-5
AT-MIO-16X
AT-MIO-64F-5
AT-MIO-16E-1
AT-MIO-16E-2
AT-MIO-16E-10
AT-MIO-16DE-10
AT-MIO-64E-4
AT-MIO-16XE-50
EISA-A2000
NEC-AIl-16E-4
NEC-AI-16XE-50
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* NEC-MIO-16E-4
*  NEC-MIO-16XE-50

The RTSI busisimplemented via a 34-pin ribbon cable connector on
the AT Seriesand EISA-A2000 devices. Fourteen of the RTSI buslines
are dedicated to a seven-wire trigger bus. Each device that supports a
RTSI bus interface contains a number of useful signals that can be
driven onto, or received from, the trigger lines. Each deviceis
equipped with a switch with which an onboard signal is connected to
any one of the RTSI bus trigger lines through software control. By
programming one device to drive a given trigger line and another
deviceto receive from the sametrigger line, you can hardware connect
thetwo devices. Y ou can use the RTSI Bus Trigger functions described
in this chapter for this type of programmable signal interconnection
between devices.

Through the RTSI bus, you can trigger one device from another device,
share clocks and signals between devices, and synchronize devices to
the same signals. The RTSI bus also can connect signals on asingle
device.

To specify the signals on each device that you can connect to the RTSI
bus trigger lines, each device signal is assigned a signal code number.
Make all references to that signal by using the signal code number in
the RTSI Bus Trigger function calls. The signal codes for each device
that can use the RTSI bus trigger lines are given later in this section.

Each signal listed in this chapter also has asignal direction. If asignal
islisted with a source direction, that signal can drive the trigger lines.
If asignal islisted with areceiver direction, that signal must be
received from the trigger lines. A bidirectional signal direction means
that the signal can act as either a source or areceiver, depending on the
application.
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MIO-16 and AT-MIO-16D RTSI Connections

The M10-16 and AT-MIO-16D contain nine signals that you can
connect to the RTSI bustrigger lines. Table 3-6 shows these signals.

Table 3-6.  MIO-16/16D RTSI Bus Signals

Signal Name Signal Direction | Signal Code
EXTCONV* Bidirectional 0
FOUT Source 1
ouT2 Source 2
GATE1L Receiver 3
SOURCES Receiver 4
OuTs Source 5
STOPTRIG Receiver 6
OuT1 Source 7
START TRIG* Bidirectional 8

The signals GATE1, SOURCES5, OUT1, OUT2, OUT5, and FOUT are
input and output signals from the Am9513 Counter/Timer on the
MIO-16 board. OUT1, OUT2, and OUT5 are outputs of counters 1, 2,
and 5, respectively. FOUT isthe Am9513 programmable frequency
output. GATEL isthe gating signal for counter 1, and SOURCES5 is a
counter source input. The counters and frequency output are
programmed via the counter functions (see The Counter/Timer
Functions section earlier in this chapter for more information).
GATEL, OUT1, OUT2, OUT5, and FOUT are also available on the
device /O connector.

The signals EXTCONV*, STOP TRIG, and START TRIG* are used
for data acquisition timing. These signals are explained in the

DAQ Confi g and DAQ St opTri gger _Confi g function
descriptions in Chapter 2, Function Descriptions, in the NI-DAQ
Function Reference Manual for PC Compatibles.
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AT-MIO-16F-5, AT-MIO-64F-5, and AT-MIO-16X RTSI Connections

The AT-MIO-16F-5, AT-MI0-64F-5, and AT-MI0O-16X contain nine
signals that you can connect to the RTSI bus trigger lines. Table 3-7
shows these signals.

Table 3-7.  AT-MIO-16F-5, AT-MIO-64F-5, and AT-MIO-16X RTSI Bus Signals

Signal Name Signal Direction Signal Code
EXTCONV* Bidirectional 0
FOUT Source 1
ouT2 Source 2
GATE1 Receiver 3
SOURCES Bidirectional 4
OuUT5 Source 5
DACUPTRIG* Receiver 6
OuT1 Bidirectional 7
EXTTRIG* Bidirectional 8

Thesignals GATEL, SOURCES5, OUT1, OUT2, OUT5, and FOUT are
input and output signals from the Am9513 Counter/Timer on the
device. OUTL1, OUT2, and OUT5 are outputs of counters 1, 2, and 5,
respectively. FOUT is the Am9513 programmable frequency output.
GATEL1l isthe gating signal for counter 1, and SOURCES5 is a counter
source input. Program the counters and frequency output via the
counter functions (see The Counter/Timer Functions section earlier in
this chapter for moreinformation). GATEL, OUT1, OUT2, OUT5, and
FOUT are also available on the I/O connector of the AT-MIO-16F-5,
AT-MIO-64F-5, and AT-MIO-16X.

Use the signals EXTCONV* and EXTTRIG* for data acquisition
timing. These signals are explained in The Data Acquisition Functions
section earlier in thischapter. The DACUPTRIG* signal and one of the
OUTx signals (usually OUT5) are for waveform generation.
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E Series Devices RTSI Connections

For information regarding signals on the E Series devices that you can
connect to the RTSI bus, refer to the Sel ect _Si gnal function
description in Chapter 2, Function Reference, of the NI-DAQ Function
Reference Manual for PC Compatibles.

AT-AO-6/10 RTSI Connections

The AT-AO-6/10 contains six signalsthat you can connect to the RTSI
bus trigger lines. Table 3-8 shows these signals.

Table 3-8.  MIO-16/16D RTSI Bus Signals

Signal Name Signal Direction | Signal Code
OuTOo* Source 0
GATE2 Receiver 1
EXTUPD* Source 2
ouT2* Source 3
ouT1* Source 4
EXTUPDATE* Bidirectional 5

ThesignalsGATE2, OUTO*, OUT1*, and OUT2* areinput and output
signals from the MSM82C53 Counter/Timer on the AT-AO-6/10
board. OUTO*, OUT1*, and OUT2* are outputs of counters 0, 1, and
2, respectively. GATE2 is the gating signal for counter 2.

Thesignals EXTUPDATE* and EXTUPD* externally update selected
DACs. TheEXTUPDATE* signal isshared with the /O connector. For
more information about the AT-AO-6/10 signals, see the AT-AO-6/10
User Manual.
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The DIO-32F contains four signals that you can connect to the RTSI
bus trigger lines. Table 3-9 shows these signals.

Table 3-9.  DIO-32F RTSI Bus Signals
Signal Name Signal Direction | Signal Code
REQ1 Receiver 0
REQ2 Receiver 1
ACK1 Source 2
ACK2 Source 3

The signals REQ1 and REQ2 are request signalsreceived from the I/O
connector. An external device drivesthese signals during handshaking.
ACK1 and ACK2 are supplied for handshaking with the DIO-32F over
the RTSI bus. For more information about the DIO-32F signals, seethe
AT-DIO-32F User Manual.

EISA-A2000 RTSI Connections

The EISA-A2000 contains seven signals that you can connect to the

RTSI bus trigger lines. Table 3-10 shows these signals.

O National Instruments Corporation

Table 3-10.  EISA-A2000 RTSI Bus Signals
Signal Name Signal Direction | Signal Code
START* Bidirectional 0
TRIGGER* Bidirectional 1
CLOCKO Source 2
CLOCKI Receiver 3
GATE2 Receiver 4
SOURCE2 Receiver 5
OouT2 Source 6
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The signals GATE2, SOURCEZ2, and OUT2 are input and output
signals from the Am9513 Counter/Timer on the EISA-A2000 board.
GATE2 is the gating signal for counter 2, SOURCE?2 is the source
signal for counter 2, and OUT2 is the output of counter 2. Program
counter 2 via the counter/Timer functions (see The Counter/Timer
Functions section earlier in this chapter).

The signals START*, TRIGGER*, CLOCKO, and CLOCKI are for
data acquisition timing. Y ou can generate these signals locally on the
EISA-A2000 or control them from the RTSI bus, as shown in the
following table.

Signal Name

Description

START*

START* isan active-low signal that initiates a data acquisition sequence. If data
acquisitionislocally controlled, the START* signal pulseslow when atrigger is
generated from software or from the EI SA-A2000 analog trigger or digital
trigger circuitry (posttrigger or pretrigger mode). When locally generated,
START* isasignal source. Alternatively, if the EISA-A2000 is configured to
receive START* from the RTSI bus, adata acquisition sequenceisinitiated
when the board receives alow pulse.

TRIGGER*

TRIGGER* isan active-low signal that activates the sample counter. If data
acquisitionislocally controlled, TRIGGER* pulseslow when the board receives
atrigger either through software (posttrigger mode only) or from the EISA-
A2000 analog trigger or digital trigger circuitry (posttrigger or pretrigger mode).
In pretrigger mode, TRIGGER pulses sometime after START*. In posttrigger
mode, START* drivesthe TRIGGER* signal directly. The RTSI switch may
drive the TRIGGER* signal when the EISA-A2000 is configured for pretrigger
mode only.

CLOCKO

CLOCKO isthe active-high, sample-clock output signal. Therising edge of this
signal initiates a scanning sequence in which al active channels are
simultaneously sampled. Any locally generated sample clock or any clock
received from the I/O connector SAMPCLK* signal can drive CLOCKO.

CLOCKI

CLOCKI istheactive-high, sample-clock input signal. If the RTSI switch drives
CLOCKI, therising edge of thissignal initiates a scanning sequencein which al
active channelsare simultaneously sampled. Thelocally generated sample clock
and /O connector SAMPCLK* signal areignored when the RTSI switch drives
CLOCKI. The EISA-A2000 must use an external sample clock if the RTSI
switch drives CLOCKI (see the A2000_Conf i g function in the NI-DAQ
Function Reference Manual).
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If the RTSI switch drives any of the START*, TRIGGER*, or CLOCKI

signals, locally generated signalsare overwritten. The RTSI switch should
drive TRIGGER* only if the EI SA-A2000 is configured for pretrigger

mode.

AT-A2150 RTSI Connections

The AT-A2150 contains five signals that you can connect to the RTSI
bus trigger lines. Table 3-11 shows these signals.

Table 3-11.  AT-A2150 RTSI Bus Signals
Signal Name Signal Direction | Signal Code
HWTrig* Bidirectional 0
WCAD Source 1
RTSITrig* Source 2
SWTrig* Source 3
RTSI_SWTrig* Receiver 4

The signal WCAD isthe conversion pulse signal that clocksthe ADC.
The signal RTSITrig* isasignal generated by writing to the RTSI

Trigger Register on the AT-A2150 board. Currently, NI-DAQ does not
have this functionality. Y ou must explicitly write to the RTSI Trigger

Register.
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Y ou can use the signals HWTrig*, SWTrig*, RTSI_SWTrig* for data
acquisition timing. These signals may be generated locally or
controlled from the RTSI bus. These signals are explained as follows:

Signal Name

Description

HWTrig*

HWTrig* isthedigital trigger signal. When configured as a source, it can
transmit the digital signal from the external I/O connector or the signal
generated by the internal level-and-slope trigger circuit. When used asa
receiver, the AT-A2150 can act on this signal as the trigger when configured
for pretrigger, posttrigger, or posttrigger with delay mode. Only one board (the
master) should have thisline configured asasource. All other boards using this
signal should be slaves.

SWTrig*

SWTrig* isasignal generated when a pretrigger, or software posttrigger
acquisition has started. This can be connected to RTSI_SWTrig* on another
AT-A2150 to initiate simultaneous acquisitions.

RTS|_SWTrig*

When RTSI_SWTrig* receivesasignal, it hasthe same effect aswriting to the
A/D FIFO Start Register onthe AT-A2150. Thissignal can start apretrigger or
software posttrigger acquisition.

When synchronizing multiple AT-A2150s, take the following steps:
1. Cal Mast er_Sl ave_Confi g to specify the relationship.

2. If al AT-A2150s use acommon timebase, call RTSI _Cl ock to
synchronize the ADC clock signals.

3. Connect trigger signals from the master to the slave.

» For pretrigger mode, connect HWTrig* from the master to
HWTrig* of the slave(s). Connect SWTrig* from the master to
RTSI_SWTrig* of the slave(s).

»  For posttrigger mode or posttrigger with delay mode, connect
HWTrig* from the master to HWTrig* of the slave(s).

»  For software posttrigger mode, connect SWTrig* from the master
to RTSI_SWTrig* of the slave(s).

To remove synchronization of multiple AT-A2150s, use the following
steps:

1. Cadl RTSI _Di sConn to disconnect trigger lines.

2. Cdl Master_Sl ave_Confi g toremove the relationship.
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3. If you used acommon timebase, call RTSI _Cl ock to disconnect
the ADC clock signals.

AT-DSP2200 RTSI Connections

The AT-DSP2200 has three signals that you can connect to the RTSI
bus trigger lines. Table 3-12 shows these signals.

Table 3-12.  AT-DSP2200 RTSI Bus Signals

Signal Name Signal Direction | Signal Code
HWTrig* Bidirectional 0
WCAD Source 1
RTSITrig* Source 2

Thesignal HWTrig* isthedigital trigger signal. The AT-DSP2200 can
receivethissignal from the RTSI bus and use the signal asatrigger, or
the board can use itsinternal level-and-slopetrigger circuit asatrigger
and also send this trigger to other boards viathe RTSI bus. WCAD is
the conversion pulse signal that clocksthe ADC. RTSITrig* isasignal
generated by writing to the RTSI Trigger Register on the
AT-DSP2200. Currently, NI-DAQ does not have this functionality.

Y ou must explicitly writeto the RTSI Trigger Register (with an output
call in C, for example).

When synchronizing multiple AT-DSP2200s, perform the following
steps:

1. Cal Mast er_Sl ave_Conf i g to specify the relationship.

2. If al AT-DSP2200s use a common timebase, call RTSI _Cl ock
to synchronize the ADC clock signals.

To remove synchronization of multiple AT-DSP2200s, perform the
following steps:

1. Cadl Mast er_Sl ave_Confi g to remove the relationship.

2. If you used acommon timebase, call RTSI _Cl ock to disconnect
the ADC clock signals.

Note: You can synchronize multiple AT-DSP2200s and AT-A2150s with the
previous steps.
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RTSI Bus Application Hints

This section gives a basic explanation of how to construct an
application that uses RTSI bus NI-DAQ functions. Flowcharts are a
quick reference for constructing potential applications from the
NI-DAQ function calls.

An application that uses the RTSI bus has three basic steps. The first
step isto connect the signals from the deviceto the RTSI bus. The next
step isto actually execute the work of the application. Thefinal stepis
to disconnect the signals from the RTSI bus. Figure 3-36 illustratesthe
normal order of RTSI function calls.

from RTSI bus

Disconnect board signal i

¢ Connect clock signals on RTSI bus?

C RTSI _d ock )

‘ Connect each device signal to a specified

RTSI bus trigger line. A completed signal path
requires two RTSI _Conn calls.

C RTSI _Conn )
|

¢

RTSI _Di sConn

and clock signals

Disconnect all board
) from RTSI bus

from RTSI bus

Disconnect clock signal ‘ ( RTSI d ear )

C

RTSI _d ock )

'

Figure 3-36. Basic RTSI Application Calls

Call RTSI _Cl ock and/or RTSI _Conn to connect the signals. Each
completed signal path requires RTSI _Conn calls. Thefirst call
specifiesthe device signal to transmit onto aRTSI bustrigger line. The
second call specifies the device signal that will receive a RTSI bus
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trigger line. After the signals are connected, you are ready to do the
actual work of your application.

After you are finished with the RTSI bus, disconnect the device from
the bus. To do this, call RTSI _Di sConn and or RTSI _Cl ock for
each connection made. Alternatively, call RTSI _Cl ear to sever all
connections from your device to the RTSI bus.

The SCXI Functions

SCXI_AO Wite

SCXI _Cal Constants

SCXI _Cal i brate_Setup

O National Instruments Corporation
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Sets the DAC channel on the
SCX-1124 to the specified voltage or
current range. You can also use this
function to write a binary value
directly to the DAC channel, or to
translate a voltage or current value to
the corresponding binary value.

Calculatescalibration constantsfor the
given channel and range or gain using
measured voltage/binary pairs. You
can use this function with any SCXI
analog input or analog output module.
The constants can be stored and
retrieved from NI-DAQ memory or the
module EEPROM (if your module has
an EEPROM). The driver uses the
calibration constants to more
accurately scale analog input data
when you use the SCXI _Scal e
function and output data when you use
SCXI _AO Wite.

Used to ground the amplifier inputs of
an SCX1-1100, SCX1-1122, or
SCXI1-1141 so that you can determine
the amplifier offset. You can also use
this function to switch a shunt resistor
across your bridge circuit to test the
circuit. Shunt calibration is supported
for the SCX1-1122 module or the
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SCXI _Change_Chan

SCXI _Configure_
Filter

SCXl _Get _Chassis_
I nfo

SCXI _Get _Modul e _Info

SCXI _Get _State

SCXI _Get _St at us

SCXI _Load_Config

SCXI _MuxCtr_Set up
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SCX1-1121 module with the
SCX1-1321 terminal block.

Selectsanew channel of amultiplexed
module that has previously been set up
for a single-channel operation using
the SCXI _Si ngl e_Chan_Set up
function.

Sets the specified channel to the given
filter setting on any SCXI module that
supports programmable filter settings

(SCX1-1122 and SCXI-1141).

Returns chassis configuration
information.

Returns configuration information for
the given SCXI chassis slot number.

Getsthe state of asingle channel or an
entire port on any digital or relay
module.

Reads the datain the status register on
the specified module. Y ou can use this
function with the SCX1-1160 or
SCX1-1122 to determine if the relays
have finished switching, with the
SCX1-1124 to determine if the DACs
have settled, or with the SCX1-1102 to
determine if the module has settled
after changing gains.

L oads the SCXI chassis configuration
information that you established in the
configuration utility. Setsthe software
states of the chassis and modules
present to their default states. No
changes are made to the hardware
states of the SCXI chassis or modules.

Enables or disables the mux-counter
during SCXI channel scanning to
synchronize the M1O and Al device
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SCXI _Reset

SCXI _Scal e

SCXI _SCAN_Set up

SCXl _Set _Config

SCXI _Set _Gain

SCXI _Set _I nput _Mode
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scan list with the module scan list that
you have downloaded to Slot O of the
SCXI chassis using the

SCXI _SCAN_Set up call (MIO and
Al devices only).

Resets the specified module to its
default state. You can also use

SCXI _Reset toreset the Slot 0
scanning circuitry or to reset the entire
chassis.

Scalesan array of binary dataacquired
from an SCXI channel to voltage.

Sets up the SCXI chassis for a
multiplexed scanning data acquisition
operation to be performed by the given
DAQ device. The function downloads
amodule scan list to Slot 0 that will
determine the sequence of modules
that will be scanned and how many
channels on each module will be
scanned. Each module will be
programmed with its given start
channel. Any contention on the
SCXlbusis resolved.

Changesthe configuration of the SCXI
chassis that you established in the
configuration utility. Setsthe software
states of the chassis and modules
specified to their default states. No
changes are made to the hardware
states of the SCX| chassis or modules.

Setsthe specified channel to the given
filter setting on any SCX| module that
supports programmabl e gain settings
(SCXI1 1100, SCX1-1102, SCXI-1122,
and SCX1-1141).

Configures the SCX1-1122 for 2-wire
mode or 4-wire mode.
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SCXI _Set _State

SCXI _Si ngl e_Chan_
Set up

SCXI _Track_Hol d_
Control

SCXI _Track_Hol d_
Set up

SCXI Application Hints

Sets the state of a single channel or an
entire port on any digital or relay
module.

Sets up a multiplexed module for a
single-channel analog input operation
to be performed by the given DAQ
device. Sets the module channel,
enables the modul e output, and routes
the module output on the SCXIbus if
necessary. Resolves any contention on
the SCXIbus. Y ou can also use this
function to read the temperature sensor
on aterminal block connected to the
front connector of the module.

Controls the Track/Hold state of an
SCX1-1140 module that you have
configured for a single-channel
operation.

Establishesthe Track/Hold behavior of
an SCX1-1140 module, and sets up the
module for either a single-channel
operation or an interval-scanning
operation.

There are three categories of SCX| applications—anal og input
applications, analog output applications, and digital applications.

Figure 3-37 shows the basic structure of an SCX| application.
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Load SCXI configuration that was entered in the
configuration utility and initialize software

defaults
C SCXI _Load_Confi g )

Reset the chassis and modules to
their default hardware settings

( SCXI _Reset )
l l l

( Analog Input Operations ) ( Analog Output Operations) ( Digital Operations )

No

Yes

Reset the chassis and modules to
their default hardware settings

C SCXI _Reset )

Figure 3-37. General SCXIbus Application

The figuresin the following sections show the detailed call sequences
for different types of SCXI operations. In effect, each of the remaining
flowchartsin this section is an enlargement of the Analog I nput
Operations, the Analog Output Operations, or the Digital Operations
node in Figure 3-37. Please refer to the function descriptionsin
Chapter 2, Function Reference, of the NI-DAQ Function Reference
Manual for detailed information about each function used in the
flowcharts.
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The SCXI1 analog input applications can be divided further into two
categories—single-channel applications and channel-scanning
applications. The distinction between the two categoriesis simple—
single-channel applications do not involve automatic channel
switching by the hardware during an analog input process; channel-
scanning applications do.

Single-channel applications use the Al or the DAQ class of functions
described earlier in this chapter to acquire the input data after you have
set up the SCXI system. To acquire data from more than one channel,
you need multiple Al or DAQfunction calls, and you may need explicit
SCXI function callsto change the SCXI channel that has been sel ected;
this specific type of single-channel application isreferred to as
software scanning.

Channel-scanning applications use the SCAN and Lab_ | SCAN classes
of functions described earlier in this chapter to acquire the input data
after you have set up the SCXI system.

Building Analog Input Applications in Multiplexed
Mode

Multiplexed applications require the use of SCXI functions to select
the multiplexed channels, select the programmable module features,
route signals on the SCXIbus, and program Slot 0. After you have set
up the SCXI chassis and modules, you can usethe Al , DAQ, SCAN, and
Lab_I SCAN functions to acquire the data either with a plug-in DAQ
device or the SCX1-1200. The channel parameter that is passed to each
of these functionsis almost always 0 because, by default, the
multiplexed output of amodule is connected to analog input channel 0
of the DAQ device or SCXI-1200. When you use multiple chassis, the
modules in each chassis are multiplexed to a separate analog input
channel. In that case, the channel parameters of the Al , DAQ, SCAN,
and Lab_| SCAN functions should be the DAQ device channel that
correspondsto the desired chassisfor the operation. Y ou cannot use the
SCX1-1200 with multiple chassis.

Figure 3-38 shows the function call sequence of a single-channel or
software-scanning application using an SCX1-1100, SCX1-1102,
SCX1-1120, SCX1-1121, SCX1-1122, or SCX1-1141 modul e operating
in Multiplexed mode.
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Set up the chassis for a single-channel analog input
operation on a specified channel on a specified module

(SCXI _Si ngl e_Chan_Set u;D

»

= If the desired module has programmable gain
and the current module gain setting is not
desirable, change to the desired gain.

( SCXI _Set _Gai n )

Acquire data from the v
)deswed channel on the (Single-ChanneI Data AcquisitiorD
module using the Al
functions or the DAQ
functions.

\
( Single Analog Input

If desired, change the
selected channel on
the module

( SCXI _Change_Chan )

-

Y  Have you acquired all the data you
need from this module?

No

¢ Yes

Figure 3-38. Single-Channel or Software-Scanning Operation Using the SCXI-1100, SCXI-1102, SCXI-1120,
SCXI-1121, SCXI-1122, or SCXI-1141 in Multiplexed Mode

The SCXI _Si ngl e_Chan_Set up function selects the given
channel to appear at the module output. If the given module is not
directly cabled to the DAQ device, the function sends the module
output on the SCXIbus and then configures the module that is cabled
to the DAQ deviceto send the signal that is present on the SCXIbus to
the DAQ device.
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The SCXI _Set _Gai n function changes the gain of an SCX1-1100,
SCX1-1102, SCX1-1122, or SCX1-1141 module. The module maintains
this gain setting until you call the function again to changeit. Y ou can
also do any other module-specific programming at this point, such as
SCXI _Configure_Filter or SCXI _Set | nput _Mbde.

To achieve software scanning, select adifferent channel on the module
using the SCXI _Change_Chan function after acquiring data from
the desired channel with the Al or DAQfunctions. If you want a
channel on a different module, you must call the

SCXI _Si ngl e_Chan_Set up function again to enable the
appropriate module outputs and manage the SCXIbus signal routing.

Figure 3-39 shows the function call sequence of a single channel or
software scanning application using an SCX1-1140 in Multiplexed
mode.
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Configure the desired module
for a single-channel operation

(SCXI _Track_Hol d_Set up)

Set up the chassis for a single-channel analog input operation on
a specified channel on a specified module

(SCXI _Si ngl e_Chan_Set up)

»

Latch the analog inputs by

o ¢ putting the module into Hold mode

@CXI _Track_Hol d_Contr OD

<

Acquire data from the
desired channel on the
( Single Analog Input ) module using the Al
functions
If desired, change the If desired, change the
selected channel on the module selected channel on the module
( SCXI _Change_Chan ) ( SCXI _Change_Chan )
\ ) .
Do you wish to take more data while
the module is in Hold mode?
Maintain

Hold mode? Yes

No .
Put the module back into Track mode
to sense the new input values

(SCXI _Track_Hol d_Set up)

¢ Have you acquired all the data
you need from this module?

¢ Yes

Figure 3-39. Single-Channel or Software-Scanning Operation Using the SCXI-1140 in Multiplexed Mode
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Notice the similarities between Figure 3-39 and Figure 3-41, which
shows the corresponding application in Parallel mode. The

SCXI _Track_Hol d_Set up calsand the

SCXI _Track_Hol d_Contr ol callsarethe same. In Multiplexed
mode, however, an SCXI _Si ngl e_Chan_Set up call isrequired to
select the multiplexed channel and route the output to the DAQ device
or SCX1-1200 appropriately. The SCXI _Change_Chan call can
change the channel on the module either while the moduleisin Hold
mode or after the module has been returned to Track mode.

Figure 3-40 shows the function call sequence of a channel-scanning
application in Multiplexed mode. Remember that only the M10 and Al
devices, the Lab-PC+, the SCX1-1200, and the DAQCard-1200 support
channel scanning in Multiplexed mode. Y ou can use any combination
of module types in a scanning operation. If any SCX1-1140 modules
are to be scanned, you must use interval scanning; and if you are using
aplug-in DAQ device, the module that is directly connected to the
DAQ device must be an SCXI-1140.
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Configure each SCXI-1140 in the module
scan list for interval scanning

SCXI _Track_Hol d_Set up

Specify the module scan list, the start channel of each module, and
the number of channels to scan on each module

SCXI _SCAN_Set up

Set the gain and/or filter settings of each SCXI-1100, SCXI-1102, SCXI-1122,
or SCXI-1141 module in the module scan list

SCXI _Set _Gai n
and/or
SCXI _Configure_Filter

Set up the Mux Counter on the DAQ device so that
the total number of samples to be taken in one scan on the
DAQ device is equal to the total number of channels
in one scan of the module scan list. This step is needed for
MIO devices only.

SCXI _MuxCtr _Set up

functions. Remember, if there are any SCXI-1140

l Acquire the data using the SCANor Lab_| SCAN
modules to be scanned, you must use interval scanning.

Scanned Data Acquisition

No Have you acquired all the data you need?

Yes

> ‘ Disable the Track/Hold setup of the SCXI-1140 modules to free the
counter resource on the DAQ device

SCXI _Track_Hol d_Set up

$

Figure 3-40. Channel-Scanning Operation Using Modules in Multiplexed Mode
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If any of the modules to be scanned are SCXI-1140 modules, you must
establish the Track/Hold setup of each one. If you want to synchronize
multiple SCX1-1140 modules, you can configure the module that is
receiving the Track/Hold control signal to send the Track/Hold signal
on the SCXIbus so that any other SCX1-1140 modules can use it. The
Track/Hold signal can be from either the DAQ device counter or an
external source.

The SCXI _SCAN_Set up call establishes the module scan list, which
NI-DAQ downloads to Slot 0. Each module is programmed for
automatic scanning starting at its given start channel. If you will need
the SCX1bus during the scan to route the outputs of multiple modules,
this function resolves any contention. If you are using an SCX1-1200,
you can include the SCX1-1200 in the module scan list.

In many of the data acquisition function descriptions in Chapter 2,
Function Reference, of the NI-DAQ Function Reference Manual, the
count parameter descriptions specify that count must be an integer
multiple of the total number of channels scanned. In channel-scanning
acquisitions in Multiplexed mode, the total number of channels
scanned is the sum of all the elementsin the numChans array in the
SCXI _SCAN_Set up function call.

If any of the modules in the module scan list are SCX1-1100,
SCX1-1102, SCX1-1122, or SCX1-1141 modules, you can use

SCXI _Set _Gai n to changethe gain setting on each module. Y ou can
also use the SCXI _Confi gure_Fi |l t er function for the
SCX1-1122 and SCX1-1141 and the SCXI _Set _| nput _Mode
function for the SCX1-1122.

The SCXI _MuxCt r _Set up call synchronizes the module scan list
with the DAQ device or SCX1-1200 scan list. In most cases (especially
when using interval scanning), it is best to ensure that the number of
samples NI-DAQ takes in one pass through the module scan list isthe
same as the number of samples NI-DAQ takes in one pass through the
DAQ device scan list. Please refer to the SCXI _MuxCt r _Set up
function description in the NI-DAQ Function Reference Manual.

After you have set up the SCXI chassis and modules, you can perform
more than one channel-scanning operation using the SCAN or

Lab_| SCAN functions without reconfiguring the SCXI chassis or
modul es.
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When you are using the SCX1-1200 to acquire the data, you should
pass channel OtotheLab_| SCANfunctions; the SCXI Slot O will take
care of all the channel switching.

Building Analog Input Applications in Parallel Mode

When you operate the SCX1-1120, SCX1-1121, and SCX1-1141
modules in Parallel mode, no further SCX1 function calls are required
beyond those shown in Figure 3-37 to set up the modules for analog
input operations. After you haveinitialized and reset the SCX| chassis
and modules, you can use the Al , DAQ, SCAN, or Lab_| SCAN
functions with the DA Q device. Remember that the channel and gain
parameters of the Al , DAQ, SCAN, and Lab_ | SCANfunctions refer to
the DAQ device channels and gains.

For example, to acquire asinglereading from channel 0 on the module,
call the Al _Read function with the channel parameter set to 0. The
gain parameter refers to the DAQ device gain. Y ou can then use the
SCXI _Scal e function to convert the binary reading to avoltage. The
Al _VRead function call is not generally useful in SCXI applications
because it does not take into account the gain applied at the SCXI
module when scaling the binary reading.

To build a channel-scanning application using the SCX1-1120,
SCX1-1121, or SCX1-1141 in Parallel mode, use the SCAN and
Lab_| SCAN functions to scan the channels on the DAQ device that
correspond to the desired channels on the module. For example, to scan
channels 0, 1, and 3 on the module using an M10-16 device, call the
SCAN_Op function with the channel vector set to {0, 1, 3}. Thegain
vector should contain the M1O and Al device channel gains. After the
datais acquired, you can demultiplex it and send the data for each
channel to the DAQ VScal e function. Remember to pass the total
gain to the DAQ_VScal e function to obtain the voltage read at the
input of the module.

In many of the data acquisition function descriptions in Chapter 2,
Function Reference, of the NI-DAQ Function Reference Manual, the
count parameter descriptions specify that count must be an integer
multiple of the total number of channels scanned. In channel-scanning
acquisitions in Parallel mode, the total number of channels scanned is
the numChans parameter in the SCAN_Set up, SCAN_Op,
SCAN_to_Di sk, Lab_| SCAN_Start,Lab_| SCAN Op, or
Lab_| SCAN t o_Di sk function calls.
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When you use the SCX1-1200 modulein Parallel mode, you simply use
the Al , DAQ, or Lab_1 SCAN functions described earlier in this
chapter with the logical device number you assigned in the
configuration utility. Y ou cannot use the SCX1-1200 to read channels
from other anal og input modules that are configured for Parallel mode.

The SCX1-1100, SCX1-1102, and SCX1-1122 operate in Multiplexed
mode only.

The SCX1-1140 module requires the use of SCXI functions to
configure and control the Track/Hold state of the module before you
can use the Al , DAQ, SCAN, and Lab_ | SCAN functions to acquire
the data. Figure 3-41 shows the function call sequence of a single-
channel (or software-scanning) operation using the SCX1-1140 module
in Parallel mode.
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‘ Configure the desired
model for a single-channel operation

@CXI _Track_Hol d_Set upD

[

- Latch the analog inputs by putting the
module into Hold mode

@CXI _Track_Hol d_Contr OD

Acquire data from the

Single Analog Input

desired channel on the
) module using Al
functions

¢ Do you wish to take more data while
the module is in the Hold mode?

Maintain Hold
mode?

Yes

No
Put the module back into Track
mode to sense the new input values.

CSCXI _Track_Hol d_Contr OD

Have you acquired all the data you need?

Yes
Disable the Track/Hold setup of the module to
free the counter resource on the data

CSCXI _Track_Hol d_Set ua

aquisition board

¢

Figure 3-41. Single-Channel or Software-Scanning Operation Using the SCXI-1140 in Parallel Mode
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Theinitial SCXI _Track_Hol d_Set up call signals the driver that
the module will be used in a single-channel application, and puts the
module into Track mode. The first SCXI _Tr ack_Hol d_Cont r ol
call will latch, or sample, all the module inputs; subsequent Al calls
will read the voltages that were sampled. It isimportant to realize that
all Al operations that occur between the first

SCXI _Track_Hol d_Cont r ol call, which puts the module into
Hold mode, and the second control call, which puts the module into
Track mode, acquire data that was sampled at the time of the first
control call. One or more channels may be read while the moduleisin
Hold mode. After you put the module back into Track mode, you can
repeat the process to acquire new data.

Remember that the channel and gain parameters of the Al function
callsrefer to the DAQ device channels and gains. Simply use the data
acquisition channel s that correspond to the desired modul e channels as
described earlier in this section. Y ou must also be aware of the
SCXI1-1140 Track/Hold timing requirementsthat were described in The
SCXI-1140 section of Chapter 2, Hardware Overview.

Figure 3-42 shows the function call sequence of a channel-scanning
application using the SCX1-1140 in Parallel mode.
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¢ Configure the desired module for
interval scanning

( SCXI _Track_Hol d_Set up)

> Acquire data from the desired channels using
interval scanning with the SCANand Lab_| SCAN
functions
( Scanned Data Acquisition )
¢ Have you acquired all the data you need?

No

Yes .
¢ Disable the Track/Hold setup of the module to
free the counter resource on the data

isiti
( SCXI _Track Hol d_Set up) acquisition board

'

Figure 3-42. Channel-Scanning Operation Using the SCXI-1140 in Parallel Mode

The call sequence is much simpler because the scan interval timer
automatically controls the Track/Hold state of the module during the
interval-scanning operation. Remember that only the M10-16,
Lab-PC+, SCXI-1200, and DAQCard-1200 devices support channel-
scanning using the SCX1-1140 module.

SCXI Data Acquisition Rates

The settling time of the SCX1 modules may affect the maximum data
acquisition rates that your DAQ device can achieve. The settling times
and maximum rates of the different SCXI modules at each gain setting
are listed in Table 3-13. If the maximum rate listed for your SCXI
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module is slower than the applicable maximum rate of your DAQ
device, you will have to use the maximum rate listed in Table 3-13.

Table 3-13.  Maximum SCXI Data Acquisition Rates

SCXI Module Gain Maximum Settling Time
Acquisition Rate

SCXI1-1100 1to 100 143 kS/s 7 s

200 100 kS/s 10 ys

500 62.5kS/s 16 ps

1,000, 2,000 20kS/s 50 ps
SCX1-1102 1 See the SCXI-1102 User Manual.

100 See the SCXI-1102 User Manual.
SCXI1-1120 1t0 2,000 143 kS/s 7 s
SCXI-1121 1t0 2,000 143 kS/s 7 s
SCX1-1122 0.01,0.02,0.05,0.5,0.2,0.1,1,| 100kS/s 10 ps

2,5, 10, 20, 50, 100, 200, 500,

1,000, 2,000
SCXI1-1140 1to 500 143 kS/s 7 s
SCX1-1200 1,2,5,10,20 55 kS/s 18 s

50 33.3kS/s 30 ps

100 33.3kS/s 50 ps
SCX1-1141 1to 100 143 kS/s 7 s

The acquisition rate of the SCX1-1200 moduleis limited by the rate at
which your PC can service interrupts from the parallel port. Thisisa
machine-dependent rate.

The filter setting on the SCX1-1100 and the SCX1-1122 will
dramatically affect settling time. See Appendix A in your SCXI-1100
User Manual or SCXI-1122 User Manual for details.
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The SCX1-1122 uses relays to switch the input channels; the relays
require 10 msto switch, so the sampling rate in a channel scanning
operation cannot exceed 100 Hz. If you want to take many readings from
each channel and average them to reduce noise, you should usethesingle-
channel or software-scanning method shown in figure 3-40 instead of the
channel-scanning method shown in figure 3-42. This means you select
one channel on the module, acquire many samples on that channel using
the DAQfunctions, select the next channel, and so on. Thiswill increase
the lifetime of your module relays. Once you have selected a particular
channel, you can use the fastest sample rate your DAQ device supports
with the DAQfunctions.

Analog Output Applications

Using the SCXI-1124 analog output module with the NI-DAQ
functionsis very simple. Just call the SCXI _AO_W i t e function to
write your desired voltages to the DAC channels on the module. Y ou
can use the SCXI _Get _St at us function, if you wish, to determine
when the DAC channels have settled to their final analog output
voltages.

If you want to calculate new calibration constants for

SCXI _AO Wit e tousefor the voltage to binary conversion instead
of the factory calibration constants that are shipped in the module
EEPROM, follow the procedure outlined in the

SCXI _Cal _Const ant s function description.

Digital Applications

If you configured your digital or relay modules for Multiplexed mode,
usethe SCXI _Set St at e and SCXI _Get _ St at e functions to
access your digital or relay channels.

If you are using the SCX1-1160 module, you may wish to use the
SCXI _Get _St at us function after calling the SCXI _Set St at e
function. SCXI _Get _St at us will tell you when the SCXI1-1160
relays have finished switching.

If you are using the SCX1-1162 or SCX1-1162HV module,

SCXI _Cet _St at e will read the modul e input channels. For the other
digital and relay modules, SCXI _Get _St at e will return a software
copy of the current state that NI-DAQ maintains. However, if you are
using the SCX1-1163 or SCX1-1163R in Parallel mode,

SCXI _Cet _St at e will read the hardware states.
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If you are using the SCX1-1162, SCX1-1162HV, SCX1-1163, or
SCXI1-1163R in Parallel mode, you can use the SCX| functions as
described above, or you can call theDI G | n_Port and

DI G_Qut _Port functions using the correct DAQ device port
numbers that correspond to the SCX| module channels. The DIO-24
and DI0O-96 and The DIO-32F sections in Chapter 2, Hardware
Overview, list the onboard port numbers that are used for each type of
deviceif the SCX1-1162, SCX1-1162HV, SCXI-1163, or SCX1-1163R
is configured for Parallel mode. The MIO and Al devices, Lab-PC+,
and SCX1-1200 cannot use the SCX1-1162, SCX1-1162HV,
SCX1-1163, or SCX1-1163R in Parallel mode.

The Transducer Conversion Functions

Source code for transducer conversion functions is included with
NI-DAQ. The Transducer Conversion functions convert analog input
voltages read from thermocouples, RTDs, thermistors, and strain
gauges into units of temperature or strain:

RTD_Convert Both single-voltage and voltage-buffer
routines are supplied that convert
voltages read from an RTD into
resistance and then into temperaturein
Celsius, Fahrenheit, kelvin, or
Rankine.

Strai n_Convert Both single-voltage and voltage-buffer
routines are supplied that convert
voltages read from a strain gauge into
measured strain using the formula
appropriate to the strain gauge bridge
configuration used.

Therm st or _Convert Both single-voltage and voltage-buffer
routines are supplied that convert
voltages read from thermistors into
temperature.

Ther nocoupl e_Convert Bothsingle-voltage and voltage-buffer
routines are supplied that convert
voltagesread from E-, J-, K-, R-, S-, or
T-typethermocouplesinto temperature
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in Celsius, Fahrenheit, kelvin, or
Rankine.

NI-DAQ for PC compatiblesinstallsthe sourcefilesfor these functions
in the same directories as the example programs. Y ou can cut and
paste, include, or merge these conversion routinesinto your application
source files so that you can call the routines in your application. One
of the SCXI example programs includes the thermocouple conversion
routine, so you can refer to that program to see how the conversion is
incorporated into an application.

The conversion routines were included in NI-DAQ as source files
rather than driver function calls so that you have compl ete accessto the
conversion formulas. Y ou can edit the conversion formulas or replace
them with your own to meet the specific accuracy requirements of your
application. Comments in the conversion source code facilitate any
editing you feel is necessary.

Thereis a header file for each language that contains the constant
definitions used in the conversion routines. Include or merge this
header file into your application program.

The transducer conversion routine descriptions apply to all languages.

Transducer Conversion Function Descriptions

RTD_Convert

RTD_Buf_Convert

Purpose

Converts a voltage or voltage buffer that NI-DAQ read from an RTD into temperature.

Parameter Discussion

convTypeisan integer that indicates whether to use the given conversion formula, or to
use a user-defined formula that you have put into the routine.

0: Use the given conversion formula.

-1: Use a user-defined formula that has been added to the routine.

| ex isthe excitation current that was used withthe RTD. If aOispassed in | ex, adefault
excitation current of 0.15 mA is assumed.
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Ro isthe RTD resistance at 0° C.
A and B are the coefficients of the Callendar Van-Dusen equation that fit your RTD.

TempScale is an integer indicating in which temperature units you want your return
valuesto be. Constant definitions for each temperature scale are given in the conversion
header file.

1. Celsius

2: Fahrenheit

3: Kelvin

4. Rankine

The RTD_Convert routine has two remaining parameters—RTDVolts is the voltage
that NI-DAQ read from the RTD, and RTDTemp is the return temperature value.

The RTD_Buf _Convert routine has three remaining parameters—numPtsis the
number of voltage pointsto convert, RTDVoltBuf isthe array that contains the voltages
that NI-DAQ read from the RTD, and RTDTempBuf isthereturn array that will contain
the temperatures.

Using This Function

The conversion routines first find the RTD resistance by dividing RTDVolts (or each
element of RTDVoltBuf) by I ex. The function converts that resistance to atemperature
using a solution to the Callendar Van-Dusen equation for RTDs:

Rt = Ro[1 + At + Bt2 + C(t-100)t3 ]
For temperatures above 0° C, the C coefficient is 0 and the equation reduces to a

quadratic equation for which we have found the appropriate root. Thus, these conversion
routines are accurate only for temperatures above 0° C.

Y our RTD documentation should give you Ro and the A and B coefficients for the
Callendar Van-Dusen equation. The most common RTDsare 100 Q platinum RTDsthat
either follow the European temperature curve (also known as the DIN 43760 standard)
or the American curve. The values for A and B are asfollows:

»  European Curve (DIN 43760):
A =3.90802 x 103
B =-5.80195 x 10”7
(a0 =3.85x 103; 0 = 1.492)
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* American Curve:

A =3.9784x 103

B =-5.8408 x 107

(0 =3.92x 1073; 9 = 1.492)
Some RTD documentation contains values for a and 9, from which you can calculate A
and B using the following equations;

A =a(1 + 0/100)

B = -a /1002

where a is the temperature coefficient at T = 0° C.

Strain_Convert

Strain_Buf_Convert

Purpose

Converts a voltage or voltage buffer that NI-DAQ read from a strain gauge to units of
strain.

Parameter Discussion

bridgeConfigis an integer indicating in what type of bridge configuration the strain
gauge is mounted. Figure 3-43 shows all the different bridge configurations and the
corresponding values that you should pass in bridgeConfig.

Vex isthe excitation voltage that you used. If the value of Vex is 0, adefault excitation
voltage of 3.333 V isassumed. The SCXI-1121 module provides for excitation voltages
of 10 V and 3.333 V. The SCX1-1122 module provides for an excitation voltage of
3.333V.

GF isthe gauge factor of the strain gauge.
v is Poisson's Ratio (only needed in certain bridge configurations).
Rg is the strain gauge nominal value.

RL isthe lead resistance. In many cases, the lead resistance is negligible and you can
pass avalue of O for RL to the routine. Otherwise, you can measure RL to be more
accurate.
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Vinit isthe unstrained voltage of the strain gauge after it has been mounted in its bridge
configuration. Y ou should read thisvoltage at the beginning of your application and save
it to pass to the strain gauge conversion routines.

The St rai n_Convert routine has two remaining parameters—strainVoltsis the
voltagethat NI-DAQ read from the strain gauge, and strainVal isthereturn strain value.

The St rai n_Buf _Convert routine hasthree remaining parameters—numpPtsisthe
number of voltage points to convert, strainVoltBuf is the array that contains the
voltages that NI-DAQ read from the strain gauge, and strainValBuf is the return array
that will contain the strain values.

Using This Function

The conversion formula used is based solely on the bridge configuration. Figure 3-43
shows the seven bridge configurations supported and the corresponding formulas. For
all bridge configurations, NI-DAQ uses the following formulato obtain Vr:

Vr = (strainVolts - Vinit) / Vex

In the circuit diagrams shown in Figure 3-43, Vourt is the voltage you measure and pass
totheSt rai n_Convert function asthe strainVolts parameter. In the quarter-bridge
and half-bridge configurations, R1and R2 are dummy resistors that are not directly
incorporated into the conversion formula. The SCX1-1121 and SCX1-1122 modules
provide R1and Rz for a bridge-completion network, if needed. Refer to your Getting
Started with SCXI manual for more information on bridge-completion networks and
voltage excitation.
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bridgeConfig = 1 (QTR_BRIDGE_]I) bridgeConfig = 2 (QTR_BRIDGE_II)
i - A L ; — -4Vr RL
strain (g) = CEA+ 2V (L + g) strain (g) = m) . (1 + 8:5)

+__
Vex =
bridgeConfig = 3 (HALF_BRIDGE_) bridgeConfig = 4 (HALF_BRIDGE_II)
; - -4Vr . RL = 2Vr
strain (€) CFIA ) - 2V (v-D)] (1+ Rg) strain (g) = (1+ )
Vex Vex
bridgeConfig = 5 (FULL_BRIDGE_]) bridgeConfig = 6 (FULL_BRIDGE_II)
. _ -\ i = -2Vr
strain (g) = e strain () SF(v+D)

bridgeConfig = 7 (FULL_BRIDGE_III)

. - -2Vr
strain (8) = —== [(v+1)-Vr(v-1)]

Figure 3-43. Strain Gauge Bridge Configuration
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Thermistor_Convert

Thermistor_Buf_Convert

Purpose

Converts a voltage or voltage buffer that was read from a thermistor to temperature.
Some SCX| terminal blocks have onboard thermistors that you can use to do cold-
junction compensation.

Parameter Discussion

Vref isthe voltage reference you apply across the thermistor circuit (see Figure 3-44).
The thermistor on the SCXI terminal blocks hasaVref of 2.5V.

R1 isthe value expressed in Ohms of the resistor in series with your thermistor (see
Figure 3-44). The thermistor on the SCXI terminal blocks has an R1 value of 5,000 Q.

TempScaleis an integer indicating in which temperature unit you want your return
valuesto be. Constant definitions for each temperature scale are given in the conversion
header file.

1. Celsius

2; Fahrenheit

3: Kelvin

4. Rankine

The Ther mi st or _Convert function hastwo remaining parameters—Voltsisthe
voltage that you read from the thermistor, and Temperature is the return temperature
value given in units determined by TempScale.

The Ther m st or _Buf _Convert function hasthree remaining parameters—
numPtsisthe number of voltage pointsto convert, VoltBuf isthe array of voltages that
you read from the thermistor, and TempBuf is the return array of temperature values
given in units determined by TempScale.

Using This Function

Thefollowing equation expresses the relationship between Voltsand Rt , the thermistor
resistance (see Figure 3-44).

Volts=Vref (Rt / (R1+Rt))

Solving the previous equation for Rt , we have:
Rt =R1 (Volts/ (Vref - Volts))

NI-DAQ User Manual for PC Compatibles 3-150 O National Instruments Corporation



Chapter 3  Software Overview

Once we calculate Rt , we use the following equation to convert Rt , the thermistor
resistance, to temperature in Kelvin. We then convert the temperature to the desired
temperature scale if necessary.

T=1/(a+b(InRt) +c(InRt)"3)
The values used for a, b, and ¢ are given below. These values are correct for the
thermistors provided on the SCXI terminal blocks. If you are using a thermistor with

different values for a, b, and ¢ (consult you thermistor data sheet), you can edit the
thermistor conversion routine to use your own a, b, and ¢ values.

a = 1.295361E-3
b = 2.343159E-4
¢ =1.018703E-7

Yoles

Figure 3-44. Circuit Diagram of a Thermistor in a Voltage Divider
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Thermocouple_Convert

Thermocouple_Buf_Convert

Purpose

Converts a voltage or voltage buffer that NI-DAQ read from a thermocouple into
temperature.

Parameter Discussion

TCTypeisan integer indicating what type of thermocouple NI-DAQ used to read the
temperature. Constant definitions for each thermocouple type are given in the
conversion header file. Y ou can use the constantsthat have been defined, or you can pass
integer values to the routine.

oNogaR®ONME
ZWHWIO XM

CJCTemp isthe temperature in Celsius that NI-DAQ will use for cold-junction
compensation of the thermocouple temperature. If you are using SCXI, this will most
likely be the temperature that NI-DAQ read from the temperature sensor on the SCXI
terminal block. The AMUX-64T also has atemperature sensor that you can use for this
purpose.

TempScaleis an integer indicating in which temperature unit you want your return
valuesto be. Constant definitions for each temperature scale are given in the conversion
header file.

1: Celsius

2: Fahrenheit

3: Kelvin

4: Rankine

The Ther nocoupl e_Convert routine has two remaining parameters—TCVoltsis
the voltage that NI-DAQ read from the thermocouple, and TCTemp isthe return
temperature value.

The Ther nocoupl e_Buf _Convert routine has three remaining parameters—
numPtsisthe number of voltage pointsto convert, TCVoltBuf isthe array that contains
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the voltages that NI-DAQ read from the thermocouple, and TCTempBuf isthe return
array that will contain the temperatures.

Using This Function

These routines convert TCVolts (or each element of TCVoltBuf) into a corresponding
temperature after performing the necessary cold-junction compensation. Cold-junction
compensation isdone by converting CJICTemp into an equivalent thermocouple voltage
and adding it to TCVolts. The actual temperature-to-voltage conversion is done by
choosing the appropriate reference equation that characterizes the correct temperature
subrange for the specific TCType. The valid temperature range for agiven TCTypeis
divided into several subrangeswith each subrange characterized by areference equation.
The computed voltage isthen added to TCVoltsto perform the cold-junction correction.
The conversion of TCVoltsinto a corresponding temperature is done by using inverse
equations that are specified for a given TCType for different subranges. These inverse
equations have an error tolerance as shown in Table 3-14. All the reference equations
and inverse equations used in these routines are from NIST Monograph 175.

Table 3-14 shows the valid temperature ranges and accuracies for the inverse equations
used for each thermocouple type. The errors listed in the table refer to the equations
only; they do not take into consideration the accuracy of the thermocouple itself, the
SCXI modules, or the DAQ device that is used to take the voltage reading.

Table 3-14.  Temperature Error for Thermocouple Inverse Equations

Thermocouple Type| Temperature Range Error

B 250° to 700° C -0.02° to +0.03° C
700° t0 1,820° C -0.01° to +0.02° C

E -200°to 0° C -0.01° to +0.03° C
0°t01,000° C +0.02° C

J -210°to0° C -0.05° to +0.03° C
0°to 760° C +0.04° C
760° to 1,200° C -0.04° to +0.03° C

K -200°to 0° C -0.02° to +0.04° C
0°to500° C -0.05° to +0.04° C
500° t0 1,372° C -0.05° to +0.06° C

N -200°to 0° C -0.02° to +0.03° C
0°to 600° C -0.02° to +0.03° C
600° to 1,300° C -0.04° to +0.02° C
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Table 3-14.  Temperature Error for Thermocouple Inverse Equations (Continued)
Thermocouple Type| Temperature Range Error
R -50° t0 250° C +0.02° C
250° t0 1,200° C +0.005° C
1,200° to 1,664.5° C -0.0005° to +0.001° C
1,664.5° t0 1,768.1° C -0.001° to +0.002° C
S -50° to 250° C +0.02° C
250° t0 1,200° C +0.01° C
1,200° to 1,664.5° C +0.0002° C
1,664.5° t0 1,768.1° C +0.002° C
T -200°to 0° C -0.02° to +0.04° C
0°to400° C +0.03° C
3-154 O National Instruments Corporation
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DMA and Programmed 1/0 Chapter
Performance Limitations

This chapter discusses data acquisition performance reductions caused
by interrupt latency in the Windows programming environment.

DI G_Bl ock, DAQ, SCAN, MDAQ, and WFMoperations all input or
output blocks of data to or from a plug-in DAQ device. For input
operations, NI-DAQ must transfer the incoming data to a buffer in the
computer memory. For output operations, NI-DAQ must transfer
outgoing data from a buffer in the computer memory to the DAQ
device. NI-DAQ uses two mechanisms to perform the data transfer.
The first option, programmed 1/O, transfers each data point through
software. The second option is to use the DMA controller chip to
perform ahardware transfer of the data. The speed of analog and digital
input and output operationsis limited by the transfer mechanism as
well as by the computer, board, and operating system. This chapter
explains the performance limitations for DOS and Windows
applications.

An Explanation of Programmed 1/0 and DMA Transfers

Programmed 1/0 is a software-intensive method for transferring data
from computer memory to an I/O device, in this case adata acquisition
plug-in board. For each data point, the CPU must execute code that
transfers data to the board. Therefore, the CPU istied up while datais
being written to or read from the board. The CPU is free to execute
other code, including applications, when it is not writing or reading
datato or from the board.

NI-DAQ utilizes interrupt service routines to do background transfers
to DAQ devices. The CPU isinterrupted to do datatransfers only when
the board asserts an interrupt indicating it is ready for the next data
point to be read or written.

In contrast, DMA transfers use hardware rather than software to
transfer data between computer memory and the board. Thisis
accomplished by programming the DMA controller chip. The DMA
chip performs the transfers between memory and I/O devices
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independently of the CPU. Asaresult, the CPU isfreed from having to
execute code to transfer each individual data point, making it available
for execution of your applications. Of course, the CPU and DMA share
control of the same bus, so some declinein computer performance may
occur even when using DMA transfers.

Programmed |/O or DMA

Whether NI-DAQ uses programmed |1/O or DMA depends on the board
and the transfer mode that you select. If you have an analog input
and/or output board or the AT-DIO-32F, refer to the

Set DAQ Devi ce_I nf o function description in Chapter 2,
Function Reference, of the NI-DAQ Function Reference Manual to find
out the transfer mode you will be using. Boards that use interrupts use
programmed 1/O.

The following boards use programmed 1/0 for block digital input and
output:

* AT-MIO-16D and AT-MIO-16DE-10

+ Lab-PC+, SCXI1-1200, DAQPad-1200, and DAQCard-1200
« DIO-24

« PC-DIO-96

The following board uses DMA for block digital input and output:
e AT-DIO-32F

Using DMA on AT Bus Computers

Page Boundaries in AT Bus Computers

On AT bus computers, the DMA controller organizes computer
memory addresses into pages. When performing 16-bit data transfers,
the DMA can access up to 128 KB of system memory between page
boundaries. If a data buffer spans a DMA page boundary, you must
reprogram the DMA controller to continue DMA transfers on the next
memory page. On many of the data acquisition adapters, hardware
FIFOs on the adapter serve as buffers, and provide adequate time to
reprogram the DMA controller without disrupting the acquisition.
However, the lack of a hardware FIFO on the AT-MI0O-16F-5 analog
output prohibits the board from operating at the maximum rate if the
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databuffer contains one or more page boundaries. In this case, thetime
between each DMA transfer (for example, the update interval in
waveform generation) must be more than the time needed for the
reprogramming. A similar situation arises if you are using an
AT-DIO-32F, and you have selected the transfer mode so that group 1
and group 2 each has one DMA channel available for digital
input/output.

When you call WFM _Load to perform waveform generation on an
AT-MIO-16F-5 using DMA, the function checks if the waveform
buffer contains any DMA page breaks. If so, a pageBreak|nBuffer
warning is returned.

When configured for a pattern generation, DI G_BI ock_I n and
DI G Bl ock_Qut return the same warning if any DMA page breaks
exist in the pattern-generation buffer.

Depending on the requirement of your application, choose one of the
following approaches to deal with the possibility of page boundaries
when using an AT-M10-16F-5 or an AT-DIO-32F:

1. Alwaystreat abuffer asif it contains DMA page breaks, and limit
the minimum update interval to be appropriate for buffers with
page breaks. This approach ensures that you can use any buffers
successfully.

2. Prepare the buffers so that the data does not cross any DMA
boundaries. The Al i gn_DMA Buf f er function can shift the
datato aregion within the buffer that does not contain DMA page
breaks. Al i gn_DMA Buf f er triesto perform the alignment as
long as the buffer size is greater than the amount of datain the
buffer. However, to guarantee a successful alignment, the buffer
size should be at least twice as large as the data set. Realigning a
buffer allows maximum speed performance but limits the size of
the waveform or pattern to half of the largest allocatable buffer
size. Thereis no restriction on using both aligned and unaligned
buffers in the same application.

3. Ifyouareusingan AT-DIO-32F and want to use group 1 for digital
input/output, you can set the transfer mode so that both DMA
channels are available to group 1.

Using Physical Memory Above 16 MB on ISA Bus Computers

NI-DAQ can use DMA to transfer data to and from buffers above
16 MB of physical memory on an I SA bus computer under Windows
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and Windows NT environments. Typically, thisisalimitation because
the DMA controller on ISA bus computers cannot transfer data to
physical memory above the 16 MB address range. NI-DAQ will use an
intermediate (mirror) buffer to transfer data to and from the DAQ
device and then copy data to the user buffer above 16 MB. To take
advantage of thisfeaturein your DAQ application under Windows, you
must have NI VI SRD. 386 installed on your computer.

Y ou can have single or multiple devices doing multiple DMA transfers
at the same time to or from memory above 16 MB. Y ou do not need to
change your application to take advantage of this feature.

NI-DAQ allocates 4 KB long physically contiguous mirror buffers
below 16 MB of physical memory for each DMA channel in the
system. Under Windows, this happens at Windows startup time, and
under Windows NT, when Windows NT boots. Thisisdoneto increase
the possibility of successfully allocating a mirror buffer.

When doing DMA at run time, if NI-DAQ finds any part of the user
buffer crossing the 16 MB DMA boundary, it does DMA into the
mirror buffer associated with the DMA channel already in use. If no
mirror buffer can be allocated for that particular DMA channel at
startuptime, NI-DAQ returnsan invalidM emRegionErr (-199) error to
your application. NI-DAQ then copies data from the mirror buffer into
the user buffer when using DMA to transfer data into the system
memory from your device, and from user buffer to mirror buffer when
using DMA to transfer data from the system memory to your device.
Because of this copying, there may be a drop in performance when
NI-DAQ is trying to transfer data using DMA into memory above 16
MB on ISA bus computers.

We encourageyou to usetwo DMA channel swhenever possibleto take
advantage of thisfeature and still achieve maximum performance. The
mirror buffers are not used when the user buffer lies below 16 MB of
physical memory.

General Performance Considerations for DOS

The DOS operating system imposes almost no overhead on
applications. Therefore, the performance of your application is
primarily limited by the speed of the computer and the board used.
High-speed computers generally allow for faster input and output
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operations. Of course, the DAQ device itself will set the absolute
maximum limits of performance.

General Performance Considerations for Windows

Interrupt latency in Windows can impose performance limitations on
data acquisition. The magnitude of the performance reduction depends
on the board, the method used to acquire the data (programmed 1/0
versus DMA), and most importantly, the mode in which Windows is
operating (real, standard, or enhanced).

Interrupt latency is the delay between the time hardware asserts an
interrupt and when the interrupt service routine is activated. In DOS,
theinterrupt latency is minimal because the hardware transfers control
directly to the interrupt service routine. In Windows, however, system
software transfers control to the interrupt service routine, imposing a
software delay.

The size of the software delay depends on the Windows mode.
Interrupt latency in Windows Real mode is only slightly more than in
DOS. In Standard mode, the interrupt latency becomes more
significant, and there is a noticeable reduction in performance from
Real mode. The interrupt latency in Windows 386 Enhanced mode is
dramatically higher than in the other Windows modes. In fact, the
transfer software delay makes up the mgjority of the time spent in
servicing an interrupt, not the interrupt service routine itself.

Programmed 1/O Performance in Windows

Interrupt latency hampers programmed 1/O acquisition because of the
additional delay it imposes before data can be input or output to or from
a board by the interrupt service routine. The length of the delay is
directly dependent on the speed of the computer.

Generally, individual computer performance governs the maximum
programmed |/O rate that you can achieve. As your computer
approaches the limit of programmed |/O performance, the CPU spends
the majority of time servicing interrupts. Asaresult, the Windows user
interface performance becomes sluggish. The performance limit for
Windows 386 Enhanced mode is significantly lower than the
performance achieved in Real or Standard mode.
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DMA Performance in Windows

Buffers Requiring Reprogramming

Interrupt latency can slow data acquisition that uses DMA when DMA
reprogramming isrequired. NI-DAQ may have to reprogram the DMA
controller for four reasons:

e« The DMA controllersfor AT bus computers organize memory
addresses into 64 K word pages. |f a data buffer spans one of the
page boundaries, the DMA controller must be reprogrammed to
continue the DMA transfer on the next memory page.

* Inaddition, large buffers on any platform may require
reprogramming caused by limitations on the transfer counts that
can be written to the DMA controllers. On AT bus computers, the
DMA transfer count is limited to 16 bits, or 64 KB. EISA bus
computers allow counts of 24 bits or 16 MB, which should be
sufficient to avoid the problem in most cases.

* Reprogramming may be required because of the virtual memory
management system used in Windows 386 Enhanced mode. When
a buffer islocked into physical memory in preparation for a data
acquisition operation, the buffer may be fragmented if the memory
manager cannot find alarge enough contiguous space in memory.
Each separate piece of the buffer requires DMA reprogramming.

Why Reprogramming Limits Performance

Reprogramming the DMA controller limits performance because it can
cause significant pauses between data transfer requests from the DMA
controller. Pauses during high-speed input operations can cause
acquisition boards to miss or overwrite data points. For output
operations, pauses may result in glitches in waveform or pattern
generations (time lapses greater than the programmed period between
data points). The maximum length of the pauseis equal to the interrupt
latency plusthetimeto reprogram the DMA controller. Therefore, data
acquisition hasthelongest pausesin Windows 386 Enhanced mode and
the shortest pausesin Real mode because of the differencesin interrupt
latency.

Results of Performance Limitation
DMA performance limitations manifest themselves in different ways.
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DMA reprogramming for analog input may cause a FIFO overflow
error (-75 over FlowErr). FIFO overflows occur when an anal og i nput
board isforced to overwrite unretrieved datain the FIFO. This happens
during DMA reprogramming when there is a pause between DMA
transfer requests to the board.

DMA reprogramming for analog waveform generation may cause
update errors (-153 dacUpdateErr). Update errors occur when the
analog output board cannot update the output voltage because the
DMA controller has not transferred the next data point to the board.
Again, the reason for this delay is the pause in DMA transfer requests
caused by reprogramming.

With digital input and output boards that use DMA, transfers using
handshaking are not affected by the DMA reprogramming, aside from
possibly causing the transfer to be slower. On the other hand, DMA
reprogramming affects digital pattern generation. Because digital 1/0
boards do not detect overflow or update errors; however, NI-DAQ
cannot explicitly warn you when DMA reprogramming is causing a
performance problem during pattern generation. For this reason, the
DI G Bl ock_I nand Dl G Bl ock_Qut functions return awarning
when DMA reprogramming is required (15 DM AReprogramming).

Methods for Eliminating Performance Limitations

Y ou can eliminate performance limitations due to DMA
reprogramming several ways.

* A FIFO on aDAQ device can buffer data during reprogramming.
However, high-speed acquisitions can easily overflow a small
onboard buffer during reprogramming if the interrupt latency is
significant (that is, when operating in Standard or Enhanced
mode).

* Another way to avoid DMA performance limitationsisto use a
specialized DMA reprogramming method such as chaining or
channel switching. These methods effectively eliminate the
reprogramming problem most of the time. For EISA bus
computers, NI-DAQ uses chaining in all but two cases, and
therefore experiences no performance limitations (exceptions—
double-buffered digital 1/0, and waveform generation with partial
transfers enabled). NI-DAQ also uses channel switching on AT
bus computers for the MO and E Series devices.

e Serviceinterrupts through NI VI SRD. 386 in Windows 386
enhanced mode. NI VI SRD. 386 minimizes interrupt latency by
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intercepting interrupts at the Windows kernel level. Therefore,
DMA can be reprogrammed as soon as possible to minimize the
possibility of FIFO overflow errors.

e If youareusingan AT-DIO-32F and want to usegroup 1 for digital
input/output, you can set the transfer mode so that both DMA
channels are available to group 1.

Methods You Can Use to Avoid DMA

Reprogramming

Y ou can eliminate the need for DMA reprogramming as follows:;

e OnanAT buscomputer, you can eliminate DMA page breaks. The
Al i gn_DMA Buf f er function attempts to eliminate breaksin

the buffer of this type. This function is explained in the Page
Boundariesin AT Bus Computers section earlier in this chapter.

« Usebufferssmall enough to avoid the transfer count limitations of
AT and EISA bus computers.

« Avoid using large buffers when operating in Windows 386
Enhanced mode. Large buffers increase the odds of getting a
discontiguous buffer that requires DMA reprogramming.

NI-DAQ User Manual for PC Compatibles 4-8 O National Instruments Corporation



NI-DAQ Double Buffering Chapter

Overview

This chapter describes using double-buffered data acquisition with
NI-DAQ.

ey Note:

Conventional data acquisition software techniques, such as single-
buffered data acquisition, work well for most of today's applications.
However, more sophisticated applications involving larger amounts of
datainput or output at higher rates require more advanced techniques
for managing the data. One such technique is double buffering.
National Instruments uses double-buffering techniques in its driver
software for continuous, uninterrupted input or output of large amounts
of data.

This chapter discusses the fundamental s of double buffering, including
specific information on how the NI-DAQ double-buffered functions
work.

Input and output refer to both digital and analog operationsin this
chapter.

Single-Buffered Versus Double-Buffered Data

The most common method of data buffering found in conventional
driver software is single buffering. In single-buffered input operations,
afixed number of samples are acquired at a specified rate and
transferred into computer memory. After the datais stored into the
memory buffer, the computer can analyze, display, or store the datato
the hard disk for later processing. Single-buffered output operations
output afixed number of samplesfrom computer memory at a specified
rate. After the datais output, the buffer can be updated with new or
freed data.

Single-buffered operations are relatively simple to implement, can
usually take advantage of the full hardware speed of the DAQ device,
and are very useful for many applications. The major disadvantage of
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Chapter 5 NI-DAQ Double Buffering

single-buffered operation isthat the amount of datathat can be input or
output at any one time is limited to the amount of free memory
available in the computer.

In double-buffered operations, the data buffer is configured as a
circular buffer. For input operations, the DAQ devicefillsthe circular
buffer with data. When the end of the buffer is reached, the board
returns to the beginning of the buffer and fills it with data again. This
process continues ad infinitum until it is interrupted by a hardware
error or cleared by afunction call.

Double-buffered output operations also use a circular buffer. In this
case, however, the DAQ device retrieves data from the circular buffer
for output. When the end of the buffer is reached, the board begins
retrieving data from the beginning of the buffer again. Asfor input, the
process continues ad infinitum until it is interrupted by a hardware
error or cleared by afunction call.

Unlike single-buffered operations, double-buffered operations reuse
the same buffer and are therefore able to input or output an infinite
number data points without requiring an infinite amount of memory.
However, in order for double buffering to be useful, there must be a
means by which to access the data for updating, storage, and
processing. The next two sections explain how the data can be accessed
for double-buffered input and output operations.

Double-Buffered Input Operations

The data buffer for double-buffered input operationsis configured asa
circular buffer. In addition, NI-DAQ logically divides the buffer into
two equal halves (no actual division existsin the buffer). By dividing
the buffer into two halves, NI-DAQ can coordinate user access to the
data buffer with the DAQ device. The coordination schemeis simple—
NI-DAQ copies data from the circular buffer in sequential halvesto a
transfer buffer you provide. Y ou can process or store the data in the
transfer buffer however you choose.
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Figure 5-1 illustrates a series of sequential data transfers.

Incoming
Board Data

Circular Buffer

~\V

Transfer Buffer

Empty Buffer

Untransferred
Data

Transferred
Data

Figure 5-1. Double-Buffered Input with Sequential Data Transfers

The double-buffered input operation begins when the DAQ device
startswriting datainto thefirst half of the circular buffer (Figure 5-14).
After the board begins writing to the second half of the circular buffer,
NI-DAQ can copy the data from the first half into the transfer buffer
(Figure 5-1b). Y ou can then store the data in the transfer block to disk
or processit according to the needs of your application. After the input
board hasfilled the second half of the circular buffer, the board returns
to the first half buffer and overwrites the old data. NI-DAQ can now
copy the second half of the circular buffer to the transfer buffer
(Figure 5-1c). The datain the transfer buffer is again available for use
by your application. The process can be repeated endlessly to provide
a continuous stream of datato your application. Y ou will notice that

O National Instruments Corporation
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Figure 5-1d is equivalent to the step in Figure 5-1b and is the start of a

two-step cycle.

Problem Situations

The double-buffered coordination scheme is not flawless. An
application might experience two possible problems with double-
buffered input. The first is the possibility of the DAQ device
overwriting data before NI-DAQ has copied it to the transfer buffer.

This situation isillustrated by Figure 5-2.

Incoming
H > > »r
a Board Data b. Lo ¢
Circular Buffer
W l I
I
1 1
Transfer Buffer
> > Py > > > »
c 1o d
e 21 e 7
,// ’I 1 ,// //
7 / 7 7 7 4 7 7
// // // - / // // // / 4

Overwrite Before

/ Copy!
Untransferred Transferred
Empty Buffer Data Data

Figure 5-2. Double-Buffered Input with an Overwrite Before Copy

Notice in Figure 5-2b, NI-DAQ has missed the opportunity to copy

datafrom thefirst half of the circular buffer to the transfer buffer while
the DAQ deviceiswriting datato the second half. Asaresult, the DAQ
device beginsto overwritethe datain thefirst half of the circular buffer
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before NI-DAQ has copied it to the transfer buffer (Figure 5-2c¢). To
guarantee uncorrupted data, NI-DAQ is forced to wait until the board
finishes overwriting data in the first half before copying the datainto
the transfer buffer. After the board has begun to write to the second
half, NI-DAQ copies the data from the first half of the circular buffer
to the transfer buffer (Figure 5-2d).

For the previously described situation, NI-DAQ returns an overwrite
before copy warning (12 over WriteBeforeCopy). This warning
indicates that the data in the transfer buffer is valid, but some earlier
input data has been lost. Subsequent transfers will not return the
warning as long as they keep pace with the DAQ deviceasin

Figure 5-1.

The second potential problem occurs when an input board overwrites
data that NI-DAQ is simultaneously copying to the transfer buffer.
NI-DAQ returns an overwrite error (-97 over WriteErr) when this
occurs. The situation is presented in Figure 5-3.

O National Instruments Corporation 5-5 NI-DAQ User Manual for PC Compatibles



Chapter 5 NI-DAQ Double Buffering

Incoming
Board Data¢

Circular Buffer

A

> > > >
Transfer Buffer C. W
// 4
e /\/\/\/\/\/—\/
4 7
// 7 7 g 7/
/ / 4 /

A I ¢ \//\/\/\,/ Overwrite Error!

Empty Buffer Untransferred Transferred Corrupted
Data Data Data

Figure 5-3. Double-Buffered Input with an Overwrite

In Figure 5-3b, NI-DAQ has started to copy data from the first half of
thecircular buffer into thetransfer buffer. However, NI-DAQ isunable
to copy the entire half before the DAQ device begins overwriting data
inthefirst half buffer (Figure 5-3c). Consequently, data copied into the
transfer buffer may be corrupted; that is, it may contain both old and
new data points. Future transfers will execute normally as long as
neither of the problem conditions occur again.

Double-Buffered Output Operations

Double-buffered output operations are similar to input operations. The
circular buffer is again logically divided into two halves. By dividing
the buffer into two halves, NI-DAQ can coordinate user access to the
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data buffer with the DAQ device. The coordination schemeis simple—
NI-DAQ copies data from atransfer buffer you provide to the circular
buffer in sequential halves. The data in the transfer buffer can be
updated between transfers.

Figure 5-4 illustrates a series of sequential data transfers.

Outgoing .
Board Data b AU ﬁ
Circular Buffer :

///
///
// e
4 /' 4 (
'I
Transfer Buffer Vs

a.

Data Ready for Successfully
Empty Buffer Output Output Data

Figure 5-4. Double-Buffered Output with Sequential Data Transfers

The double-buffered output operation begins when the output board
begins outputting data from the first half of the circular buffer
(Figure 5-4a). After the board begins retrieving data from the second
half of thecircular buffer, NI-DAQ can copy the prepared datafrom the
transfer buffer to thefirst half of the circular buffer (Figure 5-4b). The
datain the transfer buffer can then be updated with new data by your
application. After the output board has finished with the second half of
the circular buffer, the board returns to the first half buffer and begins
outputting updated data from the first half. NI-DAQ can now copy the
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transfer buffer to the second half of the circular buffer (Figure 5-4c).
The data in the transfer buffer is again available for update by your
application. The process can be repeated endlessly to provide a
continuous stream of output data from your application. Y ou will

notice that Figure 5-4d is equivalent to the step in Figure 5-4b and is
the start of a two-step cycle.

Problem Situations

Like double-buffered input, double-buffered output can experience
two potential problems. The first is the possibility of the output board
retrieving and outputting the same databefore NI-DAQ has updated the

circular buffer with new data from the transfer buffer. This situation is
illustrated by Figure 5-5.

Outgoing .
a Board Data ¢ b. £ ¢
Circular Buffer ‘
~\ I \/\/\/\4'/\/
/\/\{I/\/_\/- l —\/_
Transfer Buffer
C. > > d

\_/\/\/\“/f Overwrite Before
Copy!

A

Empty Buffer

Data Ready for
Output

Successfully
Output Data

Figure 5-5. Double-Buffered Output with an Overwrite Before Copy

Notice in Figure 5-5b, NI-DAQ has missed the opportunity to copy
datafrom thetransfer buffer to thefirst half of the circular buffer while
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the output board is retrieving data from the second half. Asaresult, the
board begins to output the original datain the first half of the circular
buffer before NI-DAQ has updated it with datafrom the transfer buffer
(Figure 5-5c). To guarantee uncorrupted output data, NI-DAQ is
forced to wait until the board finishesretrieving datafrom thefirst half
before copying the data from the transfer buffer. After the board has
begun to output the second half, NI-DAQ copies the data from the
transfer buffer to the first half of the circular buffer

(Figure 5-5d).

For this situation, NI-DAQ returns an overwrite before copy warning
(12 over WriteBefor eCopy). Thiswarning indicates that the board has
output old data but the datawas uncorrupted during output. Subsequent
transferswill not return the warning as long as they keep pace with the
output board as in Figure 5-4.

The second potential problem iswhen an output board retrieves data

that NI-DAQ issimultaneously overwriting with datafrom the transfer
buffer. NI-DAQ returns an overwrite error (-97 over WriteErr) when
this occurs. The situation is presented in Figure 5-6.
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Outgoing
a. Board Data ¢
Circular Buffer
V\/W\/‘
1
Transfer Buffer c > > ¢ > >
y // \_/\ . I/\/—\/_
S L
> » > ¢ // // // //
b.

Overwrite Error!

Empty Buffer

Data Ready for
Output

Successfully
Output Data

Corrupted
Output

Figure 5-6. Double-Buffered Output with an Overwrite

In Figure 5-6b, NI-DAQ has started to copy data from the transfer
buffer to the first half of the circular buffer. However, NI-DAQ is
unableto copy all of the data before the output board beginsretrieving

datafrom thefirst half (Figure 5-6¢). Consequently, data output by the
board may be corrupted; that is, it may contain both old and new data

points. Future transfers will execute normally as long as neither of
these problem conditions occur again.

Double-Buffered Functions

Double-buffered functions exist for analog input (DAQ), anal og output

(WFM), and digital input and output (DI G) operations. The functions
and the order in which your application should call them is nearly

identical for all four operations. This section explains what each of the

functions do and the order in which you should call them.
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DB_Config Functions
The DB_Conf i g functions enable and disable double buffering for
input and output operations, and allow you to select double-buffering
options if any are available.

The configuration functions are as follows:
« DAQ DB Config
« WM DB Config
e DIG DB Config

For analog input operations, call DAQ DB _Conf i g prior to calling
DAQ St art oraSCAN_St art toenableor disable doublebuffering.
For waveform operations, call WWM_DB_Conf i g prior to calling
WFM _Load to enable or disable double buffering. For digital block
input and output operations, call DI G_DB_Conf i g prior to calling
DI G Bl ock_I norDI G Bl ock_Qut to enable or disable double
buffering.

DB_Transfer and DB_StrTransfer Functions

After a double-buffered operation has been started, the

DB_Tr ansf er functions transfer datato or from a circular buffer.
The direction of the transfer depends on the direction of the double-
buffered operations. Along with copying data, the DB_Tr ansf er
functions also check for errors that can occur during the transfer.

For input operations, DB_Tr ansf er copies data from alternating
halves of the circular input buffer to the buffer passed to the function
(that is, the transfer buffer). For output operations, DB_Tr ansf er
copies datafrom the buffer passed to the function to alternating halves
of the circular output buffer. The function may return an overwrite
before copy warning (12 over WriteBefor eCopy) or an overwrite error
(-97 overWriteErr) if a problem occurs during the transfer.

Note: Waveform transfer functions do not detect overwrite before copy or
overwrite errors.

The DB_Tr ansf er functions are synchronous for both input and
output operations. In other words, when your application calls these
functions, NI-DAQ does not return control to your application until the
transfer iscomplete. Asaresult, your application may crashif NI-DAQ
cannot complete the transfer. To avoid this situation, call the

Ti meout _Conf i g function prior to starting a double-buffered
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operation. The timeout configuration function sets the maximum time
allowed to complete a synchronous function call for a board.

The transfer functions are as follows:
« DAQ DB Transfer
« WEM DB _Transfer
« DI G DB Transfer

For analog input operations, call DAQ _DB_Tr ansf er after starting a
double-buffered analog acquisition to perform a double-buffered
transfer. For waveform operations, call WFM DB _Tr ansf er after
starting a double-buffered waveform generation to perform a double-
buffered transfer. For digital block input and output operations, call
DI G _DB_Transf er after starting a double-buffered digital
operation to perform a double-buffered transfer.

TheDB_St r Tr ansf er functionsareidentical in functionality to the
DB_Transfer.TheDB_Str Transf er functions arefor BASIC
language applications. The functions operate on strings, making it
possible to write the data to a disk file for double-buffered input, or to
retrieve data from disk for double-buffered output.

DB_HalfReady Functions

With theDB_Hal f Ready functions, applications can avoid the delay
that can occur when calling the DB_Tr ansf er or

DB _Str Transf er functions. When you call either of the transfer
functions, NI-DAQ waits until the transfer to or from the circular
buffer can be made; that is, the DAQ device is operating on the
opposite half of the circular buffer.

The DB_Hal f Ready functions check if aDB_Tr ansf er can be
completed immediately. If the call to DB_Hal f Ready indicates a
transfer cannot be made, your application can do other work and try
again later.

The HalfReady functions are as follows:
- DAQ DB Hal f Ready
« WM DB _Hal f Ready
« DI G_DB_Hal f Ready
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For analog input operations, call DAQ DB _Hal f Ready, after starting
a double-buffered analog acquisition but prior to calling
DAQ DB_Tr ansf er, to check the transfer status of the operation.

For anal og output problems, call WFM DB _Hal f Ready, after starting
a double-buffered waveform generation but prior to calling
WEM DB _Tr ansf er, to check the transfer status of the operation.

For digital block input and output operations, call

DI G DB _Hal f Ready, after starting a double-buffered digital
operation but prior to calling DIl G DB_Tr ansf er, to check the
transfer status of the operation.

Double buffering is a data acquisition software technique for
continuously inputting or outputting large amounts of datawith limited
available system memory. However, double buffering may not be
practical for high-speed input or output applications. The throughput of
adouble-buffered operation is typically limited by the ability of the
CPU to process the data within a given period of time. Specifically,
data must be processed by the application at least as fast as the rate at
which the board is writing or reading data. For many applications, this
requirement depends on the speed and efficiency of the computer
system and programming language.
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Appendix

Customer Communication

For your convenience, this appendix contains formsto help you gather the information necessary
to help us solve your technical problems and a form you can use to comment on the product
documentation. When you contact us, we need the information on the Technical Support Form
and the configuration form, if your manual contains one, about your system configuration to
answer your questions as quickly as possible.

National Instruments has technical assistance through electronic, fax, and telephone systems to
quickly provide the information you need. Our electronic services include a bulletin board
service, an FTP site, a FaxBack system, and e-mail support. If you have a hardware or software
problem, first try the electronic support systems. If the information available on these systems
does not answer your questions, we offer fax and telephone support through our technical support
centers, which are staffed by applications engineers.

Electronic Services

Bulletin Board Support

National Instruments has BBS and FTP sites dedicated for 24-hour support with a collection of
files and documents to answer most common customer questions. From these sites, you can also
download the latest instrument drivers, updates, and example programs. For recorded
instructions on how to use the bulletin board and FTP services and for BBS automated
information, call (512) 795-6990. Y ou can access these services at:

United States: (512) 794-5422 or (800) 327-3077
Up to 14,400 baud, 8 data bits, 1 stop bit, no parity

United Kingdom: (44) 635 551422
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

France: (1) 48 65 1559
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

FTP Support

To access our FTP site, log on to our Internet host, ftp.natinst.com, as anonymous and use your
Internet address, such as joesmith@anywhere.com, as your password. The support files and
documents are located in the /support directories.

O National Instruments Corporation A-1 NI-DAQ User Manual for PC Compatibles

This document was created with FrameM aker 4.0.4



FaxBack Support

FaxBack is a 24-hour information retrieval system containing alibrary of documents on awide
range of technical information. You can access FaxBack from a touch-tone telephone at the
following numbers:

(512) 418-1111 or (800) 329-7177

E-Mail Support (currently U.S. only)

Y ou can submit technical support questions to the appropriate applications engineering team
through e-mail at the Internet addresses listed below. Remember to include your name, address,
and phone number so we can contact you with solutions and suggestions.

GPIB: gpib.support@natinst.com
DAQ: dag.support@natinst.com
VXI: VXi.support@natinst.com
LabVIEW: Iv.support@natinst.com
LabWindows: Iw.support@natinst.com
HiQ: hig.support@natinst.com

Fax and Telephone Support

National Instruments has branch offices all over the world. Use thelist below to find the
technical support number for your country. If thereisno National Instruments office in your
country, contact the source from which you purchased your software to obtain support.

Fax

&
Telephone

Australia (03) 879 9422 (03) 879 9179
Austria (0662) 435986 (0662) 437010-19
Belgium 02/757.00.20 02/757.03.11
Denmark 45 76 26 00 45767111
Finland (90) 527 2321 (90) 502 2930
France (1) 48 14 24 24 (1) 48 14 24 14
Germany 089/741 31 30 089/714 60 35
Hong Kong 02 2637 5019 02 2686 8505
Italy 02/48301892 02/48301915
Japan (03) 3788-1921 (03) 3788-1923
Korea 02 596-7456 02 596-7455
Mexico 05 202 2544 05 202 2544
Netherlands 03480-33466 03480-30673
Norway 32-848400 32-848600
Singapore 2265886 2265887

Spain (1) 640 0085 (1) 640 0533
Sweden 08-730 49 70 08-730 43 70
Switzerland 056/20 51 51 056/20 51 55
Taiwan 62 377 1200 62 737 4644
UK. 1635 523545 1635 523154



Technical Support Form

Photocopy thisform and update it each time you make changes to your software or hardware, and
use the completed copy of this form as areference for your current configuration. Completing
this form accurately before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem,
include the configuration forms from their user manuals. Include additional pages if necessary.

Name

Company

Address

Fax () Phone (__)

Computer brand Model Processor
Operating system (include version number)

Clockspeed  MHz RAM _ MB Display adapter
Mouse _yes ~ no Other adaptersinstalled

Hard disk capacity  ~ MB Brand

Instruments used

National Instruments hardware product model Revision

Configuration

National Instruments software product Version
Configuration

The problemiis:

List any error messages:

The following steps reproduce the problem:




DAQ Hardware and Software Configuration Form

Record the settings and revisions of your hardware and software on the line to the right of each
item. Complete a new copy of this form each time you revise your software or hardware
configuration, and use this form as a reference for your current configuration. Completing this
form accurately before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

National Instruments Products

DAQ hardware
Interrupt level of hardware

DMA channels of hardware

Base 1/0O address of hardware

Programming choice
HiQ, NI-DAQ, LabVIEW, or LabWindows/CV1 version
Other boards in system
Base I/O address of other boards

DMA channels of other boards

Interrupt level of other boards

Other Products

Computer make and model

Microprocessor

Clock frequency or speed
Type of video board installed
Operating system version

Operating system mode

Programming language

Programming language version

Other boards in system

Base 1/0O address of other boards

DMA channels of other boards

Interrupt level of other boards




Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our
products. Thisinformation helps us provide quality products to meet your needs.

Title:  NI-DAQF User Manual for PC Compatibles, Version 4.8
Edition Date:  May 1995
Part Number: 320498C-01

Please comment on the completeness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Title

Company

Address

Phone( )

Mail to: Technical Publications Fax to: Technical Publications
National Instruments Corporation National Instruments Corporation
6504 Bridge Point Parkway, M S 53-02 MS 53-02

Austin, TX 78730-5039 (512) 794-5678
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Glossary

Prefix Meaning Value
- micro- 106
m- milli- 103
k- kilo- 103
M- mega- 10°

Numbers/Symbols

temperature coefficientat T=0° C

a

3 coefficient

0 coefficient

€ strain

Q ohm

° degree

% percent

+ plus

- minus

+ plus or minus

A

A/D anal og-to-digital
AC alternating current
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Glossary

ACK
ADC

ADC resolution

ADF
Al
AMD

analog trigger

API

asynchronous

B

background acquisition

base address

BCD

BIOS
bipolar

bit

NI-DAQ User Manual for PC Compatibles

acknowledge

A/D converter. An electronic device, often an integrated circuit,
that converts an analog voltage to a digital number.

The resolution of the ADC, which is measured in bits. An ADC
with 16 bits has a higher resolution, and thus a higher degree of
accuracy, than a 12-bit ADC.

adapter description file
analog input
Advanced Micro Devices

A trigger that occurs at a user-selected point on an incoming
analog signal. Triggering can be set to occur at a specific level
on either an increasing or a decreasing signal (positive or
negative slope). Analog triggering can beimplemented either in
software or in hardware. When implemented in software
(LabVIEW), all datais collected, transferred into system
memory, and analyzed for the trigger condition. When analog
triggering is implemented in hardware, no datais transferred to
system memory until the trigger condition has occurred.

application programming interface

(1) Hardware—A property of an event that occurs at an arbitrary
time, without synchronization to a reference clock.

(2) Software—A property of afunction that begins an operation

and returns prior to the completion or termination of the
operation.

Datais acquired by a DAQ system while another program or
processing routine is running without apparent interruption.

A memory address that serves as the starting address for
programmable registers. All other addresses are located by
adding to the base address.

binary-coded decimal

basic input/output system

A signal range that includes both positive and negative values
(for example, -5V to +5 V).

One binary digit, either O or 1.
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block-mode

bus

byte

C

C
Cl

cold-junction compensation

compiler

conversion time
counter/timer
coupling

CPU

D

D/A
DAC

O National Instruments Corporation
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A high-speed datatransfer in which the address of the datais sent
followed by a specified number of back-to-back data words.

The group of conductors that interconnect individual circuitry in
acomputer. Typically, abusisthe expansion vehicle to which
I/0 or other devices are connected. Examples of PC busesarethe
AT bus, NuBus, Micro Channel, and EISA bus.

Eight related bits of data, an 8-bit binary number. Also used to
denote the amount of memory required to store one byte of data.

Celsius
computing index

A method of compensating for inaccuracies in thermocouple
circuits.

A software utility that converts a source program in a high-level
programming language, such as BASIC, C ,or Pascal, into an
object or compiled program in machine language. Compiled
programs run 10 to 1,000 times faster than interpreted programs.
The time required, in an analog input or output system, from the
moment a channel is interrogated (such as with a read
instruction) to the moment that accurate data is available.

A circuit that counts external pulses or clock pulses (timing).

The manner in which a signal is connected from one location to
another.

central processing unit

digital-to-analog
D/A converter. An electronic device, often an integrated circuit,

that converts a digital number into a corresponding analog
voltage or current.
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DAQ

DC

device

differential input

digital port
DIN
DIO
DLL

DMA

DOS

driver

DSP

E

EEPROM
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Data acquisition. (1) Collecting and measuring electrical signals
from sensors, transducers, and test probes or fixtures and
inputting them to a computer for processing.

(2) Collecting and measuring the same kinds of electrical signals
with A/D and/or DIO boards plugged into a PC, and possibly
generating control signals with D/A and/or DIO boardsin the
same PC.

direct current

Deviceisused torefer to aDAQ device inside your computer or
attached directly to your computer via a parallel port. Plug-in
boards, PCMCIA cards, and devices such as the DAQPad-1200,
which connects to your computer parallel port, are all examples
of DAQ devices. SCXI modules are distinct from devices, with
the exception of the SCX1-1200, which is a hybrid.

An analog input consisting of two terminals, both of which are
isolated from computer ground, whose difference is measured.

See port.

Deutsche Industrie Norme

digital 1/0

Dynamic-link library. A software modulein Microsoft Windows
containing executable code and data that can be called or used by
Windows applications or other DLLs. Functions and datain a
DLL areloaded and linked at run time when they are referenced
by a Windows application or other DLLs.

Direct memory access. A method by which data can be
transferred to/from computer memory from/to a device or
memory on the bus while the processor does something else.
DMA isthefastest method of transferring data to/from computer
memory.

Disk Operating System

Software that controls a specific hardware device such asaDAQ
board or a GPIB interface board.

digital signal processing

Electronically erasable programmable read-only memory. ROM
that can be erased with an electrical signal and reprogrammed.
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EGA
EISA

external trigger

FIFO

gan

group

Hz

IBM
ID
IDE
IEEE
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enhanced graphics adapter
Extended Industry Standard Architecture

A voltage pulse from an external source that triggers an event
such as A/D conversion.

A first-in first-out memory buffer; the first data stored isthe first
data sent to the acceptor. FIFOs are often used on DAQ devices
to temporarily store incoming or outgoing data until that data can
beretrieved or output. For example, an analog input FIFO stores
theresults of A/D conversions until the data can beretrieved into
system memory, a process that requires the servicing of
interrupts and often the programming of the DMA controller.
This process can take several millisecondsin some cases. During
thistime, dataaccumulatesin the FIFO for futureretrieval. With
alarger FIFO, longer latencies can be tolerated. In the case of
analog output, a FIFO permits faster update rates, because the
waveform data can be stored on the FIFO ahead of time. This
again reduces the effect of latencies associated with getting the
data from system memory to the DAQ device.

The factor by which a signal is amplified, sometimes expressed
in decibels.

A collection of digital ports, combined to form alarger entity for
digital input and/or output.

hertz

International Business Machines
identification
Integrated Development Environment

Institute of Electrical and Electronics Engineers
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Glossary

interrupt

/0

IRQ
ISA

kS

Kword

LED

library

linker

LSB

MB
MIO
MS

mux

NI-DAQ User Manual for PC Compatibles

A computer signal indicating that the CPU should suspend its
current task to service a designated activity.

input/output
interrupt request

Industry Standard Architecture

1,000 samples

1,024 words of memory

light-emitting diode

A file containing compiled object modules, each comprised of
one of more functions, that can be linked to other object modules
that make use of these functions. NI DAQVSC. LI Bisalibrary
that contains NI-DAQ functions. The NI-DAQ function set is
broken down into object modules so that only the object modules
that are relevant to your application are linked in, while those
object modules that are not relevant are not linked.

A software utility that combines object modules (created by a
compiler) and libraries, which are collections of object modules,
into an executable program.

least significant bit

megabytes of memory

multifunction 1/0

million samples

Multiplexer; a switching device with multiple inputs that
sequentially connects each of itsinputsto its output, typically at

high speeds, in order to measure several signals with asingle
analog input channel.
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NBS

NC
NIVDMAD
NIVISRD

0

output settling time

paging

PC

port
postriggering

pretriggering

programmed /O

pts

R

RAM
REQ

O National Instruments Corporation

Glossary

National Bureau of Standards

Normally Closed

National Instruments Virtual DMA Driver

National Instruments Virtual Interrupt Service Routine Driver.

See the NIVISRD entry in the Index for information about the
National Instruments Virtual Interrupt Service Routine Driver.

The amount of time required for the analog output voltage to
reach its final value within specified limits.

A technique used for extending the address range of a device to
point into a larger address space.

personal computer

A digital port, consisting of four or eight lines of digital input
and/or output.

The technique used on a DAQ board to acquire a programmed
number of samples after trigger conditions are met.

The technique used on a DAQ board to keep a continuous buffer
filled with data, so that when the trigger conditions are met, the
sample includes the data leading up to the trigger condition.

The standard method a CPU uses to access an |1/O device—each
byte of datais read or written by the CPU.

points

random-access memory

request
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Glossary

resolution

ROM
RTD

RTSI

S
S
Sample-and-Hold (S/H)

SCXI

SDK

self-calibrating

Single-Ended (SE) Inputs

Sis

software trigger

STC

synchronous

NI-DAQ User Manual for PC Compatibles

The smallest signal increment that can be detected by a
measurement system. Resolution can be expressed in bits, in
proportions, or in percent of full scale. For example, a system
has 12-bit resolution, one part in 4,096 resolution, and 0.0244
percent of full scale.

read-only memory

Resistance temperature detector. A metallic probe that measures
temperature based upon its coefficient of resistivity.

Real-Time System Integration (bus). The National Instruments
timing bus that connects DAQ boards directly, by means of
connectors on top of the boards, for precise synchronization of
functions.

seconds
samples

A circuit that acquires and stores an anal og voltage on acapacitor
for a short period of time.

Signal Conditioning eXtensions for Instrumentation; the
National Instruments product line for conditioning low-level
signalswithin an external chassis near sensors so only high-level
signals are sent to DAQ boards in the noisy PC environment.

Software Development Kit

A property of aDAQ board that has an extremely stable onboard
reference and calibrates its own A/D and D/A circuits without
manual adjustments by the user.

An analog input that is measured with respect to a common
ground.

Samples per second; used to express the rate at which a DAQ
board samples an analog signal.

A programmed event that triggers an event such as data
acquisition.

System Timing Controller

(1) Hardware—A property of an event that is synchronized to a
reference clock.
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T

TC

throughput rate

TPCX
TPU

transfer rate

TSR

U

unipolar

\Y

\%
VDC
VDMAD

VPICD

XMS

O National Instruments Corporation

Glossary

(2) Software—A property of afunction that begins an operation
and returns only when the operation is complete.

terminal count

The data, measured in bytes/s, for a given continuous operation,
calculated to include software overhead. Throughput Rate =
Transfer Rate - Software Overhead Factor.

Turbo Pascal compiler

Turbo Pascal Unit

The rate, measured in bytes/s, at which datais moved from
source to destination after software initialization and set up
operations; the maximum rate at which the hardware can operate.

terminate-and-stay resident

A signal range that is always positive (for example, 0 to +10 V).

volts
volts direct current

Virtual DMA Driver. Seethe NIVDMAD entry in the Index for
information about the National Instruments Virtual DMA Driver.

Virtual Programmable Interrupt Controller Device

extended memory specification
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A

A2000 Calibrate function, 3-4
A2000_Config function, 3-4
A2150 Calibrate function, 3-4
ACK1signal (table), 3-119
ACK2 signal (table), 3-119
Al_Check function, 3-18
Al _Clear function, 3-18
Al_Configure function, 3-18 to 3-19
Al_Mux_Config function, 3-19
Al_Read function, 3-19
Al_Setup function, 3-19
Al_VRead function, 3-19
Al _VScaefunction, 3-19
Align_ DMA_Buffer function, 3-2
Am9513-based M10 devices
assignment of 16-bit counter/timers, 2-4
counter/timer operation
counter block diagram, 2-16
MIO device counter timing and
output types (illustration), 2-19
programmabl e frequency output
operation, 2-20
counter/timer signal connections
(illustration)
AT-MIO-16and
AT-MIO-16D, 2-21
AT-MIO-16F-5, AT-MI0O-64F-5,
and AT-MIO-16X, 2-22
digital 1/0, 2-14 to 2-15
AMUX-64T external multiplexer, 2-55
to 2-59
analog input channel range (table), 2-55
application hints, 3-33

O National Instruments Corporation

Index-1

channel addressing (table), 2-56
scanning order, 2-56 to 2-59
AMUX-64T mode
AT-MIO-16F-5, AT-MIO-64F-5, and
AT-MIO-16X devices, 2-7
E series, 2-7
MIO-16/16D analog devices, 2-4
analog input
AT-A2150, 2-46 to 2-47
AT-DSP2200, 2-47 to 2-49
AT-MIO-16F-5, 2-6 to 2-11
AT-MIO-16X, 2-6to 2-11
AT-MIO-64F-5, 2-6 to 2-11
DAQCard-500 and DAQCard-700, 2-36
to 2-38
DAQCard-1200 and DA QPad-1200,
2-231t02-28
E series, 2-6t0 2-11
EISA-A2000, 2-42 to 2-44
Lab-PC+, 2-23t0 2-28
MIO-16/16D, 2-1to 2-6
MIO devices, 2-1to 2-6
PC-LPM-16, 2-32t0 2-34
SCX1-1200, 2-23 to 2-28
SCXI multiplexed mode, 2-62 to 2-63
analog input functions. See data acquisition
functions; one-shot analog input functions.
anal og output. See also waveform generation.
AT-A0-6/10, 2-40 to 2-41
AT-DSP2200, 2-49 to 2-50
DAQCard-1200 and
DAQPad-1200, 2-28
E series, 2-12t0 2-14
Lab-PC+, 2-28
MIO devices, 2-11to 2-14
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Index

SCX1-1200, 2-28
SCXI Multiplexed mode, 2-64
analog output functions, 3-50 to 3-51. See
also waveform generation functions.
AQO_Configure, 3-50
AO_Update, 3-50
AO_VScae, 3-50
AO_VWrite, 3-50
AO_Write, 3-51
application hints, 3-51 to 3-54
equivalent analog output calls
(illustration), 3-51
SCXI applications, 3-143
simple application, 3-52
software update application, 3-53
to 3-54
AQ_Cdlibrate function, 3-4to 3-5
AQO_Configure function, 3-50
AQO_Update function, 3-50
AQO_VScalefunction, 3-50
AO_VWrite function, 3-50
AO_Write function, 3-51
applications, creating. See DOS applications,
building; Microsoft Windows; Microsoft
Windows NT.
AT-A2150 audio input device, 2-46 to 2-47
A2150 Calibrate function, 3-4
analog input, 2-46 to 2-47
data acquisition, 2-46 to 2-47
RTSI bus connections, 3-121 to 3-122
AT-A0-6/10 analog output devices, 2-40
to 2-42
analog output, 2-40 to 2-41
digital /O, 2-41 to 2-42
FIFO lag effect, 3-70
hardware restrictions, 2-41
RTSI bus connections, 3-118
waveform generation, 2-40
AT bus computers
configuring DAQ deviceson, 1-16
page boundaries, 4-2 to 4-3
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Index-2

AT-DIO-32F digital 1/0O device. See
DIO-32F digital I/O device.
AT-DSP2200 digital signa
processing device
analog input, 2-47 to 2-49
analog output, 2-49 to 2-50
data acquisition, 2-48 to 2-49
DSP2200_Calibrate function, 3-5
DSP2200 Config function, 3-5
DSP2200.0UT and DSP2200S.0UT
files (note), 1-9
RTSI bus connections, 3-123
using onboard memory for MDAQ data
acquisition, 3-46
waveform generation, 2-49 to 2-50
using onboard memory, 3-70
to 3-71
AT-MIO-16D digital I/O device
counter/timer signal connections
(illustration), 2-21
digital /0, 2-53
groups of ports, 2-53, 3-74
RTSI bus connections, 3-115 to 3-116
AT-MIO-16DE-10 digital 1/0 device
digital /0, 2-53
groups of ports, 2-53, 3-74
AT-MIO-16F-5
analog input, 2-6 to 2-11
counter/timer signal connections
(illustration), 2-22
data acquisition, 2-6 to 2-8
data acquisition rates, 2-11
data acquisition timing, 2-10 to 2-11
DMA waveform generation, 3-67
to 3-68
RTSI bus connections, 3-117
AT-MIO-16X
analog input, 2-6 to 2-11
counter/timer signal connections
(illustration), 2-22
data acquisition, 2-6 to 2-8
data acquisition rates, 2-11
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data acquisition timing, 2-10 to 2-11

FIFO lag effect, 3-70

restrictions on use of delay rate, 3-69

RTSI bus connections, 3-117

waveform generation using onboard
memory, 2-13to 2-14

AT-MIO-64F-5

analog input, 2-6 to 2-11

counter/timer signal connections
(illustration), 2-22

data acquisition, 2-6 to 2-8

data acquisition rates, 2-11

data acquisition timing, 2-10 to 2-11

FIFO lag effect, 3-70

restrictions on use of delay rate, 3-69

RTSI bus connections, 3-117

waveform generation using onboard
memory, 2-13to 2-14

audio input device. See AT-A2150 audio
input device.

B

BASIC. See Microsoft Visual Basic;
Microsoft Visual Basic for Windows.
board installation and configuration. See
deviceinstallation and configuration.
board-specific functions. See software-
calibration and device-specific functions.
Borland Turbo C++ and Borland C++
avoiding compiler warnings or
errors, 3-112
building DOS applications, 1-35 to 1-37
building Windows applications, 1-41
to 1-43
Borland Turbo Pascal
avoiding compiler warnings and errors,
3-111t0 3-113
building DOS applications, 1-37 to 1-39
memory requirements, 1-37 to 1-38
building Windows applications, 1-43
to 1-45

O National Instruments Corporation

Index-3

Index

buffer allocation in Windows applications.
See also huge buffer accessin
Windows applications.
Borland C++, 1-42
Borland Turbo Pascal, 1-44
Microsoft Visual Basic, 1-46
NI-DAQ libraries, 1-40
building applications. See DOS applications,
building; Microsoft Windows; Microsoft
Windows NT.
bulletin board support, A-1

C

C languages. See Borland Turbo C++ and
Borland C++; Microsoft C; Microsoft
Visua C++.

Cadlibrate 1200 function, 3-5

Cdlibrate E Seriesfunction, 3-5

calibration functions. See software-
calibration and device-specific functions.

calibration of SCX1-1200, DAQPad-1200,
and DAQCard-1200, 2-31
CLOCKI signal (table)
description, 3-120
EISA-A2000 RTSI connections, 3-119
CLOCKO signal (table)
description, 3-120
EISA-A2000 RTSI connections, 3-119
command-line flags (table), DAQCONF
utility, 1-25

Config_Alarm_Deadband function, 3-7

Config_ATrig_Event_Message
function, 3-7

Config_DAQ_Event_Message function, 3-7

configuration. See device installation
and configuration.

configuration functions. See also
initialization and general-
configuration functions.

A2000_Config, 3-4
Al_Configure, 3-18to 3-19
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Al_Mux_Config, 3-19

Al_Setup, 3-19

AQO_Configure, 3-50
Config_Alarm_Deadband, 3-7
Config_ATrig_Event_Message, 3-7
Config_DAQ_Event Message, 3-7
Configure HW_Analog_Trigger, 3-5
CTR_Config, 3-92
CTR_FOUT_Config, 3-93
DAQ_Config, 3-29

DAQ _DB_Config, 3-31, 5-11
DAQ_StopTrigger_Config, 3-29
DIG_Block PG_Config, 3-77
DIG_DB_Config, 3-78, 5-11
DIG_Grp_Config, 3-77

DIG_Line Config, 3-76
DIG_Prt_Config, 3-76
DIG_Scan_Setup, 3-77
DSP2200_Config, 3-5
Master_Slave Config, 3-3
MIO_Config, 3-6
SCXI_Configure Filter, 3-126
SCXI_Load_Config, 3-126
SCXI_MuxCtr_Setup, 3-126 to 3-127
SCXI_SCAN_Setup, 3-127
SCXI_Set_Config, 3-127
SCXI|_Set_Gain, 3-127
SCXI_Set Input_Mode, 3-127
SCXI|_Set_State, 3-128
SCXI_Single Chan_Setup, 3-128
SCXI_Track Hold Control, 3-128
SCXI_Track Hold Setup, 3-128
Timeout_Config, 3-3

Trigger Window_Config, 3-6
WFM_DB_Config, 3-55
WEM_Group_Setup, 3-56

DAQCard-500 and DAQCard-700, 2-37

to 2-38
E series, 2-8
Lab-PC+, 2-26
MI10-16/16D, 2-5
PC-LPM-16 device, 2-33

counter/timer functions, 3-92 to 3-94.

See also counter/timer operation.
application hints, 3-98 to 3-108

counter configuration for
concatenated event counting,
3-105to 3-106

event counting, 3-103 to 3-106

illustration, 3-100

frequency measurement, 3-104

to 3-105

period and continuous pulse-width

measurement, 3-106 to 3-108
pulse generation
(illustration), 3-101
pulse width measurement, 3-103
to 3-104
simultaneous counter operations
(illustration), 3-102
time-lapse measurement, 3-104
timer event counting
(illustration), 3-103
CTR_Config, 3-92
CTR_EvCount, 3-93
CTR_EvRead, 3-93
CTR_FOUT_Config, 3-93
CTR_Period, 3-93
CTR_Pulse, 3-93
CTR_Rate, 3-93
CTR_Resst, 3-93
CTR_Restart, 3-93

Configure HW_Analog_Trigger
function, 3-5
conversion pulse
AT-MIO-16F-5, AT-MIO-64F-5, and
AT-MIO-16X, 2-10to 2-11

CTR_Simul_Op, 3-93
CTR_Square, 3-93
CTR_State, 3-93
CTR_Stop, 3-94
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device support, 3-92

general-purpose counter/timer functions
application hints, 3-110
GPCTR_Change Parameter, 3-109
GPCTR_Configure Buffer, 3-109
GPCTR_Control, 3-109
GPCTR_Set_ Application, 3-109
GPCTR_Watch, 3-110

interval counter/timer functions
application hints, 3-109
ICTR_Read, 3-108
ICTR_Reset, 3-108
ICTR_Setup, 3-108
interval counter/timer block

Index

counter timing and output types
(illustration), 3-97
programmabl e frequency output
operation, 3-97 to 3-98
data acquisition function
application hints
counter/timer signals
DAQCard-500 and
DAQCard-700, 3-32
Lab PC+, SCXI-1200,
DAQPad-1200, and
DAQCard-1200, 3-32
PC-LPM-16, 3-32
E series, 2-22 to 2-23

diagram, 3-108 EISA-A2000, 2-44 to 2-45
counter/timer operation. See also counter/timer signal connections
counter/timer functions; interval (illustration), 2-45
counter/timer operation. counter/timers, 2-44 to 2-45

AmO513-based MO devices, 2-16
to 2-22
assignment of 16-bit
counter/timers, 2-4
counter block diagram, 2-16
counter/timer signal connections
(illustration)
AT-MIO-16 and
AT-MIO-16D, 2-21
AT-MIO-16F-5,
AT-MIO-64F-5, and
AT-MIO-16X, 2-22
counter/timer usage, 2-20 to 2-22
gating modesin Am9513, 3-95
MIO device counter timing and
output types (illustration), 2-19
programmabl e frequency output
operation, 2-20
timebases, 2-16, 3-94
CTR function operation, 3-94 to 3-97
counter block diagram, 3-94

O National Instruments Corporation

PC-TI0-10, 2-50
creating applications. See DOS applications,
building; Microsoft Windows; Microsoft
Windows NT.
CTR_Config function, 3-92
CTR_EvCount function, 3-93
CTR_EvRead function, 3-93
CTR_FOUT _Config function, 3-93
CTR_Period function, 3-93
CTR_Pulse function, 3-93
CTR_Rate function, 3-93
CTR_Reset function, 3-93
CTR_Restart function, 3-93
CTR_Simul_Op function, 3-93
CTR_Square function, 3-93
CTR_State function, 3-93
CTR_Stop function, 3-94
customer communication, X, A-1to A-2
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D

DACUPTRIG* signal (table), 3-117
DAQCard-500 and DAQCard-700
analog input, 2-36 to 2-38
counter/timer application hints,
3-321t0 3-33
data acquisition, 2-36 to 2-37
data acquisition timing, 2-37 to 2-38
digital 1/0, 2-38
interval counter/timer operation, 2-38 to
2-40, 3-108 to 3-109
counter/timer signal connections
(illustration), 2-39
counter/timers, 2-38 to 2-40
DAQCard-1200 and DAQPad-1200
analog input, 2-23 to 2-28
analog output, 2-28
calibration, 2-31
counter/timer application hints, 3-32
data acquisition, 2-24 to 2-26
data acquisition rates, 2-27 to 2-28
data acquisition timing, 2-26 to 2-27
digital /O, 2-28 to 2-29
groups of ports, 2-29, 3-74
interrupt-driven operation, 2-31
interval counter/timer operation, 2-29 to
2-31, 3-108 to 3-109
block diagram, 2-29
counter/timer signal connections
(illustration), 2-30
counter/timers, 2-29 to 2-31
performance, 2-31
printing, 2-31
waveform generation, 2-28
DAQ_Check function, 3-28
DAQ_Clear function, 3-28
DAQCONF utility, 1-20 to 1-25
command-line flags (table), 1-25
definition, 1-20
device configuration, 1-21 to 1-23
NI-DAQ configuration file, 1-20 to 1-21
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plug and play (switchless) device
configuration, 1-14
running after plug and play device
installation, 1-15 to 1-16
SCXI configuration, 1-23 to 1-25
DAQ_Config function, 3-29
DAQ DB_Config function, 3-31, 5-11
DAQ_DB_HafReady function, 3-31, 5-12
DAQ DB_StrTransfer function, 3-31
DAQ _DB_Transfer function, 3-32, 5-12
DAQ_Monitor function, 3-29
DAQ_Op function, 3-27
DAQPad-1200. See DAQCard-1200
and DAQPad-1200.
DAQPads, configuring, 1-14
DAQ_Rate function, 3-29
DAQ_Start function, 3-29
DAQ_StopTrigger_Config function, 3-29
DAQ _to Disk function, 3-27
DAQ_VScaefunction, 3-29
DAQWare
hardware support, 1-3
installation, 1-2 to 1-3
overview, 1-2
data acquisition
AT-A2150, 2-46 to 2-47
AT-DSP2200, 2-48 to 2-49
AT-MIO-16F-5, 2-6 to 2-8
AT-MIO-16X, 2-6 to 2-8
AT-MIO-64F-5, 2-6 to 2-8
DAQCard-500 and DAQCard-700, 2-36
to 2-37
DAQCard-1200 and DA QPad-1200,
2-24t0 2-26
DMA buffer limitations in Windows
applications, 1-40
E series, 2-6t0 2-8
EISA-A2000, 2-42 to 2-43
Lab-PC+, 2-24t0 2-26
MIO-16/16D, 2-2 to 2-4
PC-LPM-16, 2-32 to 2-33
SCX1-1200, 2-24 to 2-26
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data acquisition functions, 3-27 to 3-32

high-level data acquisition functions,
3-2710 3-28
DAQ Op, 3-27
DAQ to_Disk, 3-27
LAB_ISCAN_Op, 3-27
Lab ISCAN_to_Disk, 3-28
SCAN_Op, 3-28
SCAN_to_Disk, 3-28
low-level data acquisition functions,
3-2810 3-31
DAQ_Check, 3-28
DAQ Clear, 3-28
DAQ_Config, 3-29
DAQ_Monitor, 3-29
DAQ_Rate, 3-29
DAQ_Start, 3-29
DAQ_StopTrigger_Config, 3-29
DAQ VScale, 3-29
Lab_ISCAN_Check, 3-29 to 3-30
Lab ISCAN_Start, 3-30
SCAN_Demux, 3-30
SCAN_Sequence_Demukx,
3-30, 3-41
SCAN_Sequence_Retrieve,
3-30, 3-41
SCAN_Sequence_Setup, 3-30
to 3-31, 3-41
SCAN_Setup, 3-30to 3-31
SCAN_Start, 3-31
low-level double-buffered data
acquisition functions, 3-31 to 3-32
application hints, 3-32 to 3-39
DAQ _DB_Config, 3-31, 5-11

Index

MDAQ_ScanRate, 3-43
MDAQ_Setup, 3-43
MDAQ_Start, 3-43
MDAQ_Stop, 3-43
MDAQ_StrGet, 3-43
MDAQ _Trig_Delay, 3-44
MDAQ Trig_Select, 3-44
multirate scanning, 3-40 to 3-42

data acquisition rates

AT-MIO_16F-5, 2-11

AT-MIO_16X, 2-11

AT-MIO_64F-5, 2-11

DAQCard-1200 and DA QPad-1200,
2-27 t0 2-28

E series, 2-11

EISA-A2000, 2-44

Lab-PC+, 2-27t0 2-28

MIO-16/16D, 2-6

PC-LPM-16, 2-34

SCX1-1200, 2-27 to 2-28

SCXI1 application hints, 3-141 to 3-143

data acquisition timing

AT-MIO_16F-5, 2-10to 2-11

AT-MIO 16X, 2-10to 2-11

AT-MIO_64F-5, 2-10to0 2-11

DAQCard-500 and DAQCard-700, 2-37
to 2-38

DAQCard-1200 and DAQPad-1200
devices, 2-26 to 2-27

E series, 2-8to0 2-10

EISA-A2000, 2-43 to 2-44

Lab-PC+, 2-26 to 2-27

MI0-16/16D, 2-4 to 2-5

SCX1-1200 device, 2-26 to 2-27

DAQ_DB_HalfReady, 3-31, 5-12

DAQ DB_StrTransfer, 3-31 DB_HalfReady functions, 5-12 to 5-13

DAQ DB_Transfer, 3-32, 5-12 delay counter, EISA-A2000 analog input
MDAQ functions, 3-43 to 3-44 device, 2-44

application hints, 3-44 to 3-49

MDAQ_Check, 3-43

MDAQ_Clear, 3-43

MDAQ_Get, 3-43

DB_Config functions, 5-11
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deviceinstallation and configuration
DAQCONF, 1-20 to 1-25
device configuration, 1-21 to 1-23
NI-DAQ configuration file, 1-20
to 1-21
SCXI configuration, 1-23 to 1-25
DAQPads, 1-14
DAQWare, 1-2t01-3
EISA computers, 1-16 to 1-19
ISA (PC AT/XT) computers, 1-16
NI-DAQ hardware support (table), 1-6
to 1-7
PCMCIA data acquisition cards, 1-14
plug and play (switchless) devices, 1-14
to 1-16
SCXI modules
DAQCONF configuration, 1-23
to 1-25
hardware installation, 1-19 to 1-20
WDAQCONF configuration, 1-28
to 1-31
WDAQCONF, 1-25t0 1-31
devices, generic and series names for
(table), viii-ix
DIG_Block_Check function, 3-76
DIG_Block_Clear function, 3-77
DIG_Block_In function, 3-77
DIG_Block_Out function, 3-77
DIG_Block PG_Config function, 3-77
DIG_DB_Config function, 3-78, 5-11
DIG_DB_HalfReady function, 3-78, 5-12
DIG_DB_StrTransfer function, 3-78
DIG_DB_Transfer function, 3-78
to 3-79, 5-12
DIG_Grp_Config function, 3-77
DIG_Grp_Mode function, 3-77
DIG_Grp_Status function, 3-77
DIG_In_Grp function, 3-77
DIG_In_Linefunction, 3-76
DIG_In_Port function, 3-76
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digital 1/0
Am9513-based MIO, 2-14 to 2-15
AT-AO-6/10, 2-41 to 2-42
AT-MIO-16D, 2-53
AT-MIO-16DE-10, 2-53
DAQCard-500 and DAQCard-700, 2-38
DAQCard-1200 and DA QPad-1200,
2-28t02-29
DIO-24, 2-53
DIO-32F, 2-54 to 2-55
E series, 2-15t0 2-16
groups of ports
AT-MIO-16D, 2-53, 3-74
AT-MIO-16DE-10, 2-53, 3-74
DAQCard-1200 and
DAQPad-1200, 2-29, 3-74
DIO-24, 2-53, 3-74
DIO-32F, 3-74to 3-75
Lab-PC+, 2-29, 3-74
PC-DIO-96, 2-52
SCX1-1200, 2-29, 3-74
Lab-PC+, 2-28 to 2-29
PC-DIO-96, 2-51 to 2-52
PC-LPM-16, 2-34
PC-TIO-10, 2-51
SCXI1-1200 device, 2-28 to 2-29
digital 1/0 functions, 3-75 to 3-79
application hints
digital port 1/0O applications, 3-79
to 3-80
latched versus nonlatched
digital /0, 3-79
SCXI applications, 3-143 to 3-144
applications
digital double-buffered group
block /0, 3-86 to 3-88
digital group block 1/0O, 3-84
to 3-85
digital group /0O, 3-82 to 3-83
digital line I/O, 3-81 to 3-82
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double-buffered 1/0 with DIO-32F,
3-90to 3-91
pattern generation 1/0O with
DIO-32F, 3-88 to 3-90
AT-MI0O-16D groups, 3-74
AT-MIO-16DE-10 groups, 3-74
DAQCard-1200 and DAQPad-1200
groups, 3-74
devices with digital 1/0 hardware, 3-71
DIG_In_Line, 3-76
DIG_In_Port, 3-76
DIG_Line Config, 3-76
DIG_Out_Line, 3-76
DIG_Out_Port, 3-76
DIG_Prt_Config, 3-76
DIG_Prt_Status, 3-76
DI10-24 groups, 3-74
DI10O-32F groups, 3-74 to 3-75
double-buffered digital 1/0 functions,
3-7810 3-79
DIG_DB_Config, 3-78
DIG_DB_HafReady, 3-78, 5-12
DIG_DB_StrTransfer, 3-78
DIG_DB_Transfer, 3-78
to 3-79, 5-12
group digital I/O functions, 3-76 to 3-77
DIG_Block_Check, 3-76
DIG_Block_Clear, 3-77
DIG_Block_In, 3-77
DIG_Block_Out, 3-77
DIG_Block PG_Config, 3-77
DIG_Grp_Config, 3-77
DIG_Grp_Mode, 3-77
DIG_Grp_Status, 3-77
DIG_In_Grp, 3-77
DIG_Out_Grp, 3-77
DIG_Scan_Setup, 3-77
Lab-PC+ groups, 3-74
overview, 3-71to 3-73
PC-DI0O-96 groups, 3-74
SCXI1-1200 groups, 3-74
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digital SCXI modules
Multiplexed mode, 2-64
Parallel mode, 2-65 to 2-66
DIG_Line_Config function, 3-76
DIG_Out_Grp function, 3-77
DIG_Out_Linefunction, 3-76
DIG_Out_Port function, 3-76
DIG_Prt_Config function, 3-76
DIG_Prt_Statusfunction, 3-76
DIG_Scan_Setup function, 3-77
DIO-24 digital 1/0 device
digital /0, 2-53
groups of ports, 2-53, 3-74
SCXI1 support, 2-79 to 2-80
DIO-32F digital 1/O device
digital /O, 2-54 to 2-55
double-buffered 1/0, 3-90 to 3-91
groups of ports, 3-74to 3-75
pattern generation, 3-88 to 3-90
RTSI bus connections, 3-119
SCXI support, 2-80
DIO-96 device. See PC-DIO-96
digital 1/0O device.
distribution mediafor NI-DAQ software, 1-3
to1-4
DMA buffer limitations in Windows
applications, 1-40
DMA transfers
AT bus computers, 4-2 to 4-3
definition, 4-1 to 4-2
devices using DMA transfers, 4-2
page boundariesin AT bus computers,
4-21t04-3
physical memory above 16 MB on ISA
bus computers, 4-3to 4-4
programmed 1/O vs., 4-2
Windows performance, 4-5 to 4-8
avoiding DMA reprogramming, 4-7
to 4-8
buffers requiring
reprogramming, 4-6
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DMA performance limitations, 4-6
to4-7
eliminating DMA performance
limitations, 4-7 to 4-8
limitations caused by
reprogramming, 4-6
DMA waveform generation with
AT-MIO-16F-5, 3-67 to 3-68
counter usage, 3-68 to 3-69
FIFO lag effect, 3-70
restrictions on use of delay rate, 3-69
using onboard AT-DSP2200 memory,
3-70to 3-71
documentation
about the National Instruments
documentation set, ix-x
conventions used in manual, vi-ix
how to use NI-DAQ manual set, v-vi
organization of manual, vi
related documentation, x
DOS
configuration. See deviceinstallation
and configuration.
DMA and programmed |/O performance
considerations, 4-4 to 4-5
installation, 1-7
DOS applications, building, 1-31 to 1-39
avoiding compiler warnings and
errors, 3-112
Borland Turbo C++ or Borland C++,
1-35t0 1-37
Borland Turbo Pascal, 1-37 to 1-39
Microsoft C, 1-31 to 1-32
Visual Basic
compiling and running from DOS
prompt, 1-35to 1-36
creating sourcefile, 1-32 to 1-33
running inside Visual Basic
environment, 1-33to 1-34

NI-DAQ User Manual for PC Compatibles

double-buffered configuration functions
DAQ_DB_Config, 3-31, 5-11
DIG_DB_Config, 3-78, 5-11
WFM_DB_Config, 5-11
double-buffered data acquisition, 5-1 to 5-10
input operations, 5-2 to 5-4
problem situations, 5-4 to 5-6
output operations, 5-6 to 5-10
problem situations, 5-8 to 5-10
overview, 5-1
single-buffered versus double-buffered
data, 5-1to 5-2
double-buffered data acquisition functions.
See also low-level double-buffered data
acquisition functions.
DB_Config functions, 5-11
DB_HalfReady functions, 5-12 to 5-13
DB_Transfer and DB_StrTransfer
functions, 5-11 to 5-12
double-buffered digital 1/0 functions
applications
double-buffered I/O with DIO-32F,
3-90to 3-91
group block 1/0 applications, 3-84
to 3-85
DIG_DB_Config, 3-78, 5-11
DIG_DB_HadfReady, 3-78, 5-12
DIG _DB_StrTransfer, 3-78
DIG_DB_Transfer, 3-78 to 3-79, 5-12
double-buffered mode
AT-MIO-16F-5, AT-MIO-64F-5, and
AT-MIO-16X, 2-7
E series, 2-7
Lab-PC+, 2-25
MIO-16/16D, 2-4
DSP memory. See AT-DSP2200 digital
signal processing device.
DSP2200_Calibrate function, 3-5
DSP2200_Config function, 3-5
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E

e-mail support, A-2
E series devices
analog input, 2-6 to 2-11
Calibrate E_Seriesfunction, 3-5
counter/timer operation, 2-22 to 2-23
data acquisition, 2-6 to 2-8
data acquisition rates, 2-11
data acquisition timing, 2-8 to 2-10
digital /O, 2-15t0 2-16
available ports (table), 2-15to 2-16
FIFO lag effect, 3-70
PFI pins, 2-23
programmabl e frequency output
operation, 2-23
RTSI bus connections, 3-118
waveform generation using onboard
memory, 2-12 to 2-13
EISA-A2000 analog input device, 2-42
to 2-45
A2000 Calibrate function, 3-4
A2000_Config function, 3-4
analog input, 2-42 to 2-44
counter/timer operation, 2-44 to 2-45
counter/timer signal connections
(illustration), 2-45
counter/timers, 2-44 to 2-45
data acquisition, 2-42 to 2-43
data acquisition rates, 2-44
maximum rates (table), 2-44
data acquisition timing, 2-43 to 2-44
externally clocked input with EISA
A2000, 3-25t0 3-27
RTSI bus connections, 3-119 to 3-121
EISA computer configuration, 1-16 to 1-19
event counting, 3-103 to 3-106
concatenated event counting, 3-105
to 3-106
CTR_EvCount function, 3-93
CTR_EvRead function, 3-93
flow chart, 3-100
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frequency measurement, 3-104 to 3-105
overview, 3-98
pul se width measurement
(illustration), 3-104
time-lapse measurement, 3-104
timer event counting (illustration), 3-103
event message functions. See also NI-DAQ
eventsin Visua Basic for Windows.
application hints, 3-7 to 3-8
Config_Alarm_Deadband, 3-7
Config_ATrig_Event Message, 3-7
Config_DAQ_Event Message, 3-7
Get_DAQ_Event, 3-7
Peek_DAQ_Event, 3-7
EXTCONV* signal (table)
AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X RTS|
connections, 3-117
MIO-16 and AT-MIO-16D RTSI
connections, 3-116
EXTTRIG* signdl (table), 3-117
EXTUPD* signal (table), 3-118
EXTUPDATE* signal (table), 3-118

F

fax and telephone support, A-2
faxback support, A-2
files
distribution mediafor NI-DAQ
software, 1-3to 1-4
EISA configuration files (table), 1-18
to 1-19
modifying SY STEM.INI file, 1-10
to 1-11
NI-DAQ configuration file, 1-20
to 1-21
NI-DAQ for Windows NT, 1-48
to 1-49
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FOUT signal (table)
AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X connections, 3-117
MIO-16 and AT-MI0O-16D RTSI
connections, 3-116
frame, defined, 3-44
frame-oriented and scan-oriented data
acquisition, 3-44 to 3-45
frequency measurement, 3-104 to 3-105
frequency output
Am9513-based M10 device
counter/timer operation, 2-20
counter/timer functions, 3-97 to 3-98
E series devices, 2-23
FTP support, A-1
functions
analog input functions
one-shot analog input functions,
3-18t0 3-19
single-channel analog input
application hints, 3-20 to 3-22
single-channel analog input
functions, 3-18 to 3-19
single-scan anal og input function
application hints, 3-23 to 3-27
single-scan analog input functions,
3-22t03-23
analog output functions, 3-50 to 3-51
application hints, 3-51 to 3-54
list of functions, 3-50 to 3-51
counter/timer functions, 3-92 to 3-94
application hints, 3-98 to 3-108
counter/timer operation, 3-94
to 3-97
device support, 3-92
list of functions, 3-92 to 3-94
programmabl e frequency output
operation, 3-97 to 3-98
data acquisition functions, 3-27 to 3-32
application hints, 3-32 to 3-39
double-buffered data acquisition
application hints, 3-39 to 3-40
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high-level data acquisition
functions, 3-27 to 3-28
low-level dataacquisitionfunctions,
3-2810 3-31
low-level double-buffered data
acquisition functions, 3-31to 3-32
MDAQ application hints, 3-44
to 3-49
MDAQ functions, 3-43 to 3-44
digital 1/0O function group, 3-71 to 3-79
application hints, 3-79 to 3-80
AT-MIO-16D groups, 3-74
AT-MIO-16DE-10 groups, 3-74
DAQCard-1200 and DAQPad-1200
groups, 3-74
deviceswith digital 1/0
hardware, 3-71
digital double-buffered group block
1/0 applications, 3-86 to 3-88
digital group block I/O applications,
3-8410 3-85
digital group /O applications, 3-82
to 3-83
digital 1/0 functions, 3-75 to 3-76
digital line I/0 applications, 3-81
to 3-82
DI10O-24 groups, 3-74
DI10O-32 groups, 3-74 to 3-75
double-buffered digital 1/0
functions, 3-78
double-buffered 1/0 with DIO-32F,
3-90to0 3-91
group digital I/O functions, 3-76
to 3-77
Lab-PC+ groups, 3-74
overview, 3-71to 3-73
pattern generation 1/0O with
DIO-32F, 3-88 to 3-90
PC-DI0O-96 groups, 3-74
SCX1-1200 groups, 3-74
event message functions, 3-6 to 3-8
application hints, 3-7 to 3-8
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list of functions, 3-6 to 3-7
NI-DAQ eventsin Visual Basic for
Windows, 3-8to 3-17
initialization and general configuration
functions, 3-2 to 3-4
interval counter/timer functions
application hints, 3-109
interval counter/timer operation,
3-108 to 3-109
list of functions, 3-108
list of function groups, 3-1to 3-2
memory management functions, 3-110
to 3-113
RTSI bus trigger functions
application hints, 3-124 to 3-125
AT-A2150 RTSI connections,
3-121to0 3-122
AT-AO-6/10 RTSI
connections, 3-118
AT-DSP2200 RTSI
connections, 3-123
AT-MIO-16D RTSI connections,
3-115t0 3-116
AT-MIO-16F-5, AT-MIO-64F-5,
and AT-MIO-16X
connections, 3-117
devices with interface to RTSI bus
trigger lines, 3-114
DIO-32F RTSI connections, 3-119
E series, 3-118
EISA-A2000 RTSI connections,
3-119t0 3-121
list of functions, 3-114
MIO-16 RTSI connections, 3-115
to 3-116
SCXI functions
application hints, 3-128 to 3-143
list of functions, 3-125 to 3-128
software-calibration and device-specific
functions, 3-4 to 3-6
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transducer conversion functions
function descriptions, 3-145
to 3-154
list of functions, 3-144
overview, 3-144 to 3-145
waveform generation functions, 3-54
to 3-56
application hints, 3-56 to 3-71
high-level waveform generation
functions, 3-54
low-level waveform generation
functions, 3-54 to 3-56

G

gate signal, E series, 2-9

GATEL signal (table)
AT-MIO-16F-5, AT-MIO-64F-5, and

AT-MIO-16X connections, 3-117
MIO-16 and AT-MI0O-16D RTSI
connections, 3-116

GATE2 signal (table)
AT-AO-6/10 RTSI connections, 3-118
EISA-2000 RTSI connections, 3-119

gating modes, Am9513-based MO devices,

2-17, 3-95

general-purpose counter/timer functions
application hints, 3-110
GPCTR_Change_Parameter, 3-109
GPCTR_Configure Buffer, 3-109
GPCTR_Control, 3-109
GPCTR_Set_Application, 3-109
GPCTR_Watch, 3-110

Get DAQ Device Infofunction, 3-2

Get DAQ_Event function, 3-7

Get NI_DAQ Version function, 3-2

GPCTR_Change_Parameter function, 3-109

GPCTR_Configure Buffer function, 3-109

GPCTR_Control function, 3-109

GPCTR_Set_Application function, 3-109

GPCTR_Watch function, 3-110

NI-DAQ User Manual for PC Compatibles



Index

group digital I/O functions, 3-76 to 3-77

applications

digital double-buffered group block

1/0, 3-86 to 3-88
digital group block 1/0O, 3-84
to 3-85

digital group I/0O, 3-82 to 3-83
DIG_Block_Check, 3-76
DIG_Block_Clear, 3-77
DIG_Block_In, 3-77
DIG_Block_Out, 3-77
DIG_Block PG_Config, 3-77
DIG_Grp_Config, 3-77
DIG_Grp_Mode, 3-77
DIG_Grp_Status, 3-77
DIG_In_Grp, 3-77
DIG_Out_Grp, 3-77
DIG_Scan_Setup, 3-77

groups of ports. See also group
digital 1/O functions.
AT-MIO-16D, 2-53, 3-74
AT-MIO-16DE-10, 2-53, 3-74
DAQCard-1200 and DAQPad-1200,
2-29,3-74

DIO-24, 2-53, 3-74
DIO-32F, 3-74t0 3-75
Lab-PC+, 2-29, 3-74
PC-DIO-96, 2-52, 3-74
SCX1-1200, 2-29, 3-74

H

handshaking (latched) mode, 3-73
hardware. See device installation
and configuration.
high-level data acquisition functions, 3-27
to 3-28
DAQ_Op, 3-27
DAQ_to_Disk, 3-27
LAB_ISCAN_Op, 3-27
Lab_ISCAN_to Disk, 3-28
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SCAN_Op, 3-28
SCAN_to Disk, 3-28
high-level waveform generation
functions, 3-54
WFM_from Disk, 3-54
WFM_Op, 3-54
huge buffer access in Windows applications
Borland C++, 1-42
Borland Turbo Pascal, 1-44
Microsoft Visual Basic, 1-47
NI-DAQ libraries, 1-40
HWTrig* signa (table)
AT-AT2150 RTSI connections, 3-121
description, 3-121

ICTR_Read function, 3-108
ICTR_Reset function, 3-108
ICTR_Setup function, 3-108
Init DA _Brdsfunction, 3-2
initialization and
genera-configuration functions
Align DMA_Buffer, 3-2
Get DAQ Device Info, 3-2
Get_NI_DAQ Version, 3-2
Init DA _Brds, 3-2
Master_Slave Config, 3-3
REG_Level_Read, 3-3
REG Level Write, 3-3
Set DAQ Device Info, 3-3
Timeout_Config, 3-3
Trigger_Window_Config, 3-6
USE *,3-3t0 34
installation. See also device installation
and configuration.
DAQWare, 1-2t01-3
DOS, 1-7
flowchart for setting up your system, 1-5
LabVIEW, 1-8
LabWindows/CVI, 1-8
NI-DAQ distribution media, 1-3to 1-4
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setting up your DAQ system, 1-4 to 1-5
Windows
installation utility, 1-9 to 1-10
modifications to SY STEM.INI file,
1-10to 1-11
Windows NT, 1-10 to 1-13

interrupt latency in Windows

definition, 4-5

DMA performance, 4-6
NIVISRD.386 driver, 1-10
problems caused by, 4-5
programmed 1/O performance, 4-5

interval counter/timer functions, 3-108

application hints, 3-109
device support, 3-92
ICTR_Read, 3-108
ICTR_Reset, 3-108
ICTR_Setup, 3-108

interval counter/timer operation, 3-108 to
3-109. See also counter/timer operation.

block diagram, 3-108
DAQCard-500 and DAQCard-700, 2-38
to 2-40
counter/timer signal connections
(illustration), 2-39
counter/timers, 2-38 to 2-40
ICTR functions, 3-108 to 3-109
application hints, 3-109
Lab-PC+, SCXI-1200, DAQCard-1200,
and DAQPad-1200, 2-29 to 2-31
counter/timer signal connections
(illustration), 2-30
counter/timers, 2-29 to 2-31
interval counter block
diagram, 2-29
PC-LPM-16, 2-34 to 2-36
counter/timer signal connections
(illustration), 2-35
counter/timers, 2-35 to 2-36

O National Instruments Corporation

Index-15

Index

ISA bus computers
configuration, 1-16
using physicial memory above 16 MB,
4-3t04-4

L

Lab-PC+
analog input, 2-23 to 2-28
analog output, 2-28
counter/timer application hints, 3-32
data acquisition, 2-24 to 2-26
data acquisition rates, 2-27 to 2-28
data acquisition timing, 2-26 to 2-27
digital 1/O, 2-28 to 2-29
groups of ports, 2-29, 3-74
interval counter/timer operation, 2-29 to
2-31, 3-108 to 3-109
block diagram, 2-29
counter/timer signal connections
(illustration), 2-30
counter timers, 2-29 to 2-31
SCXI support, 2-77 to 2-79
typical settling accuracies (table), 2-27
waveform generation, 2-28
Lab ISCAN_Check function, 3-29 to 3-30
LAB_ISCAN_Op function, 3-27
Lab ISCAN_Start function, 3-30
Lab ISCAN_to Disk function, 3-28
LabVIEW instalation, 1-8
LabWindows/CVI installation, 1-8 to 1-9
languages supported by NI-DAQ, 1-7. See
also specific languages.
latched (handshaking) mode, 3-73
latched versus nonlatched digital 1/0, 3-79
libraries. See NI-DAQ libraries.
low-level data acquisition functions, 3-28
to 3-31
DAQ_Check, 3-28
DAQ_Clear, 3-28
DAQ_Config, 3-29
DAQ_Monitor, 3-29
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DAQ_Rate, 3-29
DAQ_Start, 3-29
DAQ_StopTrigger_Config, 3-29
DAQ _VScae, 3-29
Lab ISCAN_Check, 3-29 to 3-30
Lab ISCAN_Start, 3-30
SCAN_Demux, 3-30
SCAN_Sequence_Demux, 3-30, 3-41
SCAN_Sequence_Retrieve, 3-30, 3-41
SCAN_Sequence_Setup, 3-30, 3-41
SCAN_Setup, 3-31
SCAN_Start, 3-31
low-level double-buffered data acquisition
functions, 3-31 to 3-32
application hints, 3-32 to 3-39
basic building blocks, 3-33 to 3-39
counter/timer signals
DAQCard-500 and
DAQCard-700, 3-32
Lab PC+, SCXI-1200,
DAQPad-1200, and
DAQCard-1200, 3-32
PC-LPM-16, 3-32
double-buffered data acquisition,
3-39to 3-40
external multiplexer support
(AMUX-64T), 3-33
DAQ _DB_Config, 3-31, 5-11
DAQ DB_HafReady, 3-31, 5-12
DAQ DB_StrTransfer, 3-31to 3-32
DAQ _DB_Transfer, 3-32, 5-12
low-level waveform generation functions,
3-54t0 3-56
WFM_Chan_Control, 3-54
WFM_Check, 3-55
WFM_ClockRate, 3-55
WFM_DB_Config, 3-55
WFM_DB_HalfReady, 3-55, 5-12
WFM_DB_StrTransfer, 3-55
WFM_DB_Transfer, 3-55, 5-12
WFM_Group_Control, 3-56
WEM_Group_Setup, 3-56
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WFM_Load, 3-56
WFM_Rate, 3-56
WFM_Scale, 3-56

LPM16 Calibrate function, 3-5

M

MAI_Arm function, 3-22 to 3-23
MAI_Clear function, 3-23
MAI_Coupling function, 3-23
MAI_Read function, 3-23
MAI_Scale function, 3-23
MAI_Setup function, 3-23
manual. See documentation.
Master_Slave Config function, 3-3
MDAQ functions, 3-43 to 3-44
application hints, 3-44 to 3-49
configuring trigger conditions, 3-45
frame-oriented and scan-oriented data
acquisition, 3-44 to 3-45
minimum function flowchart, 3-47
optional coupling and triggering
configuration (illustration), 3-49
stopping data acquisition, 3-45
terminology, 3-44
typical MDAQ function usage, 3-46
to 3-49
using onboard AT-DSP2200
memory, 3-46
MDAQ_Check, 3-43
MDAQ_Clear, 3-43
MDAQ_Get, 3-43
MDAQ_ScanRate, 3-43
MDAQ_Setup, 3-43
MDAQ_Start, 3-43
MDAQ_Stop, 3-43
MDAQ_StrGet, 3-43
MDAQ _Trig_Delay, 3-44
MDAQ _Trig_Select, 3-44
memory management
accessing buffers, 3-111
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using physical memory above 16 MB on
ISA bus computers, 4-3to 4-5
working with compilers, 3-111 to 3-113
memory management functions, 3-110
to 3-113
NI_DAQ_Mem_Alloc, 3-110
NI_DAQ_Mem_Attributes, 3-110
NI_DAQ_Mem_Copy, 3-110
NI_DAQ_Mem_Free, 3-110
NI_DAQ Mem_Lock, 3-110
NI_DAQ_Mem_Unlock, 3-110
Microsoft C. See also Microsoft Visual C++.
avoiding compiler warnings or
errors, 3-112
building DOS applications, 1-31 to 1-32
Microsoft Visual Basic
avoiding compiler warnings and
errors, 3-113
building DOS applications
compiling and running from DOS
prompt, 1-35to 1-36
creating NI-DAQ quick libraries,
1-34t01-35
creating sourcefile, 1-33t0 1-34
not enough memory error, 1-35
running inside Visual Basic
environment, 1-33to 1-34
Microsoft Visual Basic for Windows
avoiding compiler warnings and
errors, 3-113
building Windows applications, 1-45
to 1-47
NI-DAQ events, 3-8to 3-17
Analog Alarm Event custom
control, 3-13to 3-15
Analog Trigger Event custom
control, 3-11 to 3-13
custom controls, 3-8 to 3-9
General DAQ Event custom
controls, 3-9to 3-11
General DAQ Event example, 3-16
to 3-17
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multiple controls, 3-15 to 3-16
using multiple controls, 3-15to0 3-16
Microsoft Visual C++
building Windows applications, 1-42
building WindowsNT applications, 1-48
to 1-51
Microsoft Windows
building applications, 1-38 to 1-51
avoiding compiler warnings and
errors, 3-112 to 3-113
Borland C++, 1-41 to 1-43
Borland Turbo Pascal, 1-43 to 1-45
Microsoft Visual Basic, 1-45
to 1-47
Microsoft Visual C++, 1-42
NI-DAQ libraries, 1-39 to 1-41
NI-DAQ programming
considerations, 1-39 to 1-41
installation, 1-9 to 1-10
performance considerations
avoiding DMA reprogramming, 4-8
buffersrequiring DMA
reprogramming, 4-6
DMA performance, 4-6 to 4-8
eliminating DMA performance
limitations, 4-7 to 4-8
general performanceconsiderations,
4-5t0 4-8
limitations caused by DMA
reprogramming, 4-6
programmed 1/O performance, 4-5
results of DMA performance
limitation, 4-6 to 4-7
Microsoft Windows NT
building applications
changing 1/0 page lock limit, 1-49
Microsoft Visual C++, 1-49 to 1-51
NI-DAQ files, 1-48 to 1-49
user privilege level, 1-50 to 1-51
installing, 1-10to 1-13
MI10-16/16D
analog input, 2-1 to 2-6
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data acquisition, 2-2to 2-4
data acquisition rates, 2-6
data acquisition timing, 2-4 to 2-5
RTSI bus connections, 3-115to 3-116
MIO devices. See also Am9513-based MIO
devices; specific devices.
analog input, 2-1 to 2-6
AT-MIO-16F-5, AT-MI0O-64F-5,
and AT-MIO-16X, 2-6 to 2-11
characteristics (table), 2-1 to 2-2
E series, 2-6t0 2-11
MI10-16/16D, 2-1to 2-6
SCXI support, 2-76 to 2-77
analog output, 2-11 to 2-14
counter/timer operation
Am9513-based MI10O, 2-16 to 2-22
E series, 2-22 to 2-23
data acquisition
AT-MIO-16F-5, AT-MIO-64F-5,
and AT-MIO-16X, 2-6 to 2-8
E series, 2-6 t0 2-8
MI0O-16/16D, 2-2 to 2-4
digital 1/0
Am9513-based MI0O, 2-14 to 2-15
E series, 2-15t0 2-16
RTSI bus connections
AT-MIO-16F-5, AT-MI0O-64F-5,
and AT-MIO-16X, 3-117
E series devices, 3-118
MI0O-16 and AT-MI0-16D, 3-115
to 3-116
SCXI support, 2-76 to 2-77
waveform generation, 2-12
DMA waveform generation with
AT-MIO-16F-5, 3-67 to 3-68
E series devices, 2-12 to 2-13
MIO-E series devices. See E series devices.
MIO_Calibrate function, 3-6
MIO_Config function, 3-6
multiple-channel buffered data acquisition
functions. See MDAQ functions.
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multiple-channel data acquisition

DAQCard-500 and DAQCard-700,
2-36t0 2-37
Lab-PC+, SCX1-1200, DAQCard-1200,
and DAQCard-1200, 2-24

MIO-16/16D, 2-2 to 2-3
PC-LPM-16, 2-32

Multiplexed mode, SCXI modules, 2-62

to 2-64

analog input modules, 2-62 to 2-63
analog output modules, 2-64
application hints, 3-130 to 3-137
digital and relay modules, 2-64
SCX1-1200, 2-63 to 2-64

multiplexer device. See AMUX-64T

external multiplexer.

multirate scanning
flow chart for, 3-42
functionsfor, 3-41
purpose and use, 3-40 to 3-41

N

NI-DAQ configuration file, 1-20 to 1-21
NI-DAQ double buffering.
See double-buffered data acquisition.
NI-DAQ eventsin Visual Basic for
Windows, 3-8 to 3-17
Analog Alarm Event custom control,
3-13t0 3-15
Analog Trigger Event custom control,
3-11t0 3-13
custom controls, 3-8 to 3-9
General DAQ Event custom controls,
3-9t03-11
General DAQ Event example, 3-16
to 3-17
multiple controls, 3-15 to 3-16
using multiple controls, 3-15 to 3-16
NI-DAQ installation. Seeinstallation.
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NI-DAQ libraries
creating Quick librariesin Visual Basic
applications, 1-34 to 1-35
DOS applications, 1-31 to 1-37
Windows applications, 1-39 to 1-41
NI-DAQ software
compressed files on distribution
disks, 1-4
distribution media, 1-3to 1-4
features, 1-1to 1-2
hardware support (table), 1-6 to 1-7
language support, 1-7
overview, 1-6to 1-7
NI-PNP.EXE, 1-14
NIDAQ.DLL (note), 1-39
NI_DAQ Mem Alloc function, 3-110
NI_DAQ Mem_ Attributes function, 3-110
NI_DAQ Mem Copy function, 3-110
NI_DAQ Mem Freefunction, 3-110
NI_DAQ Mem Lock function, 3-110
NI_DAQ Mem Unlock function, 3-110
NIVDMAD, 1-8
NIVISRD.386 driver, 1-10
no-handshaking (nonlatched) mode, 3-73

0

one-shot analog input functions, 3-18 to 3-22
single-channel analog input functions,
3-18t0 3-19
Al_Check, 3-18
Al_Clear, 3-18
Al_Configure, 3-18 to 3-19
Al_Mux_Config, 3-19
Al_Read, 3-19
Al_Setup, 3-19
Al_VRead, 3-19
Al_VScae, 3-19
application hints, 3-20 to 3-22
single-scan anal og input functions, 3-22
to 3-23
application hints, 3-23 to 3-27
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MAI_Arm, 3-22 to 3-23
MAI_Clear, 3-23
MAI_Coupling, 3-23
MAI_Read, 3-23
MAI_Scale, 3-23
MAI_Setup, 3-23
OUTO signal (table), 3-118
OUT1* signal (table), 3-118
OUT1 signa (table)
AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X connections, 3-117
MIO-16 and AT-MIO-16D RTSI
connections, 3-116
OUT2* signal (table), 3-118
OUT2 signal (table)
AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X connections, 3-117
EISA-A2000 RTSI connections, 3-119
MIO-16 and AT-MIO-16D RTSI
connections, 3-116
OUTS5 signal (table)
AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X connections, 3-117
MIO-16 and AT-MIO-16D RTSI
connections, 3-116

P

page boundariesin AT bus computers, 4-2
to4-3
paralell port DAQ devices (DAQPads), 1-14
Parallel mode, SCXI modules
analog input modules, 2-64 to 2-65
application hints, 3-137 to 3-141
digital modules, 2-65 to 2-66
SCXI1-1200, 2-65
parallel port DAQ devices (DAQPads),
configuring, 1-14
parameter passing in Windows applications
Borland C++, 1-42
Borland Turbo Pascal, 1-45
Microsoft Visual Basic, 1-47
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NI-DAQ libraries, 1-40
Pascal. See Borland Turbo Pascal.
pattern generation 1/0O with DIO-32F, 3-88
to 3-90
PC-DIO-24 digital 1/O device. See DIO-24
digital 1/0O device.
PC-DI0-96 digital 1/0 device
digital /O, 2-51 to 2-52
groups of ports, 2-52, 3-74
SCXI support, 2-79 to 2-80
PC-LPM-16 device
analog input, 2-32to 2-34
counter/timer signals, 3-32
data acquisition, 2-32 to 2-33
data acquisition rates, 2-34
maximum recommended rates
(table), 2-34
data acquisition timing, 2-33
digital /0, 2-34
interval counter/timer operation, 2-34
to 2-36, 3-108 to 3-109
counter/timer signal connections
(illustration), 2-35
counter/timers, 2-35 to 2-36
LPM16_ Calibrate function, 3-5
SCXI support, 2-77 to 2-79
PC-T10-10 timing /O device
counter/timer operation, 2-50
digital 1/0, 2-51
PCMCIA data acquisition cards,
configuring, 1-14
Peek DAQ_Event function, 3-7
performance considerations, 4-1 to 4-8
DMA on AT bus computers
page boundariesin AT bus
computers, 4-2 to 4-3
using physical memory above
16 MB on I SA bus computers,
4-3t0 4-4
DOS performance considerations, 4-4
to4-5
programmed 1/O performance, 4-2
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Windows
avoiding DMA reprogramming, 4-8
buffersrequiring DMA
reprogramming, 4-6
DMA performance, 4-6 to 4-8
eliminating DMA performance
limitations, 4-7 to 4-8
general performanceconsiderations,
4-5t0 4-8
limitations caused by DMA
reprogramming, 4-6 to 4-7
programmed 1/O performance, 4-5
to 4-6
period and continuous pulse-width
measurement applications, 3-106 to 3-108
PFI pins, E series devices, 2-23
plug and play (switchless) devices,
configuring, 1-14 to 1-16
posttrigger mode
AT-A2150, 2-46 to 2-47
AT-DSP2200, 2-48
AT-MIO-16F-5, 2-7
AT-MIO-16X, 2-7
AT-MIO-64F-5, 2-7
E series, 2-7
EISA-A2000, 2-42 to 2-43
Lab-PC+, 2-25
MI10-16/16D analog devices, 2-3
posttrig_scans, defined, 3-44
pretrigger mode
AT-A2150, 2-46 to 2-47
AT-DSP2200, 2-48
AT-MIO-16F-5, 2-7
AT-MIO-16X, 2-7
AT-MIO-64F-5, 2-7
E series, 2-7
EISA-A2000, 2-42 to 2-43
Lab-PC+, 2-25
MI10-16/16D analog devices, 2-3
pretrig_scans, defined, 3-44
printing, DAQPad-1200 device, 2-31
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programmable frequency output operation
AmO513-based MO devices, 2-20
counter/timer operation, 3-97 to 3-98
E series devices, 2-23
programmed 1/0O
definition, 4-1
devices using programmed |/O, 4-2
DMA vs,, 4-2
Windows performance, 4-5
pulse generation
application hints, 3-98
CTR_Pulse function, 3-93
flow chart, 3-101
retriggerable one-shot pulse, 3-98
pul se width measurement
event-counting application, 3-103
to 3-104
illustration, 3-104
period and continuous pulse-width
measurement applications, 3-106
to 3-108

Q

Quick libraries, creating in Visual Basic
applications, 1-34 to 1-35

R

REG_Level_Read function, 3-3
REG_Level_Write function, 3-3
relay SCXI modules, Multiplexed

mode, 2-64
reprogramming DMA. See DMA transfers.
REQ1 signal (table), 3-119
REQ2 signal (table), 3-119
retriggerable one-shot pulse, 3-98
RTD accessory, SC-2042, 2-60
RTD_Buf_Convert function, 3-145 to 3-147
RTD_Convert function, 3-144, 3-145
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RTSI bus
application hints, 3-124 to 3-125
description, 3-114 to 3-115
RTSI bus connections, 3-115 to 3-123
AT-A2150, 3-121 to 3-122
AT-AO-6/10, 3-118
AT-DSP2200, 3-123
AT-MIO-16D, 3-116
AT-MIO-16F-5, AT-MIO-64F-5, and
AT-MIO-16X, 3-117
devices with interface for, 3-114
DIO-32F, 3-119
E series, 3-118
EISA-A2000, 3-119to0 3-121
MIO-16 devices, 3-115to0 3-116
RTSI bustrigger functions, 3-114
RTSI_Clear, 3-114
RTSI_Clock, 3-114
RTSI_Conn, 3-114
RTSI_DisConn, 3-114
RTSI_SWTrig* signal (table)
AT-A2150 RTSI connections, 3-121
description, 3-122
RTSITrig* signal (table), 3-121

S

sample clock, EISA-A2000, 2-43
sample counter
AT-MIO-16F-5, AT-MIO-64F-5, and
AT-MIO-16X, 2-11
EISA-A2000, 2-43
Lab-PC+, 2-27
MIO-16/16D devices, 2-5
sample interval counter, EISA-A2000, 2-43
sample interval timer timebase, E series, 2-9
SC-2040 track-and-hold accessory, 2-59
to 2-60
SC-2042-RTD accessory, 2-60
SC-2043-SG accessory, 2-60 to 2-61
scan, defined, 3-44
scan-interval pulse, Lab-PC+, 2-26
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scan interval timer timebase, E series, 2-9
scan-oriented data acquisition, 3-44 to 3-45
scan timer timebase, E series, 2-9
SCAN_Demux function, 3-30
scan_interval, defined, 3-44
SCAN_Op function, 3-28
SCAN_Sequence_Demux
function, 3-30, 3-41
SCAN_Sequence_Retrieve
function, 3-30, 3-41
SCAN_Sequence_Setup function, 3-30, 3-41
SCAN_Setup function, 3-30to 3-31
SCAN_Start function, 3-31
SCAN_to_Disk function, 3-28
SCX1-1100 module, 2-66 to 2-67
SCX1-1102 module, 2-67
SCX1-1120 module, 2-67 to 2-69
SCX1-1121 module, 2-67 to 2-69
SCX1-1122 module, 2-69 to 2-70
SCXI1-1124 module, 2-70to 2-71
SCX1-1140 module, 2-71to 2-72
SCXI1-1141 module, 2-72to 2-73
SCX1-1160 module, 2-73
SCXI1-1161 module, 2-73
SCX1-1162 and SCXI-1162HV modules,
2-74
SCX1-1163 and SCXI-1163R modules, 2-74
to 2-75
SCX1-1200 module
analog input, 2-23 to 2-28
analog output, 2-28
calibration, 2-31
capabilities and limitations, 2-75 to 2-76
counter/timer application hints, 3-32
data acquisition, 2-24 to 2-26
data acquisition rates, 2-27 to 2-28
data acquisition timing, 2-26 to 2-27
digital /O, 2-28 to 2-29
groups of ports, 2-29, 3-74
interrupt-driven operation, 2-31
interval counter/timer operation, 2-29 to
2-31, 3-108 to 3-109
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block diagram, 2-29
counter/timer signal connections
(illustration), 2-30
counter/timers, 2-29 to 2-31
Multiplexed mode, 2-63 to 2-64
Parallel mode, 2-65
performance, 2-31
SCXI1 support, 2-77 to 2-79
waveform generation, 2-28
SCXI functions, 3-125 to 3-128
application hints, 3-128 to 3-143
analog output applications, 3-143
data acquisition rates, 3-141
to 3-143
digital applications, 3-143 to 3-144
general SCXIbus application
flowchart, 3-129
Multiplexed mode, 3-130 to 3-137
Parallel mode, 3-137 to 3-141
SCXI_AQO_Write, 3-125
SCXI_Ca_Constants, 3-125
SCXI|_Cadlibrate_Setup, 3-125to 3-126
SCXI_Change Chan, 3-126
SCXI_Configure Filter, 3-126
SCXI|_Get_Chassis _Info, 3-126
SCXI_Get_Module Info, 3-126
SCXI|_Get_State, 3-126
SCXI|_Get_Status, 3-126
SCXI_Load_Config, 3-126
SCXI_MuxCitr_Setup, 3-126 to 3-127
SCXI|_Reset, 3-127
SCXI|_Scale, 3-127
SCXI_SCAN_Setup, 3-127
SCXI_Set_Config, 3-127
SCXI|_Set_Gain, 3-127
SCXI_Set Input_Mode, 3-127
SCXI|_Set_State, 3-128
SCXI_Single Chan_Setup, 3-128
SCXI_Track_Hold Control, 3-128
SCXI_Track Hold Setup, 3-128
SCXI modules, 2-61 to 2-80
configuration
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using DAQCONF, 1-23to0 1-25
using WDAQCONF, 1-28 to 1-31
hardware installation, 1-19 to 1-20
hardware-specific capabilities and
limitations
DAQCard-700, 2-78 to 2-79
DI0O-24 and DI0-96, 2-79 to 2-80
DIO-32F, 2-80
Lab-PC+, 2-78 to 2-79
MIO devices, 2-76 to 2-77
PC-LPM-16, 2-78 to 2-79
SCX1-1100, 2-66 to 2-67
SCX1-1102, 2-67
SCX1-1120 and SCX1-1121, 2-67
to 2-69
SCX1-1122, 2-69 to 2-70
SCX1-1124, 2-70 to 2-71
SCX1-1140, 2-71 to 2-72
SCX1-1141, 2-72 to 2-73
SCX1-1160 and SCX1-1161, 2-73
SCX1-1162 and SCX1-1162HV,
2-74
SCX1-1163 and SCX1-1163R, 2-74
to 2-75
SCX1-1200, 2-75 to 2-76, 2-77
to 2-79
installation and configuration, 2-62
overview, 2-61 to 2-62
SCX1-1200 module. See
SCX1-1200 module.
SCX| operating modes, 2-62 to 2-66
Multiplexed mode, 2-62 to 2-64
analog input modules, 2-62 to 2-63
analog output modules, 2-64
digital and relay modules, 2-64
SCX1-1200, 2-63 to 2-64
Parallel mode, 2-64 to 2-66
analog input modules, 2-64 to 2-65
digital modules, 2-65 to 2-66
SCX1-1200, 2-65
Select_Signal function, 3-6
Set DAQ Device Info function, 3-3
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setting up DAQ systems. See device
installation and configuration; installation.
SETUPWIN.EXE
LabVIEW installation, 1-8to 1-9
LabWindows/CV1 installation, 1-8
Windows installation, 1-9 to 1-10
simultaneous counter operations
(illustration), 3-102
single-buffered versus double-buffered data,
5-1t05-2
single-channel analog input functions, 3-18
to 3-19
Al_Check, 3-18
Al_Clear, 3-18
Al_Configure, 3-18to 3-19
Al_Mux_Config, 3-19
Al_Read, 3-19
Al_Setup, 3-19
Al_VRead, 3-19
Al_VScde, 3-19
application hints, 3-20 to 3-22
single-channel data acquisition
DAQCard-500 and DAQCard-700, 2-36
Lab-PC+, SCX1-1200, DAQCard-1200,
and DAQCard-1200, 2-24
MIO-16/16D, 2-2
PC-LPM-16 device, 2-32
single-scan anal og input functions, 3-22
to 3-23
application hints, 3-23 to 3-27
buffered analog input, 3-25
externally clocked input with
EISA-A2000, 3-25 to 3-27
flowchart for externally clocked
input, 3-26
function flowchart for analog input
readings, 3-25
MAI_Arm, 3-22 to 3-23
MAI_Clear, 3-23
MAI_Coupling, 3-23
MAI_Read, 3-23
MAI_Scale, 3-23
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MAI_Setup, 3-23
software-calibration and
device-specific functions
A2000_Cadlibrate, 3-4
A2000_Config, 3-4
A2150 Cadlibrate, 3-4
AQO_Cadlibrate, 3-4t0 3-5
Cdlibrate_1200, 3-5
Calibrate E_Series, 3-5
Configure HW_Analog_Trigger, 3-5
DSP2200_Calibrate, 3-5
DSP2200_Config, 3-5
LPM16_Cadlibrate, 3-5
MIQO_Cdlibrate, 3-6
MIO_Config, 3-6
SCXI1_Ca_Constants, 3-125
SCXI|_Cadlibrate_Setup, 3-125to 3-126
Select_Signal, 3-6
Trigger Window_Config, 3-6
software functions. See functions.
software installation. See installation.
SOURCE?2 signal (table), 3-119
SOURCES signal (table)
AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X connections, 3-117
MI0O-16 and AT-MIO-16D RTSI
connections, 3-116
square wave generation functions, 3-98
start scan, E series, 2-8
START* signal (table)
description, 3-120
EISA-A2000 RTSI connections, 3-119
START TRIG* signal (table), 3-116
start trigger
AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X, 2-10
E series, 2-8
Lab-PC+, 2-26
MI10O-16/16D devices, 2-5
STOP TRIG signd (table), 3-116
stop trigger
AT-MIO-16F-5, AT-MI0O-64F-5, and
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AT-MIO-16X, 2-11
E series, 2-9
Lab-PC+, 2-27
MI0O-16/16D devices, 2-5
Strain_Buf_Convert function, 3-147
to 3-149
Strain_Convert function, 3-144, 3-147
string passing in Windows applications
Borland C++, 1-42
Borland Turbo Pascal, 1-45
Microsoft Visual Basic, 1-47
NI-DAQ libraries, 1-40
switchless devices, configuring, 1-14 to 1-16
SWTrig* signal (table)
AT-A2150 RTSI connections, 3-121
description, 3-122
SYSTEM.INI file, modificationsto, 1-10

T

technical support, A-1to A-2
telephone support, A-2
Thermistor_Buf Convert function, 3-150
to 3-151
Thermistor_Convert function, 3-144, 3-150
Thermocouple_Buf_Convert function, 3-152
to 3-154
Thermocouple_Convert function, 3-144
to 3-145, 3-152
time-lapse measurement, 3-104
timebase clock
AT-MIO-16F-5, AT-MI0O-64F-5, and
AT-MIO-16X, 2-11
DAQCard-500 and DAQCard-700, 2-38
Lab-PC+, 2-27
MIO-16/16D devices, 2-5
PC-LPM-16, 2-33
timebases
Am9513-based M10O device
counter/timer operation, 2-16
EISA-A2000 analog input device, 2-44
Timeout_Config function, 3-3
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track-and-hold accessory, SC-2040, 2-59
to 2-60
transducer conversion functions
overview, 3-144 to 3-145
RTD_Buf_Convert, 3-145 to 3-147
RTD_Convert, 3-144, 3-145
Strain_Buf_Convert, 3-147 to 3-149
Strain_Convert, 3-144, 3-147
Thermistor_Buf_Convert, 3-150
to 3-151
Thermistor_Convert, 3-144, 3-150
Thermocouple Buf_Convert, 3-152
to 3-154
Thermocouple Convert, 3-144 to
3-145, 3-152
TRIGGER* signal (table)
description, 3-120

EISA-A2000 RTSI connections, 3-119

trigger signal, EISA-A2000, 2-43

Trigger Window_Config function, 3-6

Turbo C++. See Borland Turbo C++ and
Borland C++.

Turbo Pascal. See Borland Turbo Pascal.

U

USE * functions
description, 3-3to 3-4
DOS applications (note), 1-31, 1-33,
1-36, 1-37

\Y

Visua Basic. See Microsoft Visual Basic;
Microsoft Visual Basic for Windows.

W

waveform generation
AT-A0-6/10, 2-40
AT-DSP2200, 2-49 to 2-50
DAQCard-1200 and DAQPad-1200
devices, 2-28
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DAQPad-1200 device, 2-28

Lab-PC+, 2-28

MIO devices, 2-12

SCX1-1200 device, 2-28

using onboard memory
AT-A0-6/10, 2-40 to 2-41
AT-MIO-16X and AT-MIO-64F-5,

2-13t0 2-14

E seriesdevices, 2-12t0 2-13

waveform generation functions, 3-54 to 3-56

application hints, 3-56 to 3-71
basic applications, 3-57 to 3-59
basic waveform generation with
pauses, 3-60 to 3-62
counter usage, 3-68 to 3-69
DMA waveform generation with
AT-MIO-16F-5, 3-67 to 3-68
double-buffered applications, 3-63
to 3-67
external triggering, 3-71
FIFO lag effect, 3-70
minimum update intervals, 3-67
reference voltagesfor analog output
devices, 3-66 to 3-67
restrictions on use of delay
rate, 3-69
using onboard AT-DSP2200
memory, 3-70to 3-71
high-level waveform generation
functions, 3-54
WFM_from Disk, 3-54
WFM_Op, 3-54
low-level waveform generation
functions, 3-54 to 3-56
WFM_Chan_Control, 3-54
WFM_Check, 3-55
WFM_ClockRate, 3-55
WFM_DB_Config, 3-55, 5-11
WFM_DB_HalfReady, 3-55, 5-12
WFM_DB_StrTransfer, 3-55
WFM_DB_Transfer, 3-55, 5-12
WFM_Group_Control, 3-56
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WFM_Group_Setup, 3-56
WFM_Load, 3-56
WFM_Rate, 3-56
WFM_Scale, 3-56
WCAD signdl (table), 3-121
WDAQCONF utility
definition, 1-25
device configuration, 1-25 to 1-28
plug and play (switchless) device
configuration, 1-15
running after plug and play device
installation, 1-15
SCXI configuration, 1-28 to 1-31
WFM_Chan_Control function, 3-54
WFM_Check function, 3-55
WFM _ClockRate function, 3-55
WFM_DB_Config function, 3-55, 5-11
WFM_DB_HafReady function, 3-55, 5-12
WFM_DB_StrTransfer function, 3-55
WFM_DB_Transfer function, 3-55, 5-12
WFM_from_Disk function, 3-54
WFM_Group_Control function, 3-56
WFM_Group_Setup function, 3-56
WFM_Load function, 3-56
WFM_Op function, 3-54
WFM_Rate function, 3-56
WFM_Scale function, 3-56
Windows. See Microsoft Windows;
Microsoft Windows NT.
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