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Important Information
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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,
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can reasonably be expected to cause significant injury to a human. Applications of National Instruments products
involving medical or clinical treatment can create a potential for death or bodily injury caused by product failure, or by
errors on the part of the user or application designer. Because each end-user system is customized and differs from
National Instruments testing platforms and because a user or application designer may use National Instruments products
in combination with other products in a manner not evaluated or contemplated by National Instruments, the user or
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whenever National Instruments products are incorporated in a system or application, including, without limitation,

the appropriate design, process and safety level of such system or application.



Contents

About This Manual
How To Use the NI-DAQ ManUAl SEel...........covviviiiiiriiiiiiiiriciesns e e e e e ae e Xiii
(0701 0177=T 01 o] TP OTPPRP l........ X
MIO and Al Device TerminolOgy .......ccccvrriirrireeee et r e e e e s e enrereeee s XVi
About the National Instruments Documentation Set...........cccveeeiiiiiieen e XiX
Related DOCUMENTALION.......coiiuiiiieiiiiie ettt e s e e e e snb e e e e nnees XX
Chapter 1
Using the NI-DAQ Functions
Status Codes, Device Numbers, and SCXI ChassiS IDS.........ccccuivieeiiieeiiiiiiiiiieeeee e 1-1
Variable Data TYPES ....eeeeiiiiiiee ittt ettt e sttt et e e st e e e s sb b e e e e enne s 1-2
PHMAIY TYPES ..eetiiieiitiiee ettt ettt e et e e st e e e s nbreeee e e 1-2
ATTAY'S et 1-3
MUIIPIE TYPES. ..ottt e 1-3
Programming Language CONSIAErationsS...........cueiieiiiiiie ittt 1-4
Borland Delphi ........cocuviiiiiiiie e 1-4
Visual Basic for WINAOWS............uuiiiiiiiiiiiiiiiiee et e e 1-4
NI-DAQ Constants Include File ...........ccoccviiiieiieiiiiiiiieee e 1-5
NI-DAQ for LabWINAOWS/CVI .......euiiiiiiieeeee ittt e e 1-5
FUuNction Class DEeSCIIPLIONS .......oivuiiiiiiiiiee ittt 1-12
Chapter 2
Function Reference
Al_Change _Par@mMeter . ......ccoiiiiiiiiiieeee ettt e e e e e e e s b b bereeeaaaaeeaean 2-1
N O £ L= od USSP 2-3......
N 1 1= USSP 2:5.....
AL _CONTIGUIE ..ttt e e e e e e s e bbb e e e e e e e e e e e e annnees B....... 2-
Al_Get_Overloaded Channels............oooiiiiiiiiiiiiiicrrr e e e e e ee e e aeaaeees 2-10
YY1V D ©o] 11 o PP OUOPUPPPRURPTP 2-12
F S I L= Lo PSSP 2:14.....
YN R == o IS o T o R 2-16
AL SBIUD et 2-17.....
F S IV 2 LT Lo SRS URRSUPPRR -18.....2
YN VA R G- o [ Yo T o SRR 2-20
Al VSCaAIE.. ..ot ——————————————————— 2-21.....
AlGN_DMA._ BUFFEI ..t e e e e 2-23
PN @ 7= 1] o] -\ (= SRR 26......2-
AO_Change _ParameEter .........uueeiiiiiieeiie ettt e e e e e e s et e e e e e e e e e e s ananes 2-28

© National Instruments Corporation v

NI-DAQ FRM for PC Compatibles



Contents

NI-DAQ FRM for PC Compatibles vi

F O o] a1 1o [N ] £ PP PR PPPRRPPIP 2-35
AO _UPALE ...ttt e e 39..... 2-

AO _VSCAIE ... 40Q..... 2-
AO VWL ettt ettt e e ettt e e s et e e e e snbb e e e e s ennreas 2...2-4
AO _WIILE ettt e e senree e e s snnneeessnnneeeesnnnnnee e 7L 2
CalibDrate_1200 ........ccooiuriiieiiiiii et e 6...... 2-4
CaliDrate_DSA ... .o e e e a e e 2-52
CaliDrate_E_ SEIIES ..oiiiiiiiiiie et e e 2-55
CaliDrate_TIO .. .o 61.....2-
Config_Alarm_Deadband............oocuiiiiiiiii e 2-64
Config_ATrig_EVENt_MESSAGE ........viiieiiiiiie et 2-68
Config_DAQ_EVENt MESSAGE ....uueiiieeiiiiiie ettt ettt e e e 2-72
Configure_HW_ANalOg_THGGEN . .uueeeiiiiiiie ettt 2-84
(O3 I o G o] | o [ PP P PSP UTPPPPRPPUPRP 1....2-9
CTR_EVCOUNT ...ttt ettt e e e e e s e et e e e e e e s e s e e eeees 2-93
CTR_EVREAU. ...ttt e et e e s e e e e e e 2-95
CTR _FOUT _CONTIG ..ttt ittt ettt et e s e e e 2-97
CTR_PEIIOU ...ttt e e nanrr e 99...... 2-
CTR _PUISE. ..ottt e e e a e e e :101....2
CTR_RALE ..ttt e e e e e e e e e e a e :105....2
TR _RESEL ..ttt e e 107....2-
CTR_RESIAN ..ttt ee ittt e e e e e s r e e e e e e e e e nanes 108.... 2-
CTR _SIMUI_OP ittt et e s et e e e st e e e neee 2-109
CTR_SQUANE ...ttt ettt e e e e e e sttt e e e e e s e e e e e eeee s 11....2-1
CTR_STALE ...ttt et e et e e e e s e s e e e e e e e :114....2

(O3 S (o] o PO UPPPRP PP PPPPPPPPRPIE At B > SN2
DAQ _CHECK ..ttt e e aannee e 6...2-11
DAQ _ClBAT ...ttt 118...2-
DAQ _CONTIG ttttiittiit ettt 9..2-11
DAQ _DB_CONTIG...ittiiiieiiiiiiee ittt 2-122
DAQ_DB_HAaIfREAAY......cceiiiiiiieiiiiiie et 2-123
DAQ_DB_TraNSTEI ..t 2-125
(BN @ 1 o] a1 (o] S OO PP P OUPPPP 2-127
5N @ O ]« O TP U PP R PTPPPO :130...2
DAQ _RALE ...ttt e e 133...2-
DAQ _SEE_CIOCK .. ttitee ettt ettt et e e et e e ee e e 2-135
DAQ _STAN ...ttt -137...2
DAQ_StopTrigger_CONFig ....ceeeeiuieiiieiiiiii ettt 2-141
DAQ L0 _DiSK..eiiiiiiiiiie ettt 3...2-14
DAQ _VSCAIE ... 6...2-14
DIG_BIOCK_CRECK ....coiiiiiiiiiiiite ettt e e 2-148
DIG_BIOCK_CIEA ......eiieiiiiiee ettt e e e st e e e sbb e e e e aae 2-149
DIG_BIOCK_IN 1ottt e s e e e e e 0..2-15
DIG_BIOCK_OUL ..ttt ettt e e et e e e et e e e e 2-153

www.natinst.com



Contents

DIG_BIOCK_PG_CONTIg..ttiiiitiiiieiiiiiie ettt e s 2-155
DIG_Change_Message_CoNfig ........couuiiiiaiiiiiiieiiiiiie it 2-159
DIG_Change_Message_CoONtrol...........coouuiiiiiiiiiiieiiiiie e 2-162
DI (D] =T o] | o T TP PP PTT T OPPPPP 2-163
DIG_DB_HAIfREAAY .......eeeiiiiiiiiiieiiiee ettt e 2-165
DIG_DB_TrANSTEE ...ttt st e e ee s 2-167
D[ 11 =T g o] ¢ o [ PP PPPPPP 2-169
(D] [ €Ty o o] 1 1o PP PP UPPRPN 2-171
DIG_GIP_MOAE....ceeiieiiie ettt e e st e e e 2-173
DIG _GIP_SEALUS ...eeeeiiiieeeeie ittt e e e st e e e e e e s s re e e e e e e e e e e nnnn 2-176
(DL | o T ] o T PP PP PP PPTPTPRRRPP 178...2-
DIG _IN_LIN@ .ttt 180...2-
DIG N Pt e -182...2
DIG_LIiNE_CONTIQG ..tttiiiiiiiiie ettt et e bbb 2-184
DIG _OUL_ G ettt e s e r e e e e e s s e reneeees ] 6...2-18
DIG_OUL_LINE .ottt et e e e e e e e e 7...2-18
DIG _OUL Pttt e e s e e 189...2-

(D] [ o A o] 1 o [P PPUPPPP TP PR 1..2-19
DIG _ Pt _StAtUS ...coee ittt e e e e e e e e e e e 94....2-1
DIG_SCAN _SEIUP. ...ttt ettt e e e e s e s et e e e e e e s s 2-196
DIG_Trigger_CONTig ....eeeeieiiiiiiie ettt e e e 2-200
Get_DAQ _DEVICE_INTO ...ttt 2-203
Gt _NI_DAQ _VEISION ....tiiiiiiiiiiiee ettt ettt e et e e e sbb e e e e s aabb e e e e s sabreeeeeans 2-206
GPCTR_Change _Parameter .........cooiiiiiiiiiiiee ettt 2-207
GPCTR_CONFIG_BUFTEI ...ttt e 2-222
GPCTR_CONIIO] ..ttt ettt e e ettt e e e e it e e e e s abneeee e e 2-224
GPCTR_REAU_BUFTEI ....ciiiiiiiii et 2-227
GPCTR_SEt_APPIICALION. ......eeiiiiiiiieiee ettt e e e 2-230
GPCTR_WALCK ..ottt e e rabreee e 2-264
ICTR_REAM ... .ottt as 267....2-
ICTR _RESEL ...ttt e e e e e 269....2-
ICTR S BIUD 1ttt e e e e e e e e e e n e 270....2-
INIE DA BIAS .t 274...2-
Lab_ISCAN_CRECK ... et e 2-282
=1 o I 11 OF AN\ O o PSP P OPPPPPP 2-285
LaD_ ISCAN _STAI. ....eiiieiiiiiiee ittt e et e e e st e e e e s snbreeee e e 2-289
Lab_ISCAN_TO DiSK...cciiiiiiiiiiiiiiiei ettt 2-293
Line_Change_ALHDULE ........ooiiiiiiii et 2-296
LPMLE_CaliDrate. ...ttt 2-299
Y (@ o] 1 1o [T OO UPTUPPPPPN 300...2-
RTSI_CIBAT ...ttt et e b e e e e :302....2
RTSI_CIOCK ..ttt et e e sann e 303...2-
RT ST _CONN ¢t e e e e e s e e 305....2-
RTSI_DISCONN. ...ttt ettt e e s e e e s s anbb e e e e annnees 0....2-31

© National Instruments Corporation vii NI-DAQ FRM for PC Compatibles



Contents

SC_2040 _CONFIG tttttteiittiee ettt ettt e e e e e e e e aees 2-311
SCAN _DEBIMUX . .etttteeeee ittt e e e et s e et e e e e e e e s s r e e e e e e e e s e nnnrnnee s 2-313
10 Y N O o PP PT T TPP PSPPI 315...2-
SCAN_SEQUENCE_DEIMUX ..ottt et e ettt e e r e e e s e e e e e e e e s 2-318
SCAN _SEQUENCE_REIINEVE.......ieiieie ittt st et eeeeaaes 2-321
SCAN _SEQUENCE_SEEUP ..etiiieeiieiittt ettt e e e e e e e s eeeeee s 2-322
SCAN _SEIUP cetieiii ettt e e e e e 5....2-32
SCAN ST ...ttt e e 328...2-
SCAN_LO DISK ...ttt ettt et 2-334
SCXI_AD _WIIE ..ottt e e e s et e e s e nnbe e e e e eaenes 2-338
SCXI_Cal_CONSLANTS.....etieiitiiiie ettt ettt s e e s ab e e e s abbe e e e e nnnees 2-341
SCXI_CAIIDIALE .....eeeieiiiieiie e 0...2-35
SCXI_CaliDrate _SETUP ...eeeeiiiiiiee ettt 2-354
SCXI_Change_CRan ........ouiiiiiiiiiei ettt eeeeaae 2-356
SCXI_CONFIGUIE_FIIEI ....eeiiiiieee e 2-357
SCXI_Get_ChasSiS_INFO .....uiiiiiiiiiiie e 2-360
SCXI_Get_MOAUIE_INTO ...eeiiiiiiiiiie e 2-362
SCXI_ GO _STALE ...eeeeiieie ettt et e e e e e e e e 2-364
SCXI_GEE_STALUS ...eviiiieiiiiirteei ettt e e e e e et e e e e s e e e e e e e e e e e s aanne 2-366
109 I Ko Y- To [ @201 1] 1o [RTRRR PP PP UPPPTPPPPPPPN 2-368
SCXI_MOAUIEID _REAM ....cceiiiiiiieiiiiie ettt 2-369
SCXI_MUXCET _SEEUP ...eteteieiie ettt e e s e e et e e e e e e eees 2-371
SCXI L RESEL ..ttt 313....2-
SCXI_SCAIE .t 376.... 2-
SCXI_SCAN _SEIUP . tttttee ittt ettt ettt st e e s et e e s et b e e e e s anbre e e e e aenreas 2-380
SCXI_SEE_CONFIG .ttt e e enreas 2-383
100 IS 1= G CT- 1 o B O PP PPPOPPPPP 2-387
SCXI_Set_INPUL_IMOTE ...ttt 2-389
SCOXI_SBE SEALE ....etteeiitei ettt 0....2-39
SCXI_Set_TRIeSNOId........eeiiiiiiiii e e e e 2-392
SCXI_SINGIE_ChaN_SEIUP ...eeiiiiiiiiie e 2-394
SCXI_Track _Hold_CONrol ........ccoiiiiiiiiiiiiiie e 2-395
SCXIL_Track _HOIA_SEIUP....coiiiiiee ettt 2-397
SEIECE_SIGNAL ... et +401....2

Set DAQ _DEVICE _INTO .oiiiiiiiiiii e 2-423
TIMEOUL_CONTIG 1ottt e e s 2-434
WEM_Chan_CONtrOl.......cviiiiiiiiieie ettt ettt e et e e sbbe e e e e eaes 2-436
WEM_CRECK ..ottt e et e e e s st b e e e e sbreeeaean 2-438
WM _CIOCKRALE. ...ttt et e e e e 2-440
WEM_DB_CONTIQ.ciiiiiiiiiiiiiiiiee ettt 2-445
WEM_DB_HalfREAAY.......ceiiiiiiiiiiiiiiie et 2-447
WEM_DB_TFaNSTEI ...ttt 2-449
WEM_TIOM_DISK ...ttt e e 2-451
WEM_GIOUP_CONTIOL .. ettt ettt e e e e e e 2-454

NI-DAQ FRM for PC Compatibles viii www.natinst.com



Contents

WM _GrOUP _SEEUP .. i ittt ettt e e e e e e s s e s e e e e e e e s e e s aannnes 2-456
WEM _LOAG. c....ecveeeeeeeeeceeteee ettt n ettt ee s en e aeanns 58...2-4
WEM_OP .ottt s et n et s ettt ene s s enente s eneneennees 462...2-
WEM_RALE. ... i e e e e e e eeeeeeeeeeeeeeeen 20D 2-
WM _SCaIE .ottt e e e e e e e e e e e e e e e e e e annne 67....2-4
WM _SEE_CIOCK ..ttt ettt e e st e e e e e e e e eneas 2-469

Appendix A

Error Codes

Appendix B

Analog Input Channel, Gain Settings, and Voltage Calculation

Appendix C

NI-DAQ Function Support

Appendix D

Technical Support Resources

Glossary

Index

Figures
Figure 2-1.  High Alarm Deadband.............c..cooouuiiiiiiiie e 2-66
Figure 2-2.  Low Alarm Deadband ...........cccceveeeiiiiiiiiieiec e 2-67
Figure 2-3.  Analog Trigger EVENT.........oviiiiie e 2-71
Figure 2-4.  ND_BELOW_LOW_LEVEL ...oioiovoiieeeeeeeeeeeeeeeeeeeeeeeeeeeee e 2-86
Figure 2-5. ND_ABOVE_HIGH_LEVEL ......cooioiotieeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 2-86
Figure 2-6.  ND_INSIDE_REGION ......coouiiiieeeeeeeeeeeeee e 2-87
Figure 2-7.  ND_HIGH_HYSTERESIS ....ooioiieteeeeeeeeeeeeeeeeeeeeee e 2-87
Figure 2-8.  ND_LOW_HYSTERESIS .....oooieeeeeeeeeeee oot 2-87
Figure 2-9.  Pulse Generation TiMiNg ........ccuiiieurriirreeeeriiiiiiieeeeeeessssnsnneeeeeeeeessnnnnne 2-103
Figure 2-10. Pulse Timing fgulseWidth = 0........cccevevveieii i 2-104
Figure 2-11.  Square Wave TimMiNg.......uueereeeeiiiiiiiiieeeeeeeeeeeesssssinreeereeeeeesessnnnnneeneees 2-113
Figure 2-12. Digital Scanning Input Group Handshaking Connections..................... 2-198
Figure 2-13. Digital Scanning Output Group Handshaking Connections.................. 2-199
Figure 2-14. Position Measurement for X1 ENCOAErS........ccccvevveeeeeeiiiiiciiiiineeeeeeeen, 2-212
Figure 2-15. Position Measurement for X2 ENCOErS.........cccvvvveveeeeiiiiiciiiiiieeeeeeeen, 2-212

© National Instruments Corporation ix NI-DAQ FRM for PC Compatibles



Contents

Figure 2-16.
Figure 2-17.
Figure 2-18.
Figure 2-19.
Figure 2-20.
Figure 2-21.
Figure 2-22.
Figure 2-23.
Figure 2-24.
Figure 2-25.
Figure 2-26.
Figure 2-27.
Figure 2-28.
Figure 2-29.
Figure 2-30.
Figure 2-31.
Figure 2-32.

Figure 2-33.
Figure 2-34.

Figure 2-35.
Figure 2-36.
Figure 2-37.
Figure 2-38.
Figure 2-39.
Figure 2-40.
Figure 2-41.
Figure 2-42.
Figure 2-43.
Figure 2-44.

Tabhles

NI-DAQ FRM for PC Compatibles X

Table 1.

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

Position Measurement for X4 ENCOUENS ........cocuveveiiiiiiiieiniiiiee i 2-213
Position Measurement Using Two Pulse Encoders...........cccccceeveeeeeennn. 2-213
X4 Quadrature Decoding with Z indeXing..........coccoeveeinieieniniienee e, 2-216
Simple Event COUNtING ......vvviiiiiiiee e 2-233
Single Period MeasUremMeNt ...........ocuvvieiiiiiee et 2-234
Single Pulse Width Measurement..........coccvvveiiiiiieniiieee e 2-237
Single Triggered Pulse Width Generation Measurement ..................... 2-239
Two Signal Edge Separation Measurement...........cccccevvvveeeennieeeennnnen. 2-242
X4 Decoding Example with Z indexing ..........cccccoviieeiiniiiee e, 2-244
Single Pulse GeNEration ..........cooiiuiiiiiiiiiie e 2-245
Single Triggered Pulse Generation ..........cccocveveeiiiiiee e 2-247
Retriggerable Pulse GeNneration ............cccccovuviieiiiieie e 2-249
Pulse Train GENEration ...........ccuuviiiiiieee e e e 2-250
Frequency Shift KEYING ......cooiiiiiiiiiiieie e 2-252
Buffered EVENt COUNTING .....oooiiviiiiiiiiiiee it 2-254
Buffered Period Measurement ...........ccuvvviveiieeeeiiiiiiiiieee e 2-256
Buffered Period Measurement when No Source Edges Are

Present between Gate EdQeS .......ccuvvviiiiiiieiiiiiiee e 2-257
Buffered Semi-Period Measurement............cccceevviiieieniiiee e 2-258
Buffered Semi-Period Measurement when No Source Edges

Are Present between Gate EAQeS .......ccueveeviiiiieiiiiiiiee e 2-258
Buffered Pulse Width Measurement...........ccccoviieieniiiiee e 2-259
Buffered Pulse Width when Gate Is High during Arming.................... 2-260
Buffered Two-Signal Edge Separation Measurement ...............ccc.oe.... 2-261
Buffered Position Measurement ...........ccoovvveieiiiiiiee e 2-263
Mode O Timing DIAgram ........c.eeeeiiiuiiiieiiiiie e 2-271
Mode 1 Timing DIAgram .......cc.eeeeeiuiiieeiiiie e 2-271
Mode 2 Timing DIAgram ........c.eeeeiiiiiieeiiiiie e 2-271
Mode 3 Timing DIAgram .......cc.eeeeiiiiiiieiiiiiie e 2-272
Mode 4 Timing DIAgram .......cc.eeeeiiiiiieeiiiie e 2-272
Mode 5 Timing DIAgram ........c.eeeeiiiiiieeiiiiiie e 2-272
MIO @NA Al DEVICES ....vveeiiiieiee ittt e e e s e e e e e e e eeneeeeeeee s XVii
StALUS VAIUES ...t 1-1
Primary TYPE NAMES ....coooiiiiiiiiiiiiiie ettt 1-2
The LabWindows/CVI Function Tree for Data Acquisition ................ 1-6
Parameter Settings for Al_Configure .........ccccoooiiiiiiieiee e, 2-7
Port O Digital I/O Lines ReSErved..........ccccuuveeiiiiiiieiiiiiiee e 2-13
Reglitching Parameters for Permissible Devices...........cccccccvveeeeeiinnnns 2-29
Voltage or Current Output Parameters ...........ccccvveeiverieeeeee e, 2-29
Parameter Values for FIFO Transfer Conditions...........ccoccveeeiiiineeenne 2-30

www.natinst.com



Table 2-6.
Table 2-7.
Table 2-8.
Table 2-9.

Table 2-10.
Table 2-11.
Table 2-12.
Table 2-13.
Table 2-14.

Table 2-15.

Table 2-16.

Table 2-17.

Table 2-18.
Table 2-19.
Table 2-20.

Table 2-21.

Table 2-22.
Table 2-23.
Table 2-24.
Table 2-25.
Table 2-26.
Table 2-27.
Table 2-28.
Table 2-29.
Table 2-30.
Table 2-31.
Table 2-32.
Table 2-33.
Table 2-34.

Table A-1.

Table B-1.
Table B-2.
Table B-3.
Table B-4.
Table B-5.

© National Instruments Corporation Xi

Contents

Default Values for FIFO Transfer Condition ............cccccevviieeiiniieeennns 2-31
Parameter Setting Information for Output Enable ..............cccoccieeennee 2-32
Parameter Setting Information for Output Attenuation......................... 2-33
Possibl€alibrate_1200  Parameter Values.......cccccccoevvvvvvvieeenneennn. 2-48
DAQEVENT MESSAGES ....evvvriiiieiiiiiiiririeeie e e e e ee e e e s s e s 2-75
Valid Counters and External Timing SignalfaQEvent=9........ 2-79

Usable Parameters for DifferBQEvent Codes........cccccevvvvvvvennnnn. 2-80
Legal Values for gpctrNum Parameter..........cocvveeeiiiieeeiniieeeeinieeee e 2-208
Legal Values for paramValue when paramID = ND_SOURCE

and gpctrNUm =ND_COUNLEr_X. .....ooiiiiiiieaiiiiiee ettt 2-209
Definition of Other Counter for paramValue Set to

ND_OTHER_GPCTR_TC...coooieuiieieeeieteeeeeeeeeeeeeeeie e, 2-210
Default Source Selection for ND_SIMPLE_EVENT_CNT or

ND_BUFFERED_EVENT CNT...coiiiiiiiiiceeeieeeeeeeeeeseseeeee e 2-210
Legal Values for paramValue when paramID = ND_GATE and

gpctrNUm =ND_COUNTER _X. ..ot 2-214
Default Gate SeleCtion..........ccooiiiiiiiiiiiiie e 2-215
Default Aux Line Selection ..o 2-218
Legal Values fgraramValue when

paramID = ND_INITIAL_COUNT . ..ccutuiiiieieiiiiiee et e e e eeeees 2-218
Legal Values faramValue whenparam|D = ND_COUNT_1,

ND_COUNT_2, ND_COUNT_3,andND_COUNT 4........ccccoverrereerenne. 2-219
Default Up/DOWN SEIECHON ....c.coiiiiiiiiiiiiiie et 2-220
Legal Values for the action Parameter ...........cccccovviieeiiiiiiieee e 2-225
Descriptions for appliCation .............occeeeeiiiiiiiieiie e 2-231
TermMinal COUNL.....ccciiiiiiiii ittt 2-233
AT-AO-6/10, DAQPad-6713, and DIO-32F RTSI Bus Signals........... 2-305
DIO 6533 RTSI BUS SIgNalS ......uvvviiiiiiiiiee e 2-306
SCXI Module SCan LiSt ......ccuueieiiiiiiie it 2-372
MIO OF Al SCAN LiSt...c.iiiiiiiiiiiii et 2-372
Possible Values for signal ... 2-403
Legal Parameters for the 660X DEVICES..........ccovvvriieiiiiiiiieiniiieee i 2-414
E Series and 6¥5ignal Name Equivalencies ..........ccccvcvveeeiniiineeenns 2-420
RTSI Bus Line and VXIbus Trigger Mapping..........cccoecvveeerninereennnnne. 2-421
RTSI Bus Line and PXI Bus Trigger Mapping.........cccceecvveeeennvneeennene 2-421
Error Code SUMMEIY.......ceiiiiiiiiiiiiiiiee sttt e e A-1
Valid Analog Input Channel SettingsS.........ccccveviviiie i B-1
Valid Internal Analog Input Channels...........cccoviiiiiiiiiie i, B-2
Internal Channel Purposes for Analog Input DeVices...........ccccocvveeenns B-6
Valid GaiN SELHNGS ....oiveeeeeiiiiiie e B-7
The Values of maxReading and maxVolt ..........cccccoviieiiiiiiiiene e, B-8

NI-DAQ FRM for PC Compatibles



Contents

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

MIO and Al DeVice FUNCLIONS.........uuviiiiiiieeeiiiee et C-1
Lab/516/DAQCard-500/700 FUNCHIONS .......vvvviiieeeeeiieiiiiiiieeee e e C-5
DSA DEViICe FUNCLIONS ...cooiiiiiieiiiiiiie et C-8
Analog Output Family FUNCHONS..........cccuviiiiiiiieieiiiecce e C-10
Digital I/O Family FUNCLONS ..........ooiiiiiiiieiiiieee e C-12
Timing DeViCe FUNCLIONS........ocuiiiiiiiiiie et C-13
SCXI FUNCHONS ..ottt e e e e e e e e e e e C-15

NI-DAQ FRM for PC Compatibles Xii www.natinst.com



About This Manual

TheNI-DAQ Function Reference Manual for PC Compatilidefor users

of the NI-DAQ software for PC compatibles version 6.6. NI-DAQ software

is a powerful application programming interface (API) between your data
acquisition (DAQ) application and the National Instruments DAQ devices.

How To Use the NI-DAQ Manual Set

You should begin by reading tiNd-DAQ User Manual for PC
CompatiblesChapter 1introduction to NI-DAQ contains a flowchart

that illustrates the sequence of steps you should take to learn about and
get started with NI-DAQ software.

When you are familiar with the material in tN& DAQ User Manual for
PC Compatiblesyou can use thidI-DAQ Function Reference Manual for
PC Compatibleswhich contains detailed descriptions of the NI-DAQ
functions. You also can use the Windows helpNileAQPC.HLP, which
contains all of the function reference material. Other documentation
includes thddAQ Hardware Overview Guidand the Measurement &
Automation Explorer help file.

Conventions
The following conventions appear in this manual:
* An asterisk following a signal name indicates an active low signal.
@ This icon denotes a note, which alerts you to important information.
A This icon denotes a caution, which advises you of precautions to take to
avoid injury, data loss, or a system crash.
1102/B/C modules Refers to the SCXI-1102, SCXI-1102B, and SCXI-1102C modules and the

VXI-SC-1102, VXI-SC-1102B, and VXI-SC-1102C submodules.

1200/1200 Al device Refers to DAQCard-1200, DAQPad-1200, Lab-PC-1200, Lab-PC-1200Al,
PCI-1200, and SCXI-1200.

1394 Refers to a high-speed external bus that implements the IEEE 1394 serial
bus protocol.
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12-bit device
16-bit device
445X device
455X device
516 device
54XX device
611X device
6025E device
6052E device
652X device
660X device
6602 device
6703 device
6704 device
671X device
Al device

bold

DAQCard-500/700

DIO 6533

DIO-24 (6503)

DIO-32F

NI-DAQ FRM for PC Compatibles

These MIO and Al devices are listed in Table 1.

These MIO and Al devices are listed in Table 1.

Refers to the PCI-4451, PCI-4452, PCI-4453, and PCI-4454.

Refers to the NI 4551 and NI 4552.

Refers to the DAQCard-516 and PC-516.

Refers to the AT-5411 and PCI-5411.

Refers to the PCI-6110E and PCI-6111E.

Refers to the PCI-6025E and PXI-6025E.

Refers to the PCI-6052E, PXI-6052E, and DAQPad-6052E for 1394.
Refers to the PCI-6527and PXI-6527.

Refers to the PCI-6601, PCI-6602, PXI-6602, PCI-6608, and PXI-6608.
Refers to the PCI-6602 and PXI-6602.

Refers to the PCI-6703 and PXI-6703.

Refers to the PCI-6704 and PXI-6704.

Refers to the PCI-6711, PXI-6711, PCI-6713, and PXI-6713.

These analog input devices are listed in Table 1.

Bold text denotes items that you must select or click on in the software,
such as menu items and dialog box options. Bold text also denotes
parameter names.

Refers to the DAQCard-500 and DAQCard-700.

Refers to the AT-DIO-32HS, PCI-DIO-32HS, DAQCard-6533, and
PXI-6533.

Refers to the PC-DIO-24, PC-DIO-24PnP, DAQCard-DIO-24, and
PCI-6503.

Refers to the AT-DIO-32F.
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DIO-96

DIO device

DSA device

E Series device

italic

Lab and 1200 analog
output device
Lab and 1200 device

LPM device
MIO device

MIO-16XE-50 device

MIO-64

monospace

monospace italic

NI-DAQ

NI-TIO based device
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Refers to the PC-DIO-96PnP, PCI-DIO-96, DAQPad-6507, DAQPad-6508,
and PXI-6508.

Refers to any DIO-24, DIO-32, DIO-6533 (DIO-32HS), DIO-96,
VXI-DIO-128, or DAQPad DIO.

Refers to the PCI-4451, PCI-4452, PCI-4453, PCI-4454, NI 4551, and
NI 4552.

These are MIO and Al devices. Refer to Table 1 for a complete list of these
devices.

Italic text denotes variables, emphasis, a cross reference, or an introduction
to a key concept. This font also denotes text that is a placeholder for a word
or value that you must supply.

Refers to the DAQCard-1200, DAQPad-1200, Lab-PC+, Lab-PC-1200,
PCI-1200, and SCXI-1200.

Refers to the DAQCard-1200, DAQPad-1200, Lobed+, Lab-PC-1200,
Lab-PC-1200Al, PCI-1200, and SCXI-1200.

Refers to the PC-LPM-16 and PC-LPM-16PnP.
Refers to multifunction I/O devices. See Table 1 for a list of these devices.

Refers to the AT-MIO-16XE-50, DAQPad-MIO-16XE-50, and
NEC-MIO-16XE-50, and PCI-MIO-16XE-50.

Refers to MIO devices with 64 Al channels, such as the AT-MIO-64E-3,
PCI-6031E, PCI-6033E, PCI-6071E, VXI-MIO-64E-1, and
VXI-MIO-64XE-10.

Text in this font denotes text or characters that you should enter from the
keyboard, sections of code, programming examples, and syntax examples.
This font is also used for the proper names of disk drives, paths, directories,
programs, subprograms, subroutines, device names, functions, operations,
variables, filenames and extensions, and code excerpts.

Italic text in this font denotes text that is a placeholder for a word or value
that you must supply.

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

Refers to the NI 4551, N1 4552, PCI-6601, PCI-6602, PXI-6602, PCI-6608,
and PXI-6608.
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PC Refers to the IBM PC/XT, IBM PC AT, and compatible computers.

PCI Series Refers to the National Instruments products that use the high-performance
expansion bus architecture originally developed by Intel.

PXI Refers to PCI extensions for instrumentation that are derived from the
CompactPCI standard.

remote SCXI Refers to an SCXI configuration where either an SCXI-2000 chassis or an
SCXI-2400 remote communications module is connected to the PC serial
port.

SCXI-1102/B/C Refers to the SCXI-1102, SCXI-1102B, and SCXI-1102C devices.

SCXI-1120/D Refers to the SCXI-1120 and SCXI-1120D.

SCXI analog input Refers to the SCXI-1100, SCXI-1101, SCXI-1102, SCXI-1104,

module SCXI-1112, SCXI-1120, SCXI-1120D, SCXI-1121, SCXI-1122,

SCXI-1125, SCXI-1140, SCXI-1141, SCXI-1142, and SCXI-1143.
SCXI chassis Refers to the SCXI-1000, SCXI-1000DC, SCXI-1001, and SCXI-2000.

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

simultaneous sampling  Refers to the PCI-6110E, PCI-6111E, PCI-4451, PCI-4452, PCI-4551,

device PCI-4552, PCI-4453, and PCl-4454.,
VXI-MIO device Refers to the VXI-MIO-64E-1 and VXI-MIO-64XE-10.
VXI-SC-1102/B/C Refers to the VXI-SC-1102, VXI-SC-1102B, and VXI-SC-1102C.

MIO and Al Device Terminology

This manual uses generic terms to describe groups of devices whenever
possible. The generic terms for the MIO and Al devices are based on
the number of bits, the platform, and the functionality. These devices are
collectively known as the E Series devices. Table 1 lists each MIO and
Al device and the possible board type for each.
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About This Manual

Number
of SE

Device Board Type Channels Bit Type
AT-Al-16XE-10 Al 16 16-bit AT
AT-MIO-16DE-10 MIO 16 12-bit AT
AT-MIO-16E-1 MIO 16 12-bit AT
AT-MIO-16E-2 MIO 16 12-bit AT
AT-MIO-16E-10 MIO 16 12-bit AT
AT-MIO-16F-5 MIO 16 12-bit AT
AT-MIO-16XE-10 MIO 16 16-bit AT
AT-MIO-16XE-50 MIO 16 16-bit AT
AT-MIO-64E-3 MIO 64 12-bit AT
AT-MIO-64F-5 MIO 64 12-bit AT
DAQCard-6023E Al 16 12-bit PCMCIA
DAQCard-6024E MIO 16 12-bit PCMCIA
DAQCard-6062E MIO 16 12-bit PCMCIA
DAQCard-Al-16E-4 Al 16 12-bit PCMCIA
DAQCard-Al-16XE-50 Al 16 16-bit PCMCIA
DAQPad-MIO-16XE-50 MIO 16 16-bit Parallel Port
DAQPad-6020E MIO 16 12-bit usB
DAQPad-6052E MIO 16 16-bit 1394
DAQPad-6070E MIO 16 12-bit 1394
NEC-AI-16E-4 Al 16 12-bit NEC
NEC-AI-16XE-50 Al 16 16-bit NEC
NEC-MIO-16E-4 MIO 16 12-bit NEC
NEC-MIO-16XE-50 MIO 16 16-bit NEC
PCI-6023E Al 16 12-bit PCI

© National Instruments Corporation
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Table 1. MIO and Al Devices (Continued)

Number
of SE
Device Board Type Channels Bit Type

PCI-6024E MIO 16 12-bit PCI
PCI-6025E MIO 16 12-bit PCI
PCI-6031E (MIO-64XE-10) MIO 64 16-bit PCI
PCI-6032E (Al-16XE-10) Al 16 16-bit PCI
PCI-6033E (Al-64XE-10) Al 64 16-bit PCI
PCI-6034E Al 16 16-bit PCI
PCI-6035E MIO 16 16-bit Al PCI

12-bit AO
PCI-6052E MIO 16 16-bit PCI
PCI-6071E (MIO-64E-1) MIO 64 12-bit PCI
PCI-6110E MIO 4 diff. only | 12-bit Al PCI

16-bit AO
PCI-6111E MIO 2 diff. only | 12-bit Al PCI

16-bit AO
PCI-MIO-16E-1 MIO 16 12-bit PCI
PCI-MIO-16E-4 MIO 16 12-bit PCI
PCI-MIO-16XE-10 MIO 16 16-bit PCI
PCI-MIO-16XE-50 MIO 16 16-bit PCI
PXI-6011E MIO 16 16-bit PXI
PXI1-6023E Al 16 12-bit PXI
PXI-6024E MIO 16 12-bit PXI
PXI-6025E MIO 16 12-bit PXI
PXI-6030E MIO 16 16-bit PXI
PXI-6031E MIO 64 16-bit PXI
PXI-6034E Al 16 16-bit PXI
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Table 1. MIO and Al Devices (Continued)

Number
of SE
Device Board Type Channels Bit Type
PXI-6035E MIO 16 16-bit Al PXI
12-bit AO
PXI-6040E MIO 16 12-bit PXI
PXI-6052E MIO 16 16-bit PXI
PXI-6070E MIO 16 12-bit PXI
VXI-MIO-64E-1 MIO 64 12-bit VXI
VXI-MIO-64XE-10 MIO 64 16-bit VXI

About the National Instruments Documentation Set

TheNI-DAQ Function Reference Manual for PC Compatilidasne piece

of the documentation set for your DAQ system. You might have any of
several types of manuals, depending on the hardware and software in your
system. Use these manuals as follows:

© National Instruments Corporation

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

Your SCXI hardware 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.

Your DAQ hardware user manuals—These manuals 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 documentation—Examples of software documentation you
might have are the ComponentWorks, LabVIEW and
LabWindows/CVI, VirtualBench, and NI-DAQ documentation. After
you have set up your hardware system, use either the application
software or the NI-DAQ documents to help you write your application.
If you have a large and complicated system, it is worthwhile to look
through the software manuals before you configure your hardware.
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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.

¢ SCXI Chassis User Manuallf you are using SCXI, read this manual
for maintenance information on the chassis and installation
instructions.

Related Documentation

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

For detailed hardware information, refer to the user manual included with
each board. You can also review the following manuals:

« Omega Temperature Handbook
¢ NIST Monograph 125, Thermocouple Reference Tables
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Using the NI-DAQ Functions

This chapter contains important information about how to apply the
function descriptions in this manual to your programming language and
environment.

When you are familiar with the material in tN&DAQ User Manual for
PC Compatiblesyou can use this manual for detailed information about
each NI-DAQ function.

Status Codes, Device Numbers, and SCXI Chassis IDs

Every NI-DAQ function is of the following form:

status = Function_Name (parameter 1, parameter 2, ...
parameter n)

wheren = 0. Each function returns a value in gtatusvariable that
indicates the success or failure of the function, as shown in Table 1-1.

Table 1-1. Status Values

Status Result
Negative Function did not execute because of an error
Zero Function completed successfully
Positive Function executed but with a potentially serious
side effect

@ Note In all applicationsstatusis always a 16-bit integer. Appendix Brror Codes
contains a list of error codes.

Parameter tables follow the NI-DAQ function format and purpose. The first
parameter to almost every NI-DAQ function is the device number of the
DAQ device you want NI-DAQ to use for the given operation. After you
follow the installation and configuration instructions in the NI-DAQ release
notes and Chapter htroduction to NI-DAQof theNI-DAQ User Manual

for PC Compatiblesyou can use Measurement & Automation Explorer, to
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determine the device number for each device you have installed in the
system, or to verify your device numbers. You can use multiple DAQ
devices in one application; to do so, pass the appropriate device number to
each function.

If you are using SCXI, you must pass the chassis ID that you assigned to
your SCXI chassis in the configuration utility to the SCXI functions you
use. For many of the SCXI functions, you must also pass the module slot
number of the module you want to use. The slots in the SCXI chassis are
numbered from left to right, beginning with slot 1. The controller on the left
side of the chassis is referred to as Slot 0. You can use the configuration
utility to verify your chassis IDs and your module slot numbers.

Variable Data Types

The NI-DAQ API is identical in Windows 98/95 and Windows NT. Every
function description has a parameter table that lists the data types in each
of the environments. LabWindows/CVI uses the same types as Windows.
The following sections describe the notation used in those parameter tables
and throughout the manual for variable data types.

Primary Types
Table 1-2 shows the primary type names and their ranges.
Table 1-2. Primary Type Names
Type
Type Pascal
Name Description Range C/C++ Visual BASIC (Borland Delphi)
i8 8-bit ASCII -128 to 127 char Not supported by Byte
character BASIC. For functions
that require character
arrays, use string types
instead. See the STR
description.
i16 16-bit signed -32,768 to 32,767 short Integer Smallint
integer (for example:
deviceNum%)
NI-DAQ FRM for PC Compatibles 1-2 www.natinst.com
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Type
Type Pascal
Name Description Range C/C++ Visual BASIC (Borland Delphi)
ul6é 16-bit unsigned 0to 65,535 unsigned Not supported by Word
integer short BASIC. For functions
that require unsigned
integers, use the signeq
integer type instead. Se
the i16 description.
i32 32-bit signed —2,147,483,648 to long Long (for example: LonglInt
integer 2,147,483,647 count& )
u32 32-bit unsigned 0 to 4,294,967,295 unsigned Not supported by Cardinal (in
integer long BASIC. For functions 32-bit operating
that require unsigned | systems). Referto
long integers, use the the i32
signed long integer type description.
instead. See the i32
description.
32 32-bit —3.402823« 10%8 to float Single (for Single
single-precision 3.402823x 108 examplenum!)
floating point
f64 64-bit —1.797683134862311 double Double (for Double
double-precision x 10%%8t0 examplevoltage# )
floating point 1.797683134862315
X 10’308
STR BASIC or Pascal — Use character | String (for example: String
character string array terminated| filename$ )
by the null
charactehkO
Arrays
When a primary type is inside square brackets (for example, [i16]) an array
of the type named is required for that parameter.
Multiple Types

Some parameters can be in multiple types. Combinations of the primary
types separated by commas denote parameters with this ability, as in the

following example:

[i16], [f32]

© National Instruments Corporation
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The previous example describes a parameter that can accept an array of
signed integers or an array of floating-point numbers.

Programming Language Considerations

Apart from the data type differences, there are a few language-dependent
considerations you need to be aware of when you use the NI-DAQ API.
Read the following sections that apply to your programming language.

@ Note Be sure toinclude the NI-DAQ function prototype files by including the appropriate
NI-DAQ header file in your source code.

@ Note Refer to Chapter Zzundamentals of Building Windows Applicatipimsthe
NI-DAQ User Manual for PC Compatibléar further programming details.

Borland Delphi

When you pass arrays to NI-DAQ functions using Borland Delphi in
Windows, you need to pass a pointer to the array. You can either declare
an array and pass the aragdresso the NI-DAQ function, or you can
declare a pointer, dynamically allocate memory for the pointer, and pass
the pointer directly to the NI-DAQ function. For example:

var
buffer : array [1..1000] of Integer;
bufPtr : Nnteger;

status :=DAQ_Start (device, chan, gain, @buffer, count,
timebase, sampinterval);

or

(* allocate memory for bufPtr first using AllocMem or
New *)

status := DAQ_Start (device, chan, gain, bufPtr, count,
timebase, sampinterval);

Visual Basic for Windows

NI-DAQ FRM for PC Compatibles

When you pass arrays to NI-DAQ functions using Visual Basic for
Windows, you need to pass the first element of the array by reference. For
example, you would call theAQ_Start function using the following

syntax:

status% = DAQ_Start (device%, chan%, gain%, buffer%(0),

count&, timebase%, samplnterval%)
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NI-DAQ Constants Include File

The file NIDAQCNS.INC contains definitions for constants required for
some of the NI-DAQ functions. You should use the constants symbols in
your programs; do not use the numerical values.

In Visual Basic for Windows, you can add the entileBAQCNS.INC file
into your project. You then will be able to use any of the constants defined
in this file in any module in your program.

To add theNIDAQCNS.INC file for your project in Visual Basic 3.0 and 4.0,
go to therile menu and select thiadd File option. SelecNIDAQCNS.INC,
which is theinclude  subdirectory of NI-DAQ directory. Then, select
Opento add the file to the project.

To add theNIDAQCNS.INC file to your project in Visual Basic 5.0, go to
the Project menu and seleé&dd Module. Click on theExisting tab page.
SelectNIDAQCNS.INC, which is thdnclude subdirectory of your
NI-DAQ directory. Then, sele@pento add the file to the project.

Alternatively, you can cut and paste individual lines from this file and place
them in the module where you need them. However, if you do so, you
should remove the wor@lobal from theCONSTANTS$efinition.

For example,
GLOBAL CONST ND_DATA_XFER_MODE_AI& = 14000

would become:
CONST ND_DATA_XFER_MODE_AI& = 14000

NI-DAQ for LabWindows/CVI

Inside the LabWindows/CVI environment, the NI-DAQ functions appear
in the Data Acquisition function panels under tlilgraries menu. Each
function panel represents an NI-DAQ function, which is displayed at the
bottom of the panel. The function panels have help text for each function
and each parameter; however, if you need additional information, you can
look up the appropriate NI-DAQ function alphabetically in Chapter 2,
Function Referengef this manual.

Table 1-3 shows how the LabWindows/CVI function panel tree is
organized, and the NI-DAQ function name that corresponds to each
function panel.
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition

LabWindows/CVI Function Panel

NI-DAQ Function

Data Acquisition
Initialization/Utilities
Initialize Board
Configure Timeout
Get Device Information
Set Device Information
Align DMA Buffer
Get DAQ Library Version
Select Signals
Config Analog Trigger
Change Line Attribute
Board Config & Calibrate
Configure MIO Boards
Configure AMUX Boards
Configure SC-2040
Calibrate E-Series
Calibrate LPM-16
Calibrate Analog Output
Calibrate 1200 Devices
Calibrate DSA Devices
Calibrate TIO Devices
Analog Input
Single Point
Measure Voltage
Clear Analog Input
Read Analog Binary

Scale Binary to Voltage

Init_DA_Brds

Timeout_Config
Get_DAQ_Device_Info
Set_DAQ_Device_Info
Align_DMA_Buffer
Get_NI_DAQ_Version
Select_Signal
Configure_HW_Analog_Trigger
Line_Change_Attribute

MIO_Config
Al_Mux_Config
SC_2040_Config
Calibrate_E_Series
LPM16_Calibrate
AO_Calibrate
Calibrate_1200
Calibrate_ DSA
Calibrate_TIO

Al_VRead
Al_Clear
Al_Read

Al_VScale

NI-DAQ FRM for PC Compatibles 1-6
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

Setup Analog Input
Check Analog Input
Configure Analog Input
Change Analog Input Parameter
Multiple Point
Acquire Single Channel
Scan Multiple Channels
Scan Lab Channels
Single Scan Binary
Single Scan Voltage
Single Channel to Disk
Multiple Chans to Disk
Scan Lab Chans to Disk
Low-Level Functions
Convert DAQ Rate
Start DAQ
Setup Scan
Setup Sequence of Scans
Retrieve Scan Sequence
Start Scan
Check DAQ or Scan
Assign Rate to DAQ Group
Monitor DAQ or Scan
Start Lab Scan
Check Lab Scan
Clear DAQ or Scan
Scale DAQ or Scan

Al_Setup
Al_Check
Al_Configure

Al_Change_Parameter

DAQ_Op
SCAN_Op
Lab_ISCAN_Op
Al_Read_Scan
Al_VRead_Scan
DAQ to Disk
SCAN_to_Disk

Lab ISCAN_to Disk

DAQ_Rate

DAQ_Start

SCAN_Setup
SCAN_Sequence_Setup
SCAN_Sequence_Retrieve
SCAN_Start
DAQ_Check

DAQ_Set Clock
DAQ_Monitor
Lab_ISCAN_Start
Lab_ISCAN_Check
DAQ_Clear

DAQ _VScale
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

Reorder Scan Data
Reorder Scan Seq Data
Configure DAQ
Config DAQ Pretrigger
Enable Double Buffering
Is Half Buffer Ready?
Half Buffer to Array
Set DAQ Clock Rate
Get Overloaded Channels
Analog Output
Single Point

Generate Voltage

Scale Voltage to Binary

Write Analog Binary

Update Analog DACs

Configure Analog Output

Change Analog Output Parameter

Waveform Generation
Generate WFM from Array
Generate WFM from Disk
Low-Level Functions

Scale Waveform Buffer
Convert Waveform Rate
Assign Waveform Group
Load Waveform Buffer

Assign Rate to WFM Group

Control Waveform Group

SCAN_Demux
SCAN_Sequence_Demux
DAQ_Config
DAQ_StopTrigger_Config
DAQ_DB_Config
DAQ_DB_HalfReady
DAQ_DB_Transfer
DAQ_Set Clock

Al_Get_Overloaded_Channels

AO_VWrite
AO_VScale
AO_Write
AO_Update
AO_Configure

AO_Change_Parameter

WFM_Op
WFM_from_Disk

WFM_Scale
WFM_Rate
WFM_Group_Setup
WFM_Load
WFM_ClockRate
WFM_Group_Control
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

Pause/Resume WFM Channel
Check Waveform Channel
Enable Double Buffering

Is Half Buffer Ready?

Copy Array to WFM Buffer
Set WFM Group Rate

Digital Input/Output

Configure Port
Configure Line
Read Port (32-bit)
Read Line

Write Port (32-bit)
Write Line

Get Port Status

Group Mode

Configure Group

Read Group

Write Group

Get Group Status

Set Group Mode

Block Transfer

Read Block
Write Block
Check Block
Clear Block
Set Up Pattern Generation

Configure Digital Trigger

WFM_Chan_Control
WFM_Check
WFM_DB_Config
WFM_DB_HalfReady
WFM_DB_Transfer
WFM_Set_Clock

DIG_Prt_Config
DIG_Line_Config
DIG In_Prt
DIG_In_Line
DIG_Out_Prt
DIG_Out_Line
DIG_Prt_Status

DIG_Grp_Config
DIG_In_Grp
DIG_Out_Grp
DIG_Grp_Status
DIG_Grp_Mode

DIG_Block_In
DIG_Block_Out
DIG_Block_Check
DIG_Block_Clear
DIG_Block_PG_Config

DIG_Trigger_Config
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Using the NI-DAQ Functions

Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

SCXI

Set Up Digital Scanning

Enable Double Buffering

Is Half Buffer Ready?

Transfer To/From Array
Change Notification

Configure Change Notification

Control Change Notification
Filtering

Configure Digital Filtering

Load SCXI Configuration
Change Configuration
Get Chassis Config Info
Get Module Config Info
Read Module ID Register
Reset SCXI

Set Up Single Al Channel
Set Up Muxed Scanning
Set Up Mux Counter

Set Up Track/Hold
Control Track/Hold State
Select Gain

Configure Filter

Select Scanning Mode
Change Al Channel
Scale SCXI Data

Write to AO Channel

DIG_SCAN_Setup
DIG_DB_Config
DIG_DB_HalfReady
DIG_DB_Transfer

DIG_Change_Message_Config
DIG_Change_Message_Control

DIG_Filter_Config

SCXI_Load_Config
SCXI_Set_Config
SCXI_Get_Chassis_Info
SCXI_Get_Module_Info
SCXI_ModulelD_Read
SCXI_Reset
SCXI_Single_Chan_Setup
SCXI_SCAN_Setup
SCXI_MuxCtr_Setup
SCXI_Track_Hold_Setup
SCXI_Track_Hold_Control
SCXI_Set_Gain
SCXI_Configure_Filter
SCXI_Set_Input_Mode
SCXI_Change_Chan
SCXI_Scale
SCXI_AO_Write
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

Set Digital or Relay State
Get Digital or Relay State
Get Status Register
Set Up Calibration Mode
Calibrate SCXI Module
Change Cal Constants
Set Threshold Values
Counter/Timer
DAQ-STC and NI-TIO Counters
Select Ctr Application
Change Ctr Parameter
Configure Ctr Buffer
Control Ctr Operation
Monitor Ctr Properties
Read Ctr Buffer
Am9513 Counters (CTR)
Configure Counter
Count Events
Count Periods
Read Counter
Stop Counter
Restart Counter
Reset Counter
Get Counter Output State
Convert CTR Rate
Generate Pulse

Generate Square Wave

SCXI_Set_State
SCXI_Get_State
SCXI_Get_Status
SCXI_Calibrate_Setup
SCXI_Calibrate
SCXI_Cal_Constants
SCXI_Set_Threshold

GPCTR_Set_Application
GPCTR_Change_Parameter
GPCTR_Config_Buffer
GPCTR_Control
GPCTR_Watch
GPCTR_Read_Buffer

CTR_Config
CTR_EvCount
CTR_Period
CTR_EvRead
CTR_Stop
CTR_Restart
CTR_Reset
CTR_State
CTR_Rate
CTR_Pulse
CTR_Square
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

Generate Freq OUT Signal

Operate Multi Counters

8253 Counters (ICTR)
Setup Interval Counter
Read Interval Counter
Reset Interval Counter
RTSI Bus
Connect RTSI
Disconnect RTSI
Clear RTSI
Clock RTSI
Event Messaging

Config Alarm Deadband

Config Analog Trigger Event

Config Event Message

CTR_FOUT_Config
CTR_Simul_Op

ICTR_Setup
ICTR_Read
ICTR_Reset

RTSI_Conn
RTSI_DisConn
RTSI_Clear
RTSI_Clock

Config_Alarm_Deadband
Config_ATrig_Event_Message
Config_DAQ_Event_Message

Function Class Descriptions

Thelnitialization/Utilities class is used for general board initialization and
configuration, configuration retrieval, and setting NI-DAQ properties. This

class also contains several useful utility functions.

TheBoard Config & Calibrateclass performs calibration and

configuration for specific types of boards.

TheAnalog Inputclass contains the classes of functions that perform A/D
conversions.

The Single Pointlass of Analog Input functions performs
analog-to-digital (A/D) conversions of a single sample.

NI-DAQ FRM for PC Compatibles
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Chapter 1 Using the NI-DAQ Functions

The Multiple Pointclass performs clocked, buffered multiple A/D
conversions typically used to capture waveforms. This class includes
high-level functions and leow-Level Functionsubclass. The high-level
functions are synchronous; that is, your application is blocked while these
functions are performing the requested number of A/D conversions. The
low-level functions are asynchronous; that is, your application continues to
run while the board performs A/D conversions in the background. The
low-level functions also include the double-buffered functions. The
Analog Outputlass contains the function classes that perform
digital-to-analog (D/A) conversions.

The Single Pointlass of Analog Output functions performs single
D/A conversions.

The Waveform Generatioclass performs buffered analog output. The
Waveform Generation functions generate waveforms from data contained
in an array or a disk file. THeow-Level Functionsubclass provides a finer
level of control in generating multiple D/A conversions.

The Digital Input/Outputclass performs digital input and output
operations. It also contains two subclas&esup Modéds a subclass of the
Digital Input/Outputclass that contains functions for handshaked digital
input and output operationBlock Transfeiis a subclass of thHeroup
Modeclass that contains functions for handshaked or clocked, buffered or
double-buffered digital input and output operations.

The Change Notificatiortlass sets up conditions for sending messages to
your application when certain digital lines change state.

The Filtering class performs signal conditioning of selected digital input
lines.

The SCXlclass configures the SCXI line of signal conditioning products.

The Counter/Timerclass of function panels performs counting and timing
operationsDAQ-STC and NI-TIO Counteisa subclass of Counter/Timer
that contains functions that perform operations on the DAQ-STC counters
on the E Series and NI-TIO devicésn9513 Counters (CTH) another
subclass of Counter/Timer that contains functions that perform operations
on the PC-TIO-108253 Counters (ICTR} a subclass of Counter/Timer
that contains functions that perform counting and timing operations for the
DAQCard-500/700 and 516, Lab and 1200 series, and LPM devices.

© National Instruments Corporation 1-13 NI-DAQ FRM for PC Compatibles



Chapter 1 Using the NI-DAQ Functions

TheRTSI Buglass of function panels connects control signals to the RTSI
bus and to other boards.

The Event Messagimdass sets up conditions for sending messages to your
application when certain events occur.
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Function Reference

This chapter contains a detailed explanation of each NI-DAQ function. The functions are
arranged alphabetically.

Al_Change_Parameter

Format
status =Al_Change_Parameter  (deviceNumber, channel, paramID, paramValue)

Purpose
Selects a specific parameter for the analog input section of the device or an analog input
channel. You can select parameters related to analog input not listed here through the
Al_Configure  function.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility

channel i16 number of channel you want to configure;
use -1 to indicate all channels

paramID u32 identification of the parameter you want to change

paramValue u32 new value for the parameter specified by
paraml|D

Parameter Discussion

Legal ranges foparamID andparamValue are given in terms of constants defined in a
header file. The header file you should use depends on the language you are using:

e C programmers-NDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)
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Function Reference — Al_Change_Parameter

e BASIC programmers-NIDAQCNS.INC (Visual Basic for Windows programmers should
refer to theProgramming Language ConsideratioimsChapter 1lJsing the NI-DAQ
Functions for more information.)

»  Pascal programmershtDAQCNS.PAS

Legal values fochanneldepend on the type of device you are using; analog input channels
are labeled 0 through— 1, wheren is the number of analog input channels on your device.
You can sethannelto —1 to indicate that you want the same parameter selection for all
channels.

Note For the 61X devices, specifiD_PFI_0 for channel when setting coupling of
thePFI_0 line for the analog trigger.

Legal values foparamValue depend oparamID. The following paragraph list features you
can configure along with legal values fmramID with explanations and corresponding legal
values forparamValue.

Channel Coupling

Some analog input devices have programmable AC/DC coupling for the analog input
channels. To change the coupling parametepa@mID to ND_Al_COUPLING

Coupling Parameters

Per Channel
Selection Legal Range for
Device Type Possible paramValue Default Setting
PCI-6110E Yes ND_ACandND_DC ND_DC
PCI-6111E Yes ND_ACandND_DC ND_DC
445X devices Yes ND_ACandND_DC ND_DC
455X devices Yes ND_AcCand ND_DC ND_DC

Using This Function

You can customize the behavior of the analog input section of your device by using this
function. Call this function before calling NI-DAQ functions that cause input on the analog
input channels. You can call this function as often as needed.
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Al_Check

Format
status =Al_Check (deviceNumber, readingAvailable, reading)

Purpose

Returns the status of the analog input circuitry and an analog input reading if one is available.
Al_Check is intended for use when A/D conversions are initiated by external pulses applied
at the EXTCONV* pin or, if you are using the E Series devices, at the pin selected through
the Select_Signal function. Se®AQ_Config for information on enabling external
conversions.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
Output
Name Type Description
readingAvailable i16 whether a reading is available
reading i16 integer result

Parameter Discussion
readingAvailable represents the status of the analog input circuitry.
1 NI-DAQ returns an A/D conversion resultreading.
0: No A/D conversion result is available.

reading is the integer in which NI-DAQ returns the 12-bit result of an A/D conversion. If the
device is configured for unipolar operatisaading ranges from 0 to 4,095. If the device is
configured for bipolar operationeading ranges from —2,048 to +2,047. For devices

with 16-bit ADCs,reading ranges from 0 to 65,535 in unipolar operation, and —32,768 to
+32,767 in bipolar operation.

@ Note C Programmers+eadingAvailable andreading are pass-by-address parameters.
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Using This Function
Al_Check checks the status of the analog input circuitry. If the device has performed an
A/D conversionAl_Check returnsreadingAvailable = 1 and the A/D conversion result.
If the device has not performed this conversiinCheck returnsreadingAvailable = 0.

Al_Setup , in conjunction withAl_Check andAl_Clear , is useful for externally timed A/D
conversions. Before you cal_Setup , you can calAl_Clear to clear out the A/D FIFO

of any previous conversion results. The device then performs a conversion each time the
device receives a pulse at the appropriate pin. You caflcghieck to check for and return
available conversion results.

@ Note You cannot use this function if you have an SC-2040 connected to your DAQ device.
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Al _Clear

Format
status =Al_Clear (deviceNumber)

Purpose
Clears the analog input circuitry and empties the FIFO memory.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility

Using This Function

Al_Clear clears the analog input circuitry and empties the analog input FIFO memory.
Al_Clear also clears any analog input error conditions. @aftlear beforeAl_Setup to
clear out the A/D FIFO memory before any series of externally triggered conversions begins.
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Al_Configure

Format
status =Al_Configure  (deviceNumber, chan, inputMode, inputRange, polarity, driveAlS)

Purpose

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

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility

chan i16 channel to be configured

inputMode i16 indicates whether channels are configured for
single-ended or differential operation

inputRange i16 voltage range of the analog input channels

polarity i16 indicates whether the ADC is configured for
unipolar or bipolar operation

driveAlS i16 indicates whether to drive AISENSE to onboard
ground

Parameter Discussion
chanis the analog input channel to be configured, and since the same analog input
configuration applies to all of the channels, except for the E Series devicdsrsad —1.
For the E Series devicashan specifies the channel to be configured. If you want all of the
channels to be configured identically, sbanto —1.
Range: See Table B-¥alid Analog Input Channel Settinga Appendix B,Analog
Input Channel, Gain Settings, and Voltage Calculation

inputMode indicates whether the analog input channels are configured for single-ended or
differential operation.
0: Differential (DIFF) configuration (default).
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1: Referenced Single-Ended (RSE) configuration (used when the input signal does
not have its own ground reference. The negative input of the instrumentation
amplifier is tied to the instrumentation amplifier signal ground to provide one.)

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

inputRangeis the voltage range of the analog input chanpelsuity indicates whether the
ADC is configured for unipolar or bipolar operation.

0: Bipolar operation (default value).

1 Unipolar operation.

Table 2-1 shows all possible settingsifggutMode, inputRange, andpolarity . inputMode
is independent ahputRange andpolarity . In this table, italic text denotes default settings.

Table 2-1. Parameter Settings for Al_Configure

Analog Input Range
Resulting
Possible Analog
Values for Input Software
Device inputMode inputRange | polarity Range Configurable
12-bit E Series 0,1,2 ignored unipolar | O0to+10V Yes
d 6052E . .
32vices ignored bipolar -5to+5V
16-bit E Series, 0,1,2 ignored unipolar | O0to+10V Yes
(except 6052E . .
devices) ignored bipolar | —-10to +10V
PCI-6110E, 0 ignored bipolar | —10to 10V No
PCI-6111E
Lab-PC+ 0,1,2 ignored unipolar | 0to+10V No
ignored bipolar -5to+5V
1200 and 0,1,2 ignored unipolar | O0to+10V Yes
1200AI Devices . .
Vi ignored bipolar -5to+5V
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Table 2-1. Parameter Settings for Al_Configure

Function Reference — Al_Configure

(Continued)

Analog Input Range

Resulting
Possible Analog
Values for Input Software
Device inputMode inputRange | polarity Range Configurable
LPM Devices ignored 5 unipolar Oto+5V No
(RSE . (PC-LPM-16)
inputMode 5 bipolar | —2.5to0 +2.5
only) v Yes
, (PC-LPM-16PnP
10 unipolar | Oto+10V
10 bipolar -5t0o+5V
516 Devices, 1 10 bipolar -5to5V N/A
DAQCard-500
DAQCard-700 0,1 5 bipolar | —2.5t0 +2.5 Yes
Y,
10 bipolar -5to+5V
20 bipolar | —-10to +10V

Note

If a device is software-configurable, tigputMode, inputRange, andpolarity
parameters are used to program the device for the configuration you want. If a device is not
software configurable, this function uses these parameters to inform NI-DAQ of the device
configuration, which you must set using hardware jumpers. If your device is software
configurable and you have changed the analog input settings through Measurement &

Automation Explorer, you do not have to #ugeConfigure , although it is good practice

to do so in case you inadvertently change the configuration file maintained by
Measurement & Automation Explorer.

driveAlS is ignored for all other devices. This parameter is present for compatibility reasons

only.

Notice that if you have configured any of the input channels in non-reference single-ended

(NRSE) mode, this function returns a warnimgutModeConflict (18), if you setlriveAlS

to 1. When NI-DAQ reads a channel in NRSE mode, the device uses AISENSE as an input to

the negative input of the amplifier, regardless oftiteeAlS setting. When NI-DAQ reads a

channel in differential or reference single-ended (RSE) mode, the device drives AISENSE to

onboard ground iflriveAlS is 1.
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Using This Function
When you attach an SC-2040 or SC-2042-RTD to your DAQ device, you must configure
channels 0 through 7 for differential mode. When you attach an SC-2043-SG or any SCC
accessories to your DAQ device, you must configure these channels for nonreferenced
single-ended mode. On the 16-bit E Series devices, the calibration constants used for analog
input change depending on the polarity of the analog input channels. NI-DAQ always ensures
that the calibration constants in use match the current polarity of the channels.

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

@ Note The actual loading of calibration constants takes place when you edl| BAQ
or SCANfunction. On the AT-MIO-16X, the need for reloading the constants depends on
the polarity of the channel on which you are doing analog input.
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Al_Get_Overloaded Channels

Format
status =Al_Get_Overloaded_Channels (deviceNumber, numChannels, channellList)

Purpose
Returns a list of the channels that experienced an overload condition during an acquisition.
Only those channels that are part of the scan are checked for overload.

Parameters
Input

Name Type Description

deviceNumber | i16 | assigned by configuration utility

Output

Name Type Description

numChannels | i16 number of channels returned in channelList

channelList [i16] | contains the channels that experienced an overload condition

Parameter Discussion
numChannelsis the number of channels contained indhannelList output parameter.
If no channels experienced an overload conditmmChannelswill be zero. At most,
numChannelswill equal the number of channels being scanned in the data acquisition.

channelList holdsnumChannelschannel numbers indicating the channels that
experienced an overload condition during an acquisition. When calling
Al_Get_Overloaded_Channels , the length othannelList should be equal to either
the number of channels configured in 8@AN_Setup numChans parameter or 1 if a
single channel data acquisition has been started.

Using This Function
During an acquisition, the signal connected to an analog input channel may exceed the input
limits of the ADC and conditioning circuitry on the channel. This condition is called an
overload. Status and data retrieval functions, su@nas CheckandDAQ_Monitor , return
an overload warning when the condition occurs, and the acquisition operation continues to
run. UseAl_Get_Overloaded_Channels to determine which channels being scanned in
the acquisition have experienced an overload. Once an overload occurs on a channel, all calls
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to Al_Get_Overloaded_Channels will return the channel ishannelList until the
acquisition is cleared by callim@AQ_Clear .

See the user manual for your device for more information about how the device responds to
an analog input overload.
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Al_Mux_Config

Format
status =Al_Mux_Config (deviceNumber, numMuxBrds)

Purpose
Configures the number of multiplexer (AMUX-64T) devices connected to the MIO and
Al devices and informs NI-DAQ of the presence of any AMUX-64T devices attached to the
system (MIO and Al devices only).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
numMuxBrds i16 number of external multiplexer devices

Parameter Discussion
numMuxBrds is the number of external multiplexer devices connected.
0: No external AMUX-64T devices are connected (default).
1,2, 4: Number of AMUX-64T devices connected.

Using This Function
You can use an external multiplexer device (AMUX-64T) to expand the number of analog
input signals that you can measure with the MIO and Al device. The AMUX-64T has
16 separate four-to-one analog multiplexer circuits. One AMUX-64T reads 64 single-ended
(32 differential) analog input signals. You can cascade four AMUX-64T devices to permit up
to 256 single-ended (128 differential) analog input signals to be read through one MIO or
Al device. Refer to Chapter Introduction to NI-DAQ of theNI-DAQ User Manual for PC
CompatiblesSee Chapter 1&AMUX-64T External Multiplexer Devicgis theDAQ
Hardware Overview Guidéor more information on using the AMUX-64T.

Al_Mux_Config configures the number of multiplexer devices connected to the MIO or
Al device. Input channels are then referenced in subsequent analog inputicaifead ,
Al_Setup , andDAQ_Start , for example) with respect to the external AMUX-64T analog
input channels, instead of the MIO and Al device onboard channel numbers. You need to
execute the call tal_Mux_Config only once in an application program.

For the MIO-64 devices, you also must ¢alD_Config if you plan to use AMUX-64T
channels. Refer to thelO_Config function for further details.
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@ Note Some of the digital lines of port 0 on the MIO or Al device with AMUX-64T devices
are reserved for AMUX device control. Any attempt to change the port or line direction or
the digital values of the reserved line causes an error. Table 2-2 shows the relationship
between the number of AMUX-64T devices assigned to the MIO or Al device and the
number of digital I/O lines reserved. You can use the remaining lines of port 0. On
non-E Series devices, the remaining lines are available for output only.

Table 2-2. Port 0 Digital I/0 Lines Reserved

Number of AMUX-64T Devices Port 0 Digital Lines
Assigned to an MIO or Al Device Reserved
0 none
1 lines0and 1
2 lines 0, 1, and 2
4 lines 0, 1, 2, and 3
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Al_Read

Format

status =

Al_Read (deviceNumber, chan, gain, reading)

Purpose

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

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog input channel number
gain i16 gain setting for the channel
Output
Name Type Description
reading 016 the integer result of the A/D conversion

Parameter Discussion

chanis the analog input channel number. If you are using SCXI, you must use the appropriate
analog input channel on the DAQ device that corresponds to the SCXI channel you want. To
select the SCXI channel, uSEXI_Single_Chan_Setup  before calling this function. Refer
to Chapter 125CXI Hardwarein theDAQ Hardware Overview Guidend theNI-DAQ User
Manual for PC Compatiblefor more information on SCXI channel assignments.
Range: See Table B-¥alid Analog Input Channel Settinga Appendix B,Analog

Input Channel, Gain Settings, and Voltage Calculation

gainis the gain setting you use for the specified channel. This gain setting applies only to the
DAQ device. If you are using SCXI, establish any gain you want on the SCXI module either
by setting jumpers on the module or by callB@XI_Set_Gain . Refer to Appendix B,

Analog Input Channel, Gain Settings, and Voltage Calculafmrvalid gain settings. If you

use an invalid gain, NI-DAQ returns an error. If you gallRead for the DAQCard-500/700

or 516 or LPM devices, NI-DAQ ignores the gain.
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reading is the integer in which NI-DAQ returns the 12-bit or 16-bit result of the
A/D conversion.

Range: 0 to 4,095 (12-bit devices, unipolar mode).
—2,048 to 2,047 (12-bit devices, bipolar mode).
0 to 65,535 (16-bit devices, unipolar mode).
—32,768 to 32,767 (16-bit devices, bipolar mode).

@ Note C Programmers—+eadingis a pass-by-address parameter.

Using This Function

Al_Read addresses the specified analog input channel, changes the input gain to the specified
gain setting, and initiates an A/D conversian.Read waits for the conversion to complete

and returns the result. If the conversion does not complete within a reasonable time, the call
to Al_Read is said to havéimed outand theimeOutError code is returned.
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Al_Read _Scan

Format
status =Al_Read_Scan (deviceNumber, reading)

Purpose

Returns readings for all analog input channels select&xCbi_Setup (E Series devices
only, with or without the SC-2040 accessory).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
Output
Name Type Description
reading [i16] readings from each sampled analog input channel

Parameter Discussion

reading is an array of readings from each sampled analog input channel. The length of the
reading array is equal to the number of channels selected ®QA8I_Setup numChans
parameter. Range of elementsaading depends on your device A/D converter resolution
and the unipolar/bipolar selection you made make for a given channel.

Using This Function

Al_Read_Scan samples the analog input channels selectestd®N_Setup, at half the
maximum rate permitted by your data acquisition hardware.

You must use th8CAN_Setup function prior to invoking this function.

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

Format
status =Al_Setup (deviceNumber, chan, gain)

Purpose
Selects an analog input channel and gain setting for externally pulsed conversion operations.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog input channel number
gain i16 gain setting to be used

Parameter Discussion

chanis the analog input channel number. If you are using SCXI, you must use the appropriate
analog input channel on the DAQ device that corresponds to the SCXI channel you want. To
select the SCXI channel, uSeXI_Single_Chan_Setup  before calling this function. Refer
to Chapter 125CXI Hardwarein theDAQ Hardware Overview Guidand theNI-DAQ User
Manual for PC Compatiblefor more information on SCXI channel assignments.
Range: See Table B-Yalid Analog Input Channel Settinga Appendix B,Analog

Input Channel, Gain Settings, and Voltage Calculation

gainis the gain setting to use for the specified chamya@h applies only to the DAQ device.

If you are using SCXI, establish any gain you want on the SCXI module by setting jumpers
on the module (if any) or by callirgCXI_Set_Gain . Refer to Appendix BAnalog Input
Channel, Gain Settings, and Voltage Calculatifam valid gain settings. If you use an invalid
gain, NI-DAQ returns an error. If you ca@ll_Setup for the 516 and LPM devices or
DAQCard-500/700, NI-DAQ ignores the gain.

@ Note This function cannot be used if you have an SC-2040 connected to your DAQ device.

Using This Function

Al_Setup addresses the specified analog input channel and changes the input gain to the
specified gain setting\l_Setup , in conjunction withAl_Check andAl_Clear , is used for
externally timed A/D conversions. If your application calisRead with channel and gain
parameters different from those used in theAassetup call, you must calhl_Setup

again forAl_Check to return data from the channel you want at the selected gain.
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Al_VRead

Format

status =Al_VRead (deviceNumber, chan, gain, voltage)

Purpose

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.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog input channel number
gain i16 gain setting to be used for the specified channel
Output
Name Type Description
voltage *f64 the measured voltage returned, scaled to units
of volts

Parameter Discussion

chanis the analog input channel number.
See Table B-Yalid Analog Input Channel Settinga Appendix B,Analog
Input Channel, Gain Settings, and Voltage Calculation

Range:

gainis the gain setting to be used for the specified channel. Refer to ApperktialBg

Input Channel, Gain Settings, and Voltage Calculatfonvalid gain settings. If you use an
invalid gain, NI-DAQ returns an error. If you call VRead for the 516 and LPM devices or
DAQCard-500/700, NI-DAQ ignores the gain.

voltageis the floating-point variable in which NI-DAQ returns the measured voltage, scaled

to units of volts.

@ Note C Programmers-voltageis a pass-by-address parameter.
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Using This Function
Al_VRead addresses the specified analog input channel, changes the input gain to the
specified gain setting, and initiates an A/D conversirnvVRead waits for the conversion to
complete and then scales and returns the result. If the conversion does not complete within a
reasonable time, the call 20_VRead is said to havéimed outand NI-DAQ returns the
timeOutError code.

When you use SCXI as a front end for analog input to an MIO or Al device, 1200 Series
device, LPM device, or DAQCard-700, it is not advisable to usalthéRead function

because that function does not take into account the gain of the SCXI module when scaling
the data. Use thel_Read function to get unscaled data, and then calbtbgl_Scale

function.

When you have an SC-2040 accessory connected to an E Series device, this function takes
both the onboard gains and the gains on SC-2040 into account while scaling the data. When
you have an SC-2043-SG accessory connected to your DAQ device, this function takes both
the onboard gains and the SC-2043-SG fixed gain of 10 into account while scaling the data.

When you have any SCC accessories connected to an E Series device, this function takes both
the onboard gains and the SCC gains into account while scaling the data.
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Al _VRead_Scan

Format
status =Al_VRead_Scan (deviceNumber, reading)

Purpose
Returns readings in volts for all analog input channels selects@GAN_Setup
(E Series devices only with or without the SC-2040 accessory).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
Output
Name Type Description
reading [f64] voltage readings from each sampled analog
input channel

Parameter Discussion
reading is an array of readings from each sampled analog input channel. The length of the
reading array is equal to the number of channels selected ®QA8I_Setup numChans
parameter. NI-DAQ uses values you have specifieCilN_Setup through thegains
parameter for computing voltages. If you have attached an SC-2040 or SC-2043-SG to your
DAQ device, NI-DAQ also uses values you have specifiegCire040_Config (through
thesc2040gairnparameter) oget DAQ_Device Info  (a fixed gain of 10) for computing
voltages.

If you have SCC modules connected, NI-DAQ also uses the SCC module gain for computing
voltages.

Using This Function
Al_VRead_Scan samples the analog input channels selecte®ldAN_Setup, at half
the maximum rate your DAQ hardware permits.You must use@iad_Setup function prior
to invoking this function.

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

Format
status =Al_VScale (deviceNumber, chan, gain, gainAdjust, offset, reading, voltage)

Purpose
Converts the binary result from an Read call to the actual input voltage.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 channel on which binary reading was taken
gain i16 gain setting used to take the reading
gainAdjust f64 multiplying factor to adjust gain
offset f64 binary offset present in reading
reading i16 result of the A/D conversion
Output
Name Type Description
voltage *f64 computed floating-point voltage

Parameter Discussion
chanis the onboard channel or AMUX channel on which NI-DAQ took the binary reading
usingAl_Read . For devices other than the E Series devices, this parameter is ignored because
the scaling calculation is the same for all of the channels. However, National Instruments
recommends you to pass the correct channel number.

gain is the gain setting that you used to take the analog input reading. If you used SCXI to
take the reading, this gain parameter should be the product of the gain on the SCXI module
channel and the gain that the DAQ device used. Refer to AppendixaBg Input Channel,

Gain Settings, and Voltage Calculatidior valid gain settings. Use of invalid gain settings
causes NI-DAQ to return an error unless you are using SCXI. If yoalcalscale for

the 516 and LPM devices or DAQCard-500/700, NI-DAQ ignores the gain unless you are
using SCXI.
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gainAdjust is the multiplying factor to adjust the gain. Refer to AppendiRiBlog Input
Channel, Gain Settings, and Voltage Calculatifor the procedure for determining
gainAdjust. If you do not want to do any gain adjustment—for example, use the ideal gain
as specified by thgain parameter—segainAdjust to 1.

offsetis the binary offset that needs to be subtracted frometiting. Refer to Appendix B,
Analog Input Channel, Gain Settings, and Voltage Calculafionthe procedure for
determiningoffset If you do not want to do any offset compensationpfsetto 0.

reading is the result of the A/D conversion returnedadyRead .

voltageis the variable in which NI-DAQ returns the input voltage converted feading.
@ Note C Programmers-voltageis a pass-by-address parameter.

Using This Function

Refer to Appendix BAnalog Input Channel, Gain Settings, and Voltage Calculafanthe
formulaAl_VScale uses to calculateoltage from reading.

If your device polarity and range settings differ from the default settings shown in the
Init_DA_Brds  function, be sure to calll_Configure  to inform the driver of the correct
polarity and range before using this function.
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Format
status =Align_DMA_Buffer

Purpose

(deviceNumber, resource, buffer, count, bufferSize, alignindex)

Aligns the data in a DMA buffer to avoid crossing a physical page boundary. This function is
for use with DMA waveform generation and digital I/O pattern generation (AT-DIO-32F

only).
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
resource i16 represents the DAC channel or the digital input
or output group
count u32 number of data samples
bufferSize u32 actual size obuffer
Input/Output
Name Type Description
buffer [i16] conversion samples returned
Output
Name Type Description
alignindex *u32 offset into the array of the first data sample

Parameter Discussion

resourcerepresents the DAC channel (for waveform generation) or the digital input or output
group (for pattern generation) for which NI-DAQ uses the buffer.

0:

DAC channel 0.

1 DAC channel 1.

2: DAC channels 0 and 1.

11: DIG group 1 (group size of 2).
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12: DIG group 2 (group size of 2).
13: DIG group 1 (group size of 4).

buffer is the integer array of samples NI-DAQ uses in the waveform or pattern generation.
The actual size duffer should be larger than the number of samples to make room for
possible alignment. If the actual size of the buffer is not big enough for alignment, the
function returns anemAlignmentError. For Windows applications running in real or
standard mode, laufferSize of 2*count guarantees that there is enough room for alignment.

countis the number of data samples contain€oliffier.
Range: 3 through32- 1.

bufferSizeis the actual size dfuffer.
Range: countthrough 22-1.

alignindex is the variable in which NI-DAQ returns the offset into the array of the first
data sample. If NI-DAQ did not have to align the buffer, NI-DAQ retaligmindex as 0,
indicating that the data is still located at the beginning of the buffer. If NI-DAQ aligned the
buffer to avoid a page boundaajignindex is a value other than 0, and the first data sample
is located abuffer[alignindex] (if your array is zero based). If you use digital input with an
aligned buffer, NI-DAQ stores the data in the buffer beginniradigiindex.

@ Note C Programmers-alignindex is a pass-by-address parameter.

Using This Function

UseAlign_DMA_Buffer  to avoid the negative effects of page boundaries in the data buffer
on AT bus machines for the following cases:

« DMA waveform generation at close to maximum speed.

< Digital /O pattern generation at close to maximum speed.
¢ Interleaved DMA waveform generation at any speed.

e 32-bit digital I/O pattern generation at any speed.

The possibility of a page boundary occurring in the data buffer increases with the size of the
buffer. When a page boundary occurs in the data buffer, NI-DAQ must reprogram the DMA
controller before NI-DAQ can transfer the next data sample. The extra time needed to do
the reprogramming increases the minimum update interval (thus decreasing the maximum
update rate).

A page boundary in an interleaved DMA waveform buffer or a buffer that is to be used for
32-bit digital pattern generation can cause unpredictable results, regardless of your operating
speed. To avoid this problem, you shoaldaysuseAlign_DMA_Buffer  with interleaved

DMA waveform generation (indicated bgsource= 2) and 32-bit digital pattern generation
(indicated byresource= 13). In these two casesign_DMA_Buffer  first attempts to align
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the buffer so that the data completely avoids a page boundauffdfSize is not big enough

for complete alignment, the function attempts to partially align the data to ensure that a
page boundary does not cause unpredictable results. Partial alignment is possible if
bufferSize= count + 1. If neither form of alignment is possible, the function returns an error.
If Align_DMA_Buffer  partially aligned the data, the function returmaemPageError
warning indicating that a page boundary is still in the data.

@ Note Physical DMA page boundaries do not exist on EISA bus computers. However,
page boundaries can be introduced on these computers as a side effect of Windows 386
Enhanced mode and the Windows NT virtual memory management system. This happens
when a buffer is locked into physical memory in preparation for a DAQ operation. If the
memory manager cannot find a contiguous space large enough, it fragments the buffer,
placing pieces of it here and there in physical memory. This type of page boundary only
affects the performance on an AT bus computer. NI-DAQ uses the DMA chaining feature
available on EISA computers to chain across page boundaries, thus avoiding the delay
involved in DMA programming.

Call Align_DMA_Buffer  afteryour application has loaddxiffer with the data samples

(for waveform generation or digital output) alpeforecalling WFM_OpWFM_Load

DIG_Block_In , orDIG_Block_Out . You should pass the aligned buffer to the waveform
generation and pattern generation functions#meway you would an unaligned buffer. The
count parameter in the waveform generation or pattern generation function call should be the
same as theount parameter passed Atign_ DMA_Buffer , notbufferSize.

If you want to access the datalinffer after callingAlign_DMA_Buffer , access the data
starting atouffer[alignindex] (if your array is zero based).

After using an aligned buffer for waveform generation or pattern generation, NI-DAQ
unalignsthe data. After the buffer has been unaligned, the first data sample is at offset zero
of the buffer again. If you want to use the buffer for waveform generation or pattern generation
again after it has been unaligned, you must make another aigitobMA_Buffer ~ before

calling WFM_OpWFM_Load DIG_Block_In , orDIG_Block_Out .

SeeWaveform Generation Application HirdadDigital I/O Application Hintsin Chapter 3,
Software Overvieyof theNI-DAQ User Manual for PC Compatiblésr more information
on the use ollign_DMA_Buffer . See Chapter HMA and Programmed 1/O Performance
Limitations of theNI-DAQ User Manual for PC Compatiblésr a discussion of DMA page
boundaries and special run-time considerations.
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AQ _Calibrate

Format
status =AO_Calibrate  (deviceNumber, operation, EEPROMIoc)

Purpose

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 1. You can load an existing set of
calibration constants into the calibration DACs from a storage area in the onboard EEPROM.
You 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 in EEPROM area 1 the first time a function pertaining to the AT-AO-6/10 is called.
The 6704 devices automatically load the calibration constants stored in EEPROM area 1 on
power-up.

@ Note Use the calibration utility provided with the AT-AO-6/10 to perform a calibration
procedure. Refer to the calibration chapter inAmeAO-6/10 User Manudbr more
information regarding the calibration procedure.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
operation i16 operation to be performed
EEPROMIoc i16 storage location in the onboard EEPROM

Parameter Discussion

operation determines the operation to be performed.
1: Load calibration constants froBEPROMIoc.
2: Copy calibration constants froBEEPROMIoc to EEPROM user calibration
area 1.

EEPROMIoc selects the storage location in the onboard EEPROM to be used. You can use
different sets of calibration constants to compensate for configuration or environmental
changes.

1 User calibration area 1.

2 User calibration area 2.

3: User calibration area 3.
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4: User calibration area 4.
5: Factory calibration area.

@ Note Locations 2 through 4 are not available for the 6704 family.

Using This Function
When NI-DAQ initializes the AT-AO-6/10, the DAC calibration constants stored in
EEPROMIloc 1 (user calibration area 1) provide the gain and offset values used to ensure
proper device operation. In other worttét, DA Brds  performs the equivalent of calling
AO_Calibrate  with operation set to 1 arfEEPROMIoc set to 1. When the AT-AO-6/10
leaves the factorEEPROMIoc 1 contains a copy of the calibration constants stored in
EEPROMloc 5, the factory area.

A calibration procedure performed in bipolar mode is not valid for unipolar and vice versa.
See the calibration chapter of th&-AO-6/10 User Manudbr more information regarding
calibrating the device.

The 6704 devices automatically load the calibration constants stade&PIROMIocl at
power-upEEPROMIoc 5 contains the factory calibration values. When a 6704 device leaves
the factoryEEPROMIoc 1 contains a copy of the factory calibration constants stored in
EEPROMlIloc 5. To save a new set of calibration constants to the EEPROM, call
AQ_Calibrate  with operation set to 2. See the calibration section of /P XI-6704

User Manualfor more information regarding calibrating this device.
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AO0_Change_Parameter

Format
status =AO_Change_Parameter (deviceNumber, channel, paramID, paramValue)

Purpose
Selects a specific parameter setting for the analog output section of the device or an analog
output channel. You can select parameters related to analog output not listed here through the
AQO_Configure function.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility

channel i16 number of channel you want to configure; you dan
use —1 to indicate all channels

paramID u32 identification of the parameter you want to change

paramValue u32 new value for the parameter specified by
paramID

Parameter Discussion

Legal ranges foparamID andparamValue are given in terms of constants defined in a
header file. The header file you should use depends on the language you are using:

e C programmers-NIDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)

¢ BASIC programmers-NIDAQCNS.INC (Visual Basic for Windows programmers should
refer to theProgramming Language ConsideratioimsChapter 1Jsing the NI-DAQ
Functions for more information.)

« Pascal programmershDAQCNS.PAS

Legal values fochanneldepend on the type of device you are using; analog output channels
are labeled 0 through-1, wheren is the number of analog output channels on your device.
You can sethannelto —1 to indicate that you want the same parameter selection for all
channels. You must sehannelto —1 to change a parameter you cannot change on per
channel basis.
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Legal values foparamValue depend omparamID. The following paragraphs list features
you can configure along with legal valuesparamID with explanations and corresponding
legal values foparamValue.

Reglitching

Every time you change the state of your DAC, a very small glitch is generated in the signal
generated by the DAC. When reglitching is turned off, glitch size depends on the binary
patterns that are written into the DAC; the glitch is largest when the most significant bit in the
pattern changes (when the waveform crosses the midrange of the DAC); it is smaller in other
cases. When reglitching is turned on, the glitch size is much less dependent on the bit pattern.

To change the reglitching parameter,g@tamID toND_REGLITCH

If you are not concerned about this, you are likely to be satisfied by the default values NI-DAQ
selects for you if you do not call this function. The following table lists devices on which you
can change this parameter.

Table 2-3. Reglitching Parameters for Permissible Devices

Per Channel
Selection Possible

Legal Range for
paramValue

Default Setting for

Device Type paramValue

AT-MIO-16E-1
AT-MIO-16E-2
AT-MIO-64E-3
NEC-MIO-16E-4
PCI-MIO-16E-1
VXI-MIO-64E-1
VXI-MIO-64XE-10
671X devices

Yes

ND_OFFand
ND_ON

ND_OFF

Voltage or Current Qutput

Some devices require separate calibration constants for voltage and current outputs. Setting
the output type to voltage or current for these devices causes the driver to use the correct
calibration constants and to interpret the input data correcl@ivWrite . To change the

output type, segparamID to ND_OUTPUT_TYPE

Table 2-4. Voltage or Current Output Parameters

Per Channel Legal Range for Default Setting for
Device Type Selection Possible paramValue paramValue
PC-AO-2DC ND_CURRENT_OUTPUT ND_VOLTAGE_OUTPUT
DAQCard-AO-2DC and
VXI-AO-48XDC ND_VOLTAGE_OUTPUT]
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For the VXI-AO-48XDC device, thparamID of ND_OUTPUT_TYPI5 used in conjunction

with the channel value to select the analog output channel to be affected. To select a voltage
channel, set thparamValue to ND_VOLTAGETO select a current channel, set the

paramValue to ND_CURRENT

FIFO Transfer Condition

You can specify the condition that causes more data to be transferred from the waveform
buffer into the analog output FIFO. NI-DAQ selects a default setting for you, in order to
achieve maximum performance. However, by changing this setting, you can force the FIFO
to remain as full as possible, or effectively disable, or reduce the size of the FIFO.

For example, to reduce the FIF&Yy effect(the amount of time it takes data to come out of

the FIFO after being transferred into the FIFO), you can change the FIFO transfer condition
to FIFO empty. Notice that reducing the effective FIFO size can also reduce the maximum
sustainable update rate.

To change the FIFO transfer condition, gatamID to ND_DATA_TRANSFER_CONDITION
and separamValue to one of the values shown in Table 2-5.

Table 2-5. Parameter Values for FIFO Transfer Conditions

Transfer Condition NI-DAQ Constant
FIFO not full ND_FIFO_NOT_FULL
FIFO half-full or less ND_FIFO_HALF_FULL_OR_LESS
FIFO empty ND_FIFO_EMPTY
FIFO half-full or less until full | ND_FIFO_HALF_FULL_OR_LESS_UNTIL_FULL
(DMA only)

Setchannelto one of the channel numbers in your waveform group. For example, if you have
configured group 1 to contain channels 0 and 1, you carhaenelto O or 1.

Note The option to set the channel to one of the channel numbers in your waveform group
is valid only for PCI/PXI/1394 E Series and &7devices.

When using PCI/PXI/1394 E Series or &/devices with DMA (default data transfer
condition), the device has an effective FIFO size 32 samples larger than the FIFO size
specified for the board. This is due to a 32-sample FIFO on the miniMITE, the onboard DMA
controller used for DMA transfers.
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FIFO Transfer Count

The FIFO transfer count specifies the number of samples to be transferred from the waveform
buffer into the analog output FIFO when FIFO requests are generated. This option is for use
in conjunction with the FIFO transfer condition, as described in the previous section.

AO_Change_Parameter should be called once to set the FIFO transfer condition, and can
optionally be called again to specify the FIFO transfer count. If you do not specify the FIFO
transfer count, NI-DAQ chooses an appropriate value for you.

The value of FIFO transfer count is used during interrupt-driven waveform generation but is
ignored during DMA-driven waveform generation. When you use DMA, DMA requests are
generated as long as the transfer condition is true.

Table 2-6 contains the default values that are used if you do not specify FIFO transfer count,
in addition to the valid values that you can set.

Table 2-6. Default Values for FIFO Transfer Condition

Transfer Condition Default Transfer Count Valid Input Values
FIFO not full 1 1
FIFO half-full or less half-FIFO size 1—half-FIFO size
FIFO empty 1 1—FIFO size
FIFO half-full or less until | FIFO transfer count cannot b| N/A
full (DMA only) specified for this transfer
condition

For example, if you choose théFO empty transfer condition and set the transfer count

to 10, each time the board is interrupted with a FIFO empty interrupt, NI-DAQ

transfers 10 samples from the user buffer into the analog output FIFO. Although this does not
improve the maximum sustainable update rate, it reduces the number of interrupts, and
reduces the FIFO lag effect to a maximum of 10 samples.

If you choose th&IFO half full or less transfer condition and set the transfer count to 100

on a board with a 2,048-sample FIFO, the FIFO fills with a maximum of 1,124 samples

(half the FIFO plus 100 samples). Each time the number of samples in the FIFO falls to less
than 1,024, another interrupt is generated, at which time 100 samples are transferred from the
waveform buffer to the FIFO.

To change the FIFO transfer count, g@&tamID toND_FIFO_TRANSFER_COUNiNd use
paramValue to pass in a 32-bit integer.

Setchannelto one of the channel numbers in your waveform group. For example, if you have
configured group 1 to contain channels 0 and 1, you carhaahelto O or 1.
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@ Note The option to set thehannelto one of the channel numbers in your waveform group
is valid only for PCI/PXI1/1394 E Series and 671X devices.

Ground DAC Reference

You can ground the reference that the analog output channels use, which causes the output
voltage to remain at 0 V, regardless of the value you write to the channel.

To change the grounding of the DAC ReferencepaeamID to
ND_GROUND_DAC_REFERENa# separamValue to eithemND_YES orND_NOThe effect

is immediate. Also, grounding the DAC reference on one channel has the effect of grounding
it for both channels, so you can specify either 0 or 1 for channel number.

@ Note The option to set thehannelto one of the channel numbers in your waveform group
is valid only for PCI/PXI1/1394 E Series and 671X devices.

Output Enable

On some of the devices, you can disable the output even when the waveform generation is in
progress. You can use this feature to bring the output to a known level at any time.

To change the output enable setting,pegamID to ND_OUTPUT_ENABLE

Table 2-7. Parameter Setting Information for Output Enable

Per Channel Legal Range Default Setting
Device Type Selection Possible for paramValue for paramValue
4451, 4453, and 4551 Yes ND_YESand ND_NO
devices ND_NO

Output Attenuation

Some devices have attenuators after the final amplifier stage. By attenuating the output signal,
you do not lose any dynamic range of the signal; that is, you do not lose any bits from the
digital representation of the signal, because the attenuation is done after the DAC and not
before it.

Attenuation (in mdB) = —[20 log (V4/V;)]*1000

V, = The voltage level that you want for the output signal.
V; = The input voltage level.

The 4451 and 4551 devices have three levels of attenuation providing voltage ranges of
-10to+10V,-1to +1V, and —100 to +100 mV.
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To change the output attenuation settingpaeamID to ND_ATTENUATIONYou can change
the attenuation at any time.

@ Note The values are set up in millidecibels.

Table 2-8. Parameter Setting Information for Output Attenuation

Per Channel Legal Range Default Setting
Device Type Selection Possible | for paramValue for paramValue
4451, 4453, and 4551 device Yes 0, 20,000, 40,000 0

End of Buffer Interrupts

On PCI/PXI1/1394 E Series and 6¥hoards that use the PCI-MITE for DMA transfers,
NI-DAQ causes the PCI-MITE to generate an interrupt after a full buffer has been transferred
from host memory to the DAQ device. With one-shot operations, where the buffer is only
output once, or even during continuous operations where the buffer is very large, these
interrupts place very little burden on the system. However, when outputting a large number of
iterations with small buffers or at high speeds, these interrupts can affect overall system
performance.

These interrupts are generated so that NI-DAQ will read the state of the DMA controller and
track the number of iterations and the number of points transferred since the beginning of the
operation. The PCI-MITE has a 32-bit counter that counts bytes transferred. The only
drawback in turning off these interrupts is that NI-DAQ might not have a chance to detect an
overflow of the counter. For example, when generating a waveform on one channel at

1 Msamples/s, the counter will overflow in 36 minutes. If you disable end-of-buffer interrupts
and do not query NI-DAQ for status information before the counter overflows, NI-DAQ will
not be able to take the overflow into account, and the status information returned could be
incorrect.

To enable/disable end-of-buffer interrupts, g@tamiD to
ND_LINK_COMPLETE_INTERRUPT&Nd separamValue to eitherND_ONor ND_OFFE You

may specify any channel in the waveform group, and the setting will apply to all channels in
the group.

@ Note This option is valid only for PCI/CPCI/PXI/1394 E Series and 671X devices.
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Memory Transfer Width

When doing waveform generation on PCI/PX1/1394 E Series boards that use the PCI-MITE
for DMA transfers, NI-DAQ transfers data from host memory to the DAQ device 16 bits at a
time. This allows for the finest level of control and is necessary to properly support features
like oldDataStop andpartialTransferStop (see the NI-DAQ functiowVFM_DB_Config).

It is also possible to transfer data from host memory to the DAQ device 32 bits at a time,
which requires fewer PCI bus cycles so that the DAQ device functions more effectively with
the PCI bus. The only drawback is that when usid@ataStop andpartialTransferStop,

the waveform may stop one sample earlier than you would otherwise expect.

To set the memory transfer width, petramID to ND_MEMORY_TRANSFER_WIDaid set
paramValue to either 16 or 32. You may specify any channel in the waveform group, and the
setting will apply to all channels in the group.

@ Note This option is valid only for PCI/CPCI/PXI/1394 E Series devices. FyXaind
671X devices, only even-sized buffers are allowed, and the memory transfer width is
always 32 bits.
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AO_Configure

Format

status =AO_Configure (deviceNumber, chan, outputPolarity, intOrExtRef, refVoltage,
updateMode)

Purpose

Informs NI-DAQ of the output range and polarity selected for each analog output channel on
the device and indicates the update mode of the DACs. If you have recorded an analog output
configuration that is not a default through Measurement & Automation Explorer, you do not
need to usAO_Configure because NI-DAQ uses the settings recorded by Measurement &
Automation Explorer. If you have a software-configurable device, you can use

AO_Configure to change the analog output configuration on the fly.

A Caution For the AT-AO-6/10, NI-DAQ records the configuration information for output
polarity and update mode in channel pairs. A call@ Configure records the same
output polarity and update mode selections for both channels in a pair.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility
chan i16 analog output channel number
outputPolarity i16 unipolar or bipolar

intOrExtRef i16 reference source

refVoltage f64 voltage reference value
updateMode i16 when to update the DACs

Parameter Discussion

chanis the analog output channel number.

Range: 0 or 1 for the AO-2DC, Lab and 1200 Series analog output devices, and
MIO devices.
0 through 5 for the AT-AO-6.
0 through 9 for the AT-AO-10.
0 through 47 for the VXI-AO-48XDC.
0 through 15 for the 6704 device voltage channels.
16 through 31 for the 6704 current channels.
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0 through 3 for the PCI-6711.
0 through 7 for the PCI-6713.

outputPolarity indicates whether the analog output channel is configured for unipolar or
bipolar operation.

For the AT-AO-6/10 and MIO devices (except the MIO-16XE-50 devices):
0: Bipolar operation (default setting, output range is froefifoltage to
+refVoltage).
1 Unipolar operation (output range is from 0 tefYoltage).

For the Lab and 1200 Series analog output devices:
0: Bipolar operation (default setting, output range is from -5 to +5 V).
1 Unipolar operation (output range is from 0 to +10 V).

For the 67X and MIO-16XE-50 devices:
0: Bipolar operation (output range is from —10 to +10 V).

For the AO-2DC devices:
0: Bipolar operation (output range is from =5 to +5 V).
1 Unipolar operation (default setting, output range is from 0 to +10 V
or 0to 20 mA).

For the 6704 devices and the VXI-AO-48XDC:
0: Bipolar operation (voltage only; output range is from —10.24 to +10.24 V).
1 Unipolar operation (current only; output range is from 0 to 20.47 mA).

intOrExtRef indicates the source of voltage reference.
0: Internal reference.
1 External reference.

The AT-AO-6/10, 12-bit MIO, and 6052E devices support external analog output voltage
references. The other 16-bit E Series andXddvices do not support external references.

For the 6704 devices, only internal reference is supported.

refVoltage is the analog output channel voltage reference value. You can configure each
channel to use an internal reference of +10 V (the default) or an external reference. Although
each pair of channels is served by a single external reference connection, the configuration of
the external reference operates on a per channel basis. Therefore, it is possible to have one
channel in a pair internally referenced and the other channel in the same pair externally
referenced.

Range: —-10to +10 V.
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If you make a reference voltage connection, you must assfigoltage the value of the

external reference voltage in a callt0_Configure for theAO_Vwrite andAO_VScale

functions to operate properly. For devices that have no external reference pin, the output range
is determined byputputPolarity, and NI-DAQ ignores this parameter.

updateMode indicates whether an analog output channel is updated when written to:
0: Updated when written to (default setting).
1 Not updated when written to, but updated later after a calbtdpdate
(later internal update mode).
2: Not updated when written to, but updated later upon application of an active low
pulse. You should apply this pulse to the following:

e EXTUPDATE pin for the AT-AO-6/10 and Lab and 1200 Series analog
output devices (later external update mode).

» PFI5 pin for the E Series and e¥tlevices. To alter the pin and polarity
selections you make with this function, for an E Series oX6¥dvice,
you can callSelect_Signal  with signal= ND_OUT_UPDATE&(fter you
call AO_Configure

@ Note This mode is not valid for the VXI-AO-48XDC or the 6704 devices.

Using This Function
AO_Configure stores information about the analog output channel on the specified device
in the configuration table for the analog channel. For the AT-AO-6/1@utpaitPolarity
andupdateModeinformation is stored for channel pairs. For example, analog output
channels 0 and 1 are grouped in a channel pair, and a aall @onfigure for channel 0
records theutputPolarity andupdateMode for both channels 0 and 1. Likewise, a call to
AO_Configure for channel 1 records tlmutputPolarity andupdateMode for both
channels 0 and 1. The AT-AO-6/10 channel pairs are as follows:

AT-AO-6/10 channel pairs:
 Channels 0 and 1.

e Channels 2 and 3.

e Channels 4 and 5.

¢ Channels 6 and 7 (AT-AO-10 only).
e Channels 8 and 9 (AT-AO-10 only).
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AO_Configure stores information about the analog output channel on the specified board in
the configuration table for the analog channel. The analog output channel configuration table
defaults tables default to the following:

« MIO device, 67X device, and AT-AO-6/10:

outputPolarity = 0: Bipolar.
refVoltage = 10 V.
updateMode = 0: Update when written to.

e Lab and 1200 Series analog output devices:

outputPolarity = 0: Bipolar (-5 to +5 V).
updateMode = 0: Updated when written to.

e 6704 device voltage channels and the VXI-AO-48XDC:

outputPolarity = 0: Bipolar (—10.24 to +10.24 V).
updateMode = 0: Updated when written to.

* 6704 device current channels:

outputPolarity = 1: Unipolar (0 to 20.47 mA).
updateMode = 0: Updated when written to.

If you configure an output channel for later internal update mapldageMode = 1), you
can configure no other output channels for later external update ouditéMode = 2).
Likewise, if you configure an output channel for later external update mode, you can
configure no other output channels for later internal update mode.

If the physical configuration (the jumpered settings) of the analog output channels on your
device differs from the default setting, you must g&ll Configure with the true
configuration information for the remaining analog output functions to operate properly.

Note The AT-AO-6/10 allows you to physically configure each analog output channel
(the jumper setting) for bipolar or unipolar operation. To ensure proper operation,
configure both channels in a channel pair the same way.

On the E Series devices (except MIO-16XE-50 devices), the calibration constants used for
analog output change depending on the polarity of the analog output channels. NI-DAQ
always ensures that the calibration constants in use match the current polarity of the channels.

The actual loading of calibration constants takes place when you éalamwFMunction.
See theCalibrate_E_Series function description for information about calibration
constant loading on the E Series devices.
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AO0_Update

Format
status =AO_Update (deviceNumber)

Purpose

Updates analog output channels on the specified device to new voltage values when the later
internal update mode is enabled by a previous calbtaConfigure

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility

Using This Function

AO_Update issues an update pulse to all analog output channels on the specified device.
All analog output channel voltages then simultaneously change to the last value written.
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AQ _VScale

Format
status =AO_VScale (deviceNumber, chan, voltage, binVal)

Purpose

Scales a voltage to a binary value that, when written to one of the analog output channels,
produces the specified voltage.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog output channel number
voltage f64 voltage, in volts, to be converted to a binary value
Output
Name Type Description
binval *16 converted binary value returned

Parameter Discussion

chanis the analog output channel number.

Range: 0 or 1 for the Lab and 1200 Series analog output devices, and MIO devices.
0 through 5 for AT-AO-6.
0 through 10 for AT-AO-10.
0 through 47 for the VXI-AO-48XDC.
0 through 15 for the 6704 device voltage channels.
16 through 31 for the 6704 device current channels.
0 through 3 for the PCI-6711.
0 through 7 for the PCI-6713.

@ Note C Programmers-binVal is a pass-by-address parameter.
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Using This Function
Using the following formulaAO_VScale calculates the binary value to be written to the
specified analog output channel to generate an output voltage correspongtiggde.

binval = (voltage/refVoltage)* maxBinVal

where values afefVoltage and maxBinVal are appropriate for your device and current
configuration.

Notice thatrefVoltage is the value you specify ikO_Configure . Because you can
independently configure the analog output channels for range and polarity, NI-DAQ can
translate the same voltage to different values for each channel.

For the 6704 devices, a different formula is used depending on the type of channel to which
chanrefers. For a voltage channebltageindicates the voltage in volts, for a current
channelyoltage indicates the current in milliamps.

* \oltage ChannebinVal = ((voltage+ 10.24)/20.48) * 65536
e Current ChannebinVal = ((voltage + 0.01)/20.48) * 65536

@ Note Some inaccuracy results in thieval parameter when you use this function on the
VXI-AO-48XDC, because this device works with a larger analog output resolution than
can be represented by the 16-bit binary output valuadol Scale . The binary output
value is designated as the most significant 16 bits of the scaling operation to minimize this
inaccuracy. Use theO_Vwrite function to prevent this kind of inaccuracy.
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AO_VWrite

Format

status =AO_VWrite (deviceNumber, chan, voltage)

Purpose

Accepts a floating-point voltage value, scales it to the proper binary number, and writes that
number to an analog output or current channel to change the output voltage or current.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog output channel number
voltage f64 floating-point value to be scaled and written

Parameter Discussion
chanis the analog output channel number.

Range:

0 or 1 for the AO-2DC, Lab and 1200 Series analog output, and MIO devices.
0 through 5 for AT-AO-6.
0 through 9 for AT-AO-10.
0 through 49 for the VXI-AO-48XDC.
0 through 15 for the 6704 voltage channels.
16 through 31 for the 6704 current channels.
0 through 3 for the PCI-6711.
0 through 7 for the PCI-6713.

voltageis the floating-point value to be scaled and written to the analog output channel. The
range of voltages depends on the type of device, on the jumpered output polarity, and on
whether you apply an external voltage reference.

« Default ranges (bipolar, internal voltage reference):

MIO device (10 to +10 V)

671X device (—10 to +10 V)

AT-AO-6/10 (—10 to +10 V)

Lab and 1200 Series analog output devices (-5 to +5 V)
VXI-AO-48XDC (-10.24 to +10.24 V)

< Default ranges (unipolar, internal voltage reference):

AO-2DC device (0 to +10 V)
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If you set the output type to current by callie@_Change_Parameter , the floating-point
value indicates the current in amps, for an AO-2DC device, or milliamps for the
VXI-AO-48XDC.

» Default ranges (unipolar, internal voltage reference):
AO-2DC device (0to 0.02 A)
VXI-AO-48XDC (0 to 20.47 mA)

« Default range for the 6704 devices:
Voltage channels (-10.24 to +10.24 V)
Current channels (0 to 20.47 mA))

Using This Function
AO_VWrite scales/oltageto a binary value and then writes that value to the DAC in the
analog output channel. If the analog output channel is configured for immediate update, the
output voltage or current changes immediately. Otherwise, the output voltage or current
changes on a call ®O_Update or the application of an external pulse.

If you have changed the output polarity for the analog output channel from the factory setting
of bipolar to unipolar, you must callD_Configure with this information fo”AO_VWrite to
correctly scale the floating-point value to the binary value.

You also can use this function to calibrate the VXI-AO-48XDC. On this device, writes to
channel number 48 affect the voltage or current offset calibration, depending on the output
type of this channel as set by th@_Change_Parameter function. In addition, writes to
channel number 49 affect the voltage or current gain calibration, which also depends on the
output type of the channel as set by Alae Change_Parameter function.
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AO_Write

Format
status =AO_Write (deviceNumber, chan, value)

Purpose

Writes a binary value to one of the analog output channels, changing the voltage or current
produced at the channel.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog output channel number
value i16 digital value to be written

Parameter Discussion

chanis the analog output channel number.
Range: 0 or 1 for Lab and 1200 Series analog output and MIO devices.
0 through 5 for AT-AO-6.
0 through 9 for AT-AO-10.
0 through 47 for the VXI-AO-48XDC.
0 through 15 for the 6704 device voltage channels.
16 through 31 for the 6704 device current channels.
0 through 3 for the PCI-6711.
0 through 7 for the PCI-6713.

valueis the digital value to be written to the analog output chamakle has several ranges,
depending on whether the analog output channel is configured for unipolar or bipolar
operations and on the analog output resolution of the device as shown in the following table.

Device Bipolar Unipolar
Most devices —2,048 to +2,047 0 to +4,095
16-bit E Series devices -32,768 to +32,767 0 to +65,535
6704 devices 0 to +65,535 0 to +65,535
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Using This Function

AO_Write writesvalueto the DAC in the analog output channel. If you configure the analog
output channel for immediate update, which is the default setting, the output voltage or
current changes immediately. Otherwise, the output voltage or current changes on a call to
AO_Update or the application of an external pulse.

@ Note Some inaccuracy results when you 6e Write on the VXI-AO-48XDC, because
this device works with a larger analog output resolution than can be represented by the
16-bit value parameteralue represents the most significant 16 bits of the DAC to
minimize this inaccuracy. Use th&@_VWrite function to prevent this type of inaccuracy.
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Calibrate_1200

Format

status =Calibrate_1200  (deviceNumber, calOP, saveNewCal, EEPROMIoc, calRefChan,
grndRefChan, DACOchan, DAC1chan, calRef\olts, gain)

Purpose
Obtains a new, user-defined set of calibration constants.

@ Note Calling this function on an SCXI-1200 with remote SCXI might take an extremely
long time. National Instruments strongly recommends that you switch your SCXI-1200 to
use a parallel port connection before performing the calibration and store the calibration
constants in one of the EEPROM storage locations.

A Caution Read the calibration chapter in your device user manual before using
Calibrate_1200

Parameters
Input

Name Type Description
deviceNumber i16 assigned by configuration utility
calOP i16 operation to be performed
saveNewCal i16 save new calibration constants
EEPROMlIloc i16 storage location on EEPROM
calRefChan i16 Al channel connected to the calibration voltagg
grndRefChan i16 Al channel that is grounded
DACOchan i16 Al channel connected to DACO
DAC1chan i16 Al channel connected to DAC1
calRefVolts f64 DC calibration voltage
gain f64 gain at which ADC is operating
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Parameter Discussion
calOP determines the operation to be performed.

1 Load calibration constants froBEEPROMIoc. If EEPROMIoc is 0, the default
load table is used and NI-DAQ ensures that the constants loaded are appropriate
for the current polarity settings. BEPROMIoc is any other value you must
ensure that the polarity of your device matches those of the calibration constants.
2: Calibrate the ADC using DC reference voltagéRefVolts connected to
calRefChan To calibrate the ADC, you must ground one input channel
(grndRefChan) and connect a voltage reference between any other channel and
AGND (pin 11). After calibration, the calibration constants that were obtained
during the process remain in use by the ADC until the device is initialized again.
@ Note The ADC must be in referenced single-ended mode for successful calibration of the
ADC.
3: Calibrate the DACDACOchan andDAC1chan are the analog input channels

to which DACO and DACL are connected, respectively. To calibrate the DACs,
you must wrap-back the DACO out (pin 10) and DAC1 out (pin 12) to any two
analog input channels. After calibration, the calibration constants that were
obtained during the process remain in use by the DACs until the device is
initialized again.

@ Note The ADC must be in referenced single-ended and bipolar mode and fully calibrated
(usingcalOP = 2) for successful calibration of the DACs.

4.
5.

Reserved.

Edit the default load table so that the set of constants in the area identified by
EEPROMIoc (1-6, 9 or 10) become the default calibration constants for the
ADC. NI-DAQ changes either the unipolar or bipolar pointer in the default load
table depending on the polarity those constants are intended for. The factory
default for the ADC unipolar pointer EEPROMIoc = 9. The factory default for
the ADC bipolar pointer iEEPROMIoc = 10. You can specify any user area in
EEPROMIoc after you have run a calibration on the ADC and saved the
calibration constants to that user area. Or, you can sggeffROMIoc = 9 or 10

to reset the default load table to the factory calibration for unipolar and bipolar
mode respectively.

Edit the default load table so that the set of constants in the area identified by
EEPROMIoc (1-6, 9 or 10) become the default calibration constants for the
DACs. NI-DAQ'’s behavior focalOP = 6 is identical to that foralOP = 5.

Just substitute DAC everywhere you see ADC.
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The following table summarizes the possible values of other parameters depending on the
value ofcalOP.

Table 2-9. Possible Calibrate_1200 Parameter Values

gl g £ g g g
o = S 6 O = c o -
o ] o O = S c < =
= zZ 5] o — [} [
@ T a4 & o O 13 o >
° & {0 = B g S T
8 Lu 8 £ a a S
1 ignored 0-10 ignored ignored ignored ignored ignored ignored
2 Oorl 1-6 Al chan Al chan ignored ignored the voltage | 1, 2,5, 10,
connected | connected of the 50, or 100
to voltage | to ground voltage
source (0-7) source
(0-7)
3 Oorl 1-6 ignored ignored Al chan Al chan ignored 1,2,5,10,
connectedto| connected to 50, or 100
DACOOut DAC10ut
(0-7) (0-7)
5 ignored 1-6, ignored ignored ignored ignored ignored ignored
9-1
6 ignored 1-6, ignored ignored ignored ignored ignored ignored
9-1

saveNewCalis valid only whercalOP is 2 or 3.

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

1: Save new calibration constants§RPROMIloc (1-6).

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

Use the default load table (valid onlycdlOP = 1).

User calibration area 1.

User calibration area 2.

User calibration area 3.

User calibration area 4.

User calibration area 5.

User calibration area 6.

Invalid.

Invalid.

N RWNREO
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9: Factory calibration area for unipolar (write protected).
10: Factory calibration area for bipolar (write protected).

Notice that the user cannot write irdE@PROMIoc 9 and 10.

calRefChanis the analog input channel connected to the calibration voltaggRéf\Volts
whencalOP is 2.
Range: 0 through 7.

grndRefChan is the analog input channel connected to ground wh&DP is 2.
Range: 0 through 7.

DACOchanis the analog input channel connected to DACO wizd®P is 3.
Range: 0 through 7.

DAC1chanis the analog input channel connected to DAC1 wiad®P is 3.
Range: 0 through 7.

calRefVoltsis the value of the DC calibration voltage connectezhtBRefChanwhen
calOP= 2.

@ Note If you are calibrating at a gain other than 1, make sure you apply a voltage so that
calRef\Volts * gain is within the upper limits of the analog input range of the device.

gain is the device gain setting at which you want to calibrate whEDP is 2 or 3. When

you perform an analog input operation, a calibration constant for that gain must be available.
When you run th€alibrate_1200  function at a particular gain, the device can be used only

to collect data accurately at that gdfryou are creating a set of calibration constants that you
intend to use, you must be sure to calibrate at all gains at which you intend to sample.
Range: 1, 2, 5, 10, 50, or 100.

Using This Function

The 1200 and 1200AI devices come fully equipped with accurate factory calibration
constants. However, if you feel that the device is not performing either analog input or output
accurately and suspect the device calibration to be in error, you caalibsste_1200  to

obtain a user-defined set of new calibration constants.

A complete set of calibration constants consists of ADC constants for all gains at one polarity
plus DAC constants for both DACs, again at the same polarity setting. It is important to
understand the polarity rules. When a set of calibration constants is created, the polarity your
device was in must match the polarity your device is in when those calibration constants are
used. For example, calibration constants created when your ADC is in unipolar must be used
for data acquisition when your ADC is also in unipolar only.
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You can store up to six sets of user-defined calibration constants. These are stored in the
EEPROM on your device inser-calibration areasRefer to your hardware user manual for

more information on these calibration areas. You also can use the calibration constants created
at the factory at any time. These are stored in write protected factory calibration areas in the
EEPROM. There are two of these. One holds constants for bipolar operation and the other for
unipolar. One additional area in the EEPROM, the default load table, is important to
calibration. This table contains four pointers to sets of calibration constants; one pointer each
for ADC unipolar constants, ADC bipolar constants, DAC unipolar and DAC bipolar.

NI-DAQ uses this table for calibration constant loading.

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

A calibration performed in bipolar mode is not valid for unipolar and vice versa.
Calibrate_1200  performs a bipolar or unipolar calibration, or loads the bipolar or unipolar
constantsdalOP=1, EEPROMlIoc=0), depending on the value of the polarity parameter in
the last call tA\l_Configure  andAO_Configure . If analog input measurements are taken
with the wrong set of calibration constants loaded, you might produce erroneous data.

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

To set up your own calibration constants in the user area for both unipolar and bipolar
configurations, you need to complete the following steps:

1. Create and store both unipolar and bipolar ADC calibration constants.

2. Modify the default load table so that NI-DAQ automatically loads your constants instead
of the factory constants.

Example

Unipolar calibration —Change the polarity of your device to unipolar (by using the
Al_Configure  call or use Measurement & Automation Explorer, in Windows). Call
Calibrate_1200  to perform an ADC calibration, as in the following example:

status = Calibrate_1200 (deviceNumber, 2, 1, EEPROMIoc, calRefChan,
grndRefChan, 0, 0, calRefVolts, gain)
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where you specifgeviceNumber EEPROMIoc (say 1, for examplegalRefChan
grndRefChan, calRefVolts, andgain.

Next call this function again; for example:

status = Calibrate_1200 (deviceNumber, 5, 0, EEPROMIoc, 0, 0, 0, 0,
0, 0)

where thadeviceNumberandEEPROMIoc are the same as in the first function call.

NI-DAQ automatically modifies the ADC unipolar pointer in the default load table to point to
user area 1.

Bipolar calibration —Change the polarity of your device to bipolar. Callibrate_1200

to perform another ADC calibrationdlOP = 2) withsaveNewCak 1 (save) and

EEPROMIloc set to a different user area (say, 2) as shown above. Next, call the function with
calOP =5 andEEPROMIoc = 2 as shown above. NI-DAQ automatically modifies the ADC
bipolar pointer in the default load table to point to user area 2. At this point, you have set up
user area 1 to be your default load area when you operate the device in unipolar mode and
user area 2 to be your default load area when you operate the device in bipolar mode. NI-DAQ
automatically handles the loading of the appropriate constants.

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

@ Note If you are using remote SCXI, the time this function might take depends on the baud
rate settings, where slower baud rates causes this function to take longer. You also might
want to callTimeout_Config  to set the timeout limit for your device to a longer value,
if you do obtain a timeoutError from this function.
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Calibrate_DSA

Format
status =Calibrate_ DSA  (deviceNumber, operation, refVoltage)

Purpose
Use this function to calibrate your DSA device.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
operation u32 operation to be performed
refVoltage f64 DC calibration voltage

Parameter Discussion

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

e C programmers-NMIDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)

¢ BASIC programmers-NMDAQCNS.INC (Visual Basic for Windows programmers should
refer to theProgramming Language Consideratiosection in Chapter 1)sing the
NI-DAQ Functionsfor more information).

«  Pascal programmershDAQCNS.PAS

operation determines the operation to be performed.

Range:

ND_SELF_CALIBRATE-Self-calibrates the device.

ND_EXTERNAL_CALIBRATEEXxternally calibrates the device.

ND_RESTORE_FACTORY_CALIBRATIGNCalibrates the device using an internal factory
reference.

refVoltage is the value of the DC calibration voltage connected to analog input channel 0
when operation isID_EXTERNAL_CALIBRATEThis parameter is ignored when operation is
set toND_EXTERNAL_CALIBRATEOr ND_RESTORE_FACTORY_CALIBRATION

Range: +1.0to +9.99 V.

To achieve the highest accuracy, use a reference voltage between +5.0 and +9.99 V.
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Using This Function
Your device contains calibration D/A converters (calDACs) that are used for fine-tuning the
analog circuitry. The calDACs must be programmed (loaded) with calibration constants.
These constants are stored in nonvolatile memory (EEPROM) on your device. To achieve
specification accuracy, you should perform an internal calibration of your device just before
a measurement session but after your computer and the device have been powered on and
allowed to warm up for at least 15 minutes. Frequent calibration produces the most stable and
repeatable measurement performance.

Before the device is shipped from the factory, an external calibration is performed and the
EEPROM contains calibration constants that NI-DAQ automatically loads into the calDACs

as needed. The value of the onboard reference voltage is also stored in the EEPROM, and this
value is used when you subsequently perform a self-calibration. The calibration constants are
recalculated and stored in the EEPROM when a self-calibration is performed. When you
perform an external calibration, NI-DAQ recalculates the value of the onboard reference
voltage and then performs a self-calibration. This new onboard reference value is used for all
subsequent self-calibration operations. If a mistake is made when performing an external
calibration, you can restore the board’s factory calibration so that the board is not unusable.

Performing Self-Calibration of the Board
Setoperation to ND_SELF_CALIBRATE to perform self-calibration of your device.

Example

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

Calibrate_DSA (deviceNumber, ND_SELF_CALIBRATE, 0.0)

Performing External Calibration of the Board

Setoperation to ND_EXTERNAL_CALIBRATEO externally calibrate your device. The value
of the internal reference voltage will be recalculated and the board will be self-calibrated
using the new reference value.

Before calling thealibrate_ DSA  function, connect the output of your reference voltage to
analog input channel 0.

Example

You want to externally calibrate your device using an external reference voltage source with
a precise 7.0500 V reference, and you want to store the new set of calibration constants in the
EEPROM. You should make the following call:

Calibrate_DSA (deviceNumber, ND_EXTERNAL_CALIBRATE, 7.0500)
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Restoring Factory Calibration
To restore the factory value of the internal reference voltage after an external calibration, set
operationtoND_RESTORE_FACTORY_CALIBRATIONou might want to do so if you made
a mistake while performing the external calibration, or if you did not want to perform the
external calibration at all.
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Calibrate_E_Series

Format
status =Calibrate_E_Series (deviceNumber, calOP, setOfCalConst, calRef\Volts)

Purpose

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

A Caution Read the calibration chapter in your device user manual before using
Calibrate_E_Series

@ Note (PCI-6110, revisions D and earlier only). You should fully disconnect your cable
from your board before performing a self-calibration, because external signals can cause
noise in the board and prevent it from properly converging to a specific calibration level.

@ Note Analog output channels and th®@andwFMunctions do not apply to the
Al E Series devices.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
calOP u32 operation to be performed
setOfCalConst u32 set of calibration constants or the EEPROM
location to use
calRefVolts f64 DC calibration voltage

Parameter Discussion

The legal ranges for tlealOp andsetOfCalConstparameters are given in terms of constants
that are defined in the header file. The header file you should use depends on which of the
following languages you are using:

e C programmers-NDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)
»  BASIC programmers-NIDAQCNS.INC
» Pascal programmersMDAQCNS.PAS
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calOP determines the operation to be performed.

Range:

ND_SET_DEFAULT_LOAD_AREAMake setOfCalConstthe default load area; do not
perform calibration.

ND_SELF_CALIBRATE—Self-calibrates the device.

ND_EXTERNAL_CALIBRATE-Externally calibrates the device.

setOfCalConstselects the set of calibration constants to be used by NI-DAQ. These
calibration constants reside in the onboard EEPROM or are maintained by NI-DAQ.
Range:
ND_FACTORY_EEPROM_AREA Factory calibration area of the EEPROM. You cannot
modify this area, so you can settOfCalConstto
ND_FACTORY_EEPROM_AR&#y whencalOP is set
to ND_SET_DEFAULT_LOAD_AREA
ND_NI_DAQ_SW_AREA NI-DAQ maintains calibration constants internally; no
writing into the EEPROM occurs. You cannot use this
setting whercalOP is set to
ND_SET _DEFAULT_LOAD_AREXou can use this
setting to calibrate your device repeatedly during your
program, and you do not want to store the calibration
constants in the EEPROM.
ND_USER_EEPROM_AREA For the user calibration area of the EEPROMalOP
is set toND_SELF_CALIBRATEOr
ND_EXTERNAL_CALIBRATEhe new calibration
constants are written into this area, and this area becomes
the new default load area. You can use this setting to run
several NI-DAQ applications during one measurement
session conducted at same temperature, and you do not
want to recalibrate your device in each application.

calRefVoltsis the value of the DC calibration voltage connected to analog input channel 0
whencalOP is ND_EXTERNAL_CALIBRATEThis parameter is ignored whealOP is
ND_SET DEFAULT _LOAD AREF ND_SELF_CALIBRATE
Range:
12-bit E Series and 6Kldevices: +6.0 to +10.0 V
16-bit E Series devices: +6.0 to +9.999 V

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

Two sets of calibration constants can reside inlbad areasnside the EEPROM; one set is
programmed at the factory, and the other is left for the user. One load area in the EEPROM
corresponds to one set of constants. The load area NI-DAQ uses for loading calDACs with
calibration constants is called the default load area. When you get the device from the factory,
the default load area is the area that contains the calibration constants obtained by calibrating
the device in the factory. NI-DAQ automatically loads the relevant calibration constants stored
in the load area the first time you call a function &&nAQ DAQ SCANandwWFMunction)

that requires them. NI-DAQ also automatically reloads calibration constants whenever
appropriate; see thealibration Constant Loading by NI-DA&ectionlater in this function

for details. When you call thealibrate_E_Series function withsetOfCalConstset to
ND_NI_DAQ_SW_AREANI-DAQ uses a set of constants it maintains in a load area that does
not reside inside the EEPROM.

@ Note Calibration of your MIO or Al device takes some time. Do not be alarmed if the
Calibrate_E_Series function takes several seconds to execute. In addition, after
powering on your computer, you should wait for some time (typically 15 minutes) for the
entire system to warm up before performing the calibration. You should allow the same
warm-up time before any measurement session that will take advantage of the calibration
constants determined by using ttedibrate_E_Series function.

A Caution When you call thealibrate_E_Series function withcalOP set to
ND_SELF_CALIBRATEOr ND_EXTERNAL_CALIBRATENI-DAQ aborts any ongoing
operations the device is performing and set all configurations to defaults. Therefore,
National Instruments recommends that you Calibrate_E_Series before calling
other NI-DAQ functions or when no other operations are going on.

Explanations about using this function for different purposes (with different valaakdi?)
are given in the following sections.

Changing the Default Load Area
SetcalOPtoND_SET _DEFAULT_LOAD_AREA change the area used for calibration constant
loading. The storage location selectedsbyOfCalConstbecomes the new default load area.

Example

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

Calibrate_E_Series(deviceNumber, ND_SET_DEFAULT_LOAD_AREA,
ND_FACTORY_EEPROM_AREA, 0.0)
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Performing Self-Calibration of the Device
SetcalOP to ND_SELF_CALIBRATEto perform self-calibration of your device. The storage
location selected byetOfCalConstbecomes the new default load area.

Performing External Calibration of the Device

5

NI-DAQ FRM for PC Compatibles

Example

You want to perform self-calibration of your device and you want to store the new set of

calibration constants in the user area of the EEPROM. You should make the following call:

Calibrate_E_Series(deviceNumber, ND_SELF_CALIBRATE,

ND_USER_EEPROM_AREA, 0.0)

The EEPROM user area becomes the default load area.

SetcalOPtoND_EXTERNAL_CALIBRATD perform external calibration of your device. The
storage location selected bgtOfCalConstbecomes the new default load area.

Make the following connections before calling thaibrate_E_Series

function:

12-Bit E Series Devices

16-Bit E Series Devices

1. Connect the positive output of your
reference voltage source to the analo
input channel 8.

2. Connect the negative output of your
reference voltage source to the
AISENSE line.

. Connect the DACO line (analog outpu
channel 0) to analog input channel 0.

. If your reference voltage source and
your computer are floating with respe
to each other, connect the AISENSE li
to the AIGND line as well as to the
negative output of your reference
voltage source.

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

2. Connect the negative output of your
reference voltage source to analog in
channel 8.

Note: By performing these first two
connections, you supply the reference
voltage to analog input channel 0, which
configured for differential operation.

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

ut

ut

is

-
L

—

input channel 8.

Note For PCI-6034E/6035E devices, use the connections for 12-bit E Series devices.
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For 611X or 671X devices, make the following connections before calling the
Calibrate_E_Series function:

611X Devices 671X Devices

1. Connect the positive output of your | 1. Connect the positive output of your
reference voltage source to the analo reference voltage source to the external
input channel 0 positive input. reference input.

2. Connect the negative output of your | 2. Connect the negative output of your
reference voltage source to the analo reference voltage source to analog
input channel 0 negative input. output ground.

Example

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

Calibrate_E_Series(deviceNumber, ND_EXTERNAL_CALIBRATE,
ND_NI_DAQ_SW_AREA, 7.0500)

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

NI-DAQ automatically loads calibration constants into calDACs whenever you call functions

that depend on theml(, AQ DAQ SCAN andwFMunctions). The following conditions apply:

12-Bit E Series Devices

16-Bit E Series Devices

The same set of constants is correct f
both polarities of analog input.

One set of constants is valid for unipolg
and another set is valid for bipolar
configuration of the analog output
channels. When you change the polar
of an analog output channel, NI-DAQ
reloads the calibration constants for th
channel.

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

Analog output channels on the
AT-MIO-16XE-50 can be configured fo
bipolar operation only. Therefore,
NI-DAQ always uses the same constal

m

n

re

(=)

nts

for the analog output channels.
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Calibrate _TIO

Format
status =Calibrate_TIO  (deviceNumber, operation, setOfCalConst, referenceFreq)

Purpose

Use this function to calibrate your 6608 device and to select a set of calibration constants to
be used by NI-DAQ.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility

operation u32 operation to be performed

setOfCalConst u32 set of calibration constants or the
EEPROM location to use

referenceFreq f64 frequency of the external
reference signal connected to the
device in hertz

Parameter Discussion

The legal ranges for thaperation andsetOfCalConstparameters are given in terms of
constants that are defined in the header file. The header file you should use depends on which
of the following languages you are using:

»  C programmers-NIDAQCNSH (DATAACQ.Hor LabWindows/CVI)
¢ BASIC programmers-NIDAQCNS.INC
» Pascal programmersNMDAQCNS.PAS

operation determines the operation to be performed.

Range:

ND_EXTERNAL_CALIBRATE Externally calibrates the device.

ND_SET_DEFAULT_LOAD_AREA MakessetOfCalConstthe default load area; do not
perform calibration.
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setOfCalConstselects the set of calibration constants to be used by NI-DAQ. These

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

Range:

ND_FACTORY_EEPROM_AREA Factory calibration area of the EEPROM. You cannot
modify this area, so you can setOfCalConstto
ND_FACTORY_EEPROM_AR@#y whenoperation is
set toND_SET_DEFAULT_LOAD_AREA

ND_USER_EEPROM_AREA User calibration area of the EEPROMofferation is set
to ND_EXTERNAL_CALIBRATERhe new calibration
constants are written into this area, and this area becomes
the new default load area.

ND_NI_DAQ_SW_AREA NI-DAQ maintains calibration constants internally; no
writing into the EEPROM occurs. You cannot use this
setting wheroperation is set to
ND_SET_DEFAULT_LOAD_AREA

referenceFreqis the frequency of the external reference signal (square wave) connected to
the device in hertz. NI-DAQ ignores this parameter when operation is set to
ND_SET_DEFAULT_LOAD_AREAhe recommended source should be highly stable and have
a frequency of 10.000000000 MHz (frequency stability 0f.8-11). Using frequencies lower

than 10 MHz for calibration may result in lower accuracy. To use a frequency other than 10
MHz, refer to your device user manual.

Using This Function

Your device contains calibration D/A converters (calDACs) that are used for fine-tuning the
frequency of the stable, oven-controlled crystal oscillator (OCXO). The calDACs must be
programmed (loaded) with certain numbers called calibration constants. Those constants are
stored in non-volatile memory (EEPROM) on your device or are maintained by NI-DAQ.

Two sets of calibration constants can reside inlbad areasnside the EEPROM; one set
(ND_FACTORY_EEPROM_ARHE#&programmed at the factory, and the other
(ND_USER_EEPROM_ARMHS left for the user. Each load area in the EEPROM corresponds to
one set of constants. The load area NI-DAQ uses for loading calDACs with calibration
constants is called the default load area. When you get the device from the factory, the default
load area is set tiD_FACTORY_EEPROM_ARBH-DAQ automatically loads the relevant
calibration constants stored in the load area when the device is first initialized. When you call
theCalibrate_TIO  function withsetOfCalConstset toND_NI_DAQ_SW_AREAI-DAQ

writes the new calibration constants to the calDACs but does not store the new constants in
the EEPROM.

Caution UsingCalibrate_TIO  aborts any ongoing operations the device is performing
and sets all configurations to defaults.
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A Caution To calibrate your device, you need an external clock with a short-term stability
(over a period of 100 s) of better thas 20-1% You may use a suitable Rubidium
frequency standard or send your device to a calibration house for calibration. Using a clock
that does not have the required frequency stability causes improper calibration of the
high-stability clock which can result in inaccurate measurements.

Performing External Calibration of the Board

Setoperationto ND_EXTERNAL_CALIBRATED perform external calibration of your device.
The storage location selecteddstOfCalConstbecomes the new default load area.

Before calling theCalibrate_TIO  function, connect the output of your reference frequency
source to the source pin of counter 0.

Example

You want to calibrate your device using a reference frequency source with a precise output of
10.000000000 MHz, and you want to store the new set of calibration constants in the user
EEPROM area and make it the default load area. You should make the following call:

Calibrate_TIO (deviceNumber, ND_EXTERNAL_CALIBRATE,
ND_USER_EEPROM_AREA, 10000000.000)

Restoring Factory Calibration

To restore the factory settings, sperationto ND_SET_DEFAULT_LOAD_ARE#hd
setOfCalConstto ND_FACTORY_EEPROM_AR&AuU might want to do this if you made a
mistake while performing the external calibration.

Changing the Default Load Area

Setoperationto ND_SET_DEFAULT_LOAD_AREA change the default area used for

calibration constant loading. The storage location selectsét@fCalConstbecomes the

new default load area and the calDACs are loaded with the values from the new location. You
cannot set the default load area ttdbeNI_DAQ_SW_AREAhereferenceFregparameter is
ignored in this operation.

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

Calibrate_TIO (deviceNumber, ND_SET_DEFAULT_LOAD_AREA,
ND_USER_EEPROM_AREA, 0.0)
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Config_Alarm_Deadband

Format

status = Config_Alarm_Deadband  (deviceNumber, mode, chanStr, trigLevel, deadbandWidth,
handle, alarmOnMessage, alarmOffMessage, callbackAddr)

Purpose

Notifies NI-DAQ applications when analog input signals meet the alarm-on or alarm-off
condition you specified. Also, NI-DAQ sends your application a message or executes a
callback function that you provide.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility
mode i16 add or remove high/low alarm events
chanStr STR channel string
trigLevel f64 trigger level in volts
deadbandWidth f64 the width of the alarm deadband in volts
handle i16 handle
alarmOnMessage i16 user-defined alarm-on message
alarmOffMessage i16 user-defined alarm-off message
callbackAddr u32 user callback function address

Parameter Discussion
modeindicates whether to add a new alarm message or remove an old alarm message with
the given device.
0: Add a high alarm deadband event.
1 Add a low alarm deadband event.
2: Remove a high alarm deadband event.
3: Remove a low alarm deadband event.

chanStris a string description of the trigger analog channel or digital port.
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The channel string has one of the following formats:

Xn
SCnIMDn!CHn
Awn! n
where
X: Al for analog input channel.
n: Analog channel, digital port, SCXI chassis, SCXI module number,

or AMUX-64T device number or channel number.
SC: Keyword stands for SCXI chassis.
MD: Keyword stands for SCXI module.
CH: Keyword stands for SCXI channel.
AM: Keyword stands for AMUX-64T device.
I Delimiter.

For example, the following string specifies onboard analog input channel 5 as the trigger
channel:

Al5

The following string specifies SCXI channel 1 in SCXI module 2 of SCXI chassis 4 as the
trigger channel:

SC4IMD2ICH1

The following specifies AMUX channel 34 on the AMUX-64T device 1 as the trigger
channel:

AM1134

You also can specify more than one channel as the trigger channel by listing all the channels
when specifying the channel number. For example, the following string specifies onboard
analog input channel 2, 4, 6, and 8 as the trigger channels:

Al2,Al4,Al6,AI8

Also, if your channel numbers are consecutive, you can use the following shortcut to specify
onboard analog input channels 2 through 8 as trigger channels:

Al2:8

trigLevel is the alarm limit in voltstrigLevel anddeadbandWidth determine the trigger
condition.

deadbandWidth specifies, in volts, the hysteresis window for triggering.
handle is the handle to the window you want to receive a Windows message in when

DAQEvent happens. Se€onfig DAQ_Event Message for restrictions on this parameter.
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alarmOnMessageandalarmOffMessageare messages you define. When the alarm-on
condition occurs, NI-DAQ passatarmOnMessageback to you. Similarly, when the
alarm-off condition occurs, NI-DAQ passalarmOffMessageback to you. The messages
can be any value.

In Windows, you can set the message to a value including any Windows predefined messages
such aswM_PAINTHowever, to define your own message, you can use any value ranging
from WM_USERO0x400) to Ox7fff. This range is reserved by Microsoft for messages you
define.

callbackAddr is the address of the user callback function. NI-DAQ calls this function when
DAQEvent occurs. Se€onfig DAQ_Event_Message for restrictions on this parameter.

Using This Function

To meet the high alarm-on condition, the input signal must first go below

(trigLevel —deadbandWidth/2) volts and then go aboviigLevel + deadbandWidth/2)

volts. On the other hand, to meet the high alarm-off condition, the input signal must first go
above {rigLevel + deadbandWidth/2) volts and then go below

(trigLevel —deadbandWidth/2) volts. See Figure 2-1 for an illustration of the high alarm
condition.

On: high alarm on
Off: high alarm off

on

trigLevel +
deadbandWidth/2

triglevel |------fr--mmmmm N

trigLevel -
deadbandWidth/2

» Time

Figure 2-1. High Alarm Deadband

The low alarm deadband trigger condition is the opposite of the high alarm deadband
trigger condition. To meet the low alarm-on condition, the input signal must first go above
(trigLevel + deadbandwidth/2) and then go belovirigLevel —deadbandWidth/2). On

the other hand, to meet the low alarm-off condition, the input signal must first go below
(trigLevel —deadbandWidth/2) and then go abové&igLevel + deadbandWidth/2).
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See Figure 2-2 for an illustration of the low alarm condition.

On: low alarm on
Off: low alarm off

trigLevel +
deadbandWidth/2

trigLevel

trigLevel —
deadbandWidth/2

» Time

Figure 2-2. Low Alarm Deadband

Config_Alarm_Deadband is a high-level function for NI-DAQ event messaging. Because
this function uses the curremputRange andpolarity settings to translateiglevel and
deadbandWidth from volts to binary, you should not call Configure  and change these
settings after you have call€dnfig_Alarm_Deadband . For more information on NI-DAQ
event messaging, see the low-level functbmnfig_ DAQ_Event_Message .When you are
using this function, the analog input data acquisition must be run with interrupts only
(programmed 1/0O mode). You cannot use DMA. See DAQ_Device_Info  for how to
change modes.
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Config_ATrig_Event_Message

Format

status =Config_ATrig_Event_Message (deviceNumber, mode, chanStr, trigLevel,
windowsSize, trigSlope, trigSkipCount, pretrigScans,
postTrigScans, handle, message, callbackAddr)

Purpose

Notifies NI-DAQ applications when the trigger channel signal meets certain criteria you
specify. NI-DAQ sends your application a message or executes a callback function that you

provide.
Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility
mode i16 add or remove a message
chanStr STR channel string
trigLevel f64 trigger level in volts
windowsSize f64 hysteresis window size in volts
triggerSlope i16 trigger slope
trigSkipCount u32 number of triggers
preTrigScans u32 number of scans to skip before trigger event
postTrigScans u32 number of scans after trigger event
handle i16 handle
message i16 user-defined message
callbackAddr u32 user callback function address

Parameter Discussion
modeindicates whether to add a new alarm message or to remove an old alarm message with
the given device.
0: Remove an existing analog trigger event.
1 Add a new analog trigger event.
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chanStr is a string description of the trigger analog channel or digital port.

The channel string has one of the following formats:
Xn

SCnIMDn!CHn

Awn! n

where
X: Al for analog input channel.
n; Analog channel, digital port, SCXI chassis, SCXI module number, or
AMUX-64T device number or channel number.
SC Keyword stands for SCXI chassis.
MD  Keyword stands for SCXI module.
CH Keyword stands for SCXI channel.
AM Keyword stands for AMUX-64T device.
I Delimiter.

For example, the following string specifies an onboard analog input channel 5 as the trigger
channel:

Al5

The following string specifies SCXI channel 1 in SCXI module 2 of SCXI chassis 4 as the
trigger channel:

SC4!MD2!CH1

The following specifies AMUX channel 34 on the AMUX-64T device 1 as the trigger
channel:

AM1134

You also can specify more than one channel as the trigger channel by listing all the channels
when specifying channel number. For example, the following string specifies onboard analog
input channel 2, 4, 6, and 8 as the trigger channels:

Al2,Al4,A16,A18

Also, if your channel numbers are consecutive, you can use the following shortcut to specify
onboard analog input channels 2 through 8 as trigger channels:

Al2:8

trigLevel is the alarm limit in voltstrigLevel andwindowSizedetermine the trigger
condition.
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windowsSizeis the number of volts belotkigLevel for positive slope or above the analog
trigger level for negative slope that the input signal must go before NI-DAQ recognizes a valid
trigger crossing at the analog trigger level.

trigSlope is the slope the input signal should trigger on.
0: Trigger on either positive and negative slope.
1 Trigger on positive slope.
2: Trigger on negative slope.

trigSkipCount is the number of valid triggers NI-DAQ ignores. It can be any value greater
than or equal to zero. For exampleyigSkipCount is 3, you are notified when the fourth
trigger occurs.

preTrigScansis the number of scans of data NI-DAQ collects before looking for the very first
trigger. SettingpreTrigScansto 0 causes NI-DAQ to look for the first trigger as soon as the
DAQ process begins.

postTrigScansis the number of scans of data NI-DAQ collects aftetriig€kipCount
triggers before notifying you.

handle is the handle to the window you want to receive a Windows message in when
DAQEvent happens. Seeonfig DAQ_Event_Message for restrictions on this parameter.

messagés a message you define. WH2AQEvent happens, NI-DAQ passasessagéack
to you.messagecan be any value.

In Windows, you can sehessageo a value including any Windows predefined messages
(such asvM_PAINY . However, to define your own message, you can use any value ranging
from WM_USERO0x400) to Ox7fff. This range is reserved by Microsoft for messages you
define.

callbackAddr is the address of the user callback function. NI-DAQ calls this function when
DAQEvent occurs. Se€onfig_ DAQ_Event_Message for restrictions on this parameter.

Using This Function
To meet the positive trigger condition, the input signal must first go bélghkdvel —
windowSizé and then go aboueigLevel. On the other hand, to meet the negative trigger
condition, the input signal must first go abotrglevel + windowSize) and then go below
trigLevel. Figure 2-3 shows these conditions.
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A

P: positive trigger point
N: negative trigger point

trigLevel
+windowSize

trigLevel
trigLevel
- windowSize/
» Time
Figure 2-3. Analog Trigger Event
Config_ATrig_Event_Message is a high-level function for NI-DAQ event messaging.

Because this function uses the curiieputRange andpolarity settings to translate
trigLevel andwindowSizeinto binary units, you should not call Configure  and change
these settings after you have calzhfig ATrig_Event Message . For more information
on NI-DAQ event messaging, see the low-level func@onfig DAQ_Event_Message
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Config_DAQ_Event_Message

Format

status =Config_ DAQ_Event Message (deviceNumber, mode, chanStr, DAQEvent,
DAQTrigVal0, DAQTrigVall, trigSkipCount, preTrigScans,
postTrigScans, handle, message, callbackAddr)

Purpose

Notifies NI-DAQ applications when the status of an asynchronous DAQ operation (initiated
by a call toDAQ_Start , DIG_Block_Out , WFM_Group_Control , and so on) meets certain
criteria you specify. Notification is done through the Windows PostMessage API and/or a
callback function.

CertainDAQEvent options are best suited for low-speed transfers, because they require the
processor to examine each data point as it is acquired or transferred. These options include
DAQEvents 3 through 9. For these options, you cannot use DMA, and the processor has to
do more work. The processing burden increases in direct proportion to the speed of the
asynchronous operation.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
mode i16 add or remove a message
chanStr STR channel string
DAQEvent i16 event criteria
DAQTrigValo i32 general-purpose trigger value
DAQTrigVvall i32 general-purpose trigger value
trigSkipCount u32 number of triggers to skip
preTrigScans u32 number of scans before trigger event
postTrigScans u32 number of scans after trigger event
handle i16 handle
message i16 user-defined message
callbackAddr u32 user callback function address
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Parameter Discussion
modeindicates whether to add a new message, remove an old message, or clear all messages
associated with the given device.
0: Clear all messages associated with the device including messages
configured withConfig_Alarm_Deadband and
Config_ATrig_Event_Message
1 Add a new message.
2: Remove an existing message.

chanStr is a string description of the trigger analog channel(s) or digital port(s).

The channel string has one of the following formats:
Xn

SCnIMDn!CHn

Awn! n

where
X: Al for analog input channel.
AOfor analog output channel.
DI for digital input channel.
DOfor digital output channel.
CTRfor counter.
EXT for external timing input.
n: Analog channel, digital port, counter, SCXI chassis, SCXI module nhumber,
or AMUX-64T device number
SC Keyword stands for SCXI chassis.
MD Keyword stands for SCXI module.
CH Keyword stands for SCXI channel.
AM Keyword stands for AMUX-64T device.
I Delimiter.

For example, the following string specifies an onboard analog input channel 5 as the trigger
channel:

Al5

When using messaging with an SCXI module in Parallel mode, you must refer to the channels
by their onboard channel numbers, not their SCXI channel numbers.

The following string specifies SCXI channel 1 in SCXI module 2 of SCXI chassis 4 as the
trigger channel:

SC4!MD2!CH1
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The following specifies AMUX channel 34 on the AMUX-64T device 1 as the trigger
channel:

AM1134
You can specify only one AMUX channel in tbleanStr parameter.

You also can specify more than one channel as the trigger channel by listing all the channels
when specifying channel number. For example, the following string specifies onboard analog
input channel 2, 4, 6, and 8 as the trigger channels:

Al2,Al4,A16,A18

Also, if your channel numbers are consecutive, you can use the following shortcut to specify
onboard analog input channels 2 through 8 as trigger channels:

Al2:8

DAQEvent indicates the event criteria for user notification. The following table describes
the different types of messages available in NI-DAQcAnis defined as one pass through

all the analog input or output channels or digital ports that are part of your asynchronous DAQ
operation.

Note If you are using a DAQ device in a remote SCXI configuration for digital I/O
operations, DAQ events are not supported.

Note To use a DIO device with this function, your device must be in handshaking mode.
Otherwise, NI-DAQ will not be able to search for the trigger condition for your DIO device.
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Table 2-10. DAQEvent Messages

DAQEvent Description Usable Devices
Type Code of Message <Usable Operation Families>
Acquire or 0 Send exactly one message | MIO devices <Al, AO>
generate when an asynchronous 671X devices
N scans operation has completed
DAQTrigValO scans. For any| 6025E devices,
output operation on devices | AT-MIO-16DE-10 <DIO>
with output FIFOs, this Al devices <Al>
message occurs aftdrscans
have been written into the Lab and 1200 Series devices <Al, AQ
output FIFO. This includes DIO>
analog output devices, such &
MIO E-Series boards with AQ| /\1-AC-6/10 <A0>
FIFOS, and digital I/0 devices| 516 and LPM devices,
such as DIO 6533/DI0-32HS| DAQCard-500/700 <Al>
AT-DIO-32F and DIO 6533
devices<DIO>
DSA devices<Al, AO>
DIO-24 (6503),
DIO-96 <DIO>
EveryN 1 Send a message each time al MIO devices <Al, AO>
scans asynchronous operation 671X devices
completes a multiple of
DAQTrigVval0 scanschanStr | 6025E devices,
indicates the type of channel ¢ AT-MIO-16DE-10 <DIO>
port, but the gc’FuaI channel or Al devices <Al>
port number is ignored.
Lab and 1200 Series devices
<Al, AO, DIO>
AT-AO-6/10 <AO>
516 and LPM devices,
DAQCard-500/700 <Al>
DSA devices<Al, AO>
AT-DIO-32F, DIO 6533 (DIO-32HS),
DIO-24 (6503), DIO-96 <DIO>
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Table 2-10. DAQEvent Messages (Continued)

DAQEvent Description Usable Devices
Type Code of Message <Usable Operation Families>
Completed 2 Send exactly one message MIO devices <Al, AO>
operation or when an asynchronous_ 671X devices
stopped by operation completes or is
error stopped for an errochanStr 6025E devices,
indicates the type of channel ¢ AT-MIO-16DE-10 <DIO>
port, but the :_ac’_[ual channel or Al devices <Al>
port number is ignored.
Lab and 1200 Series devices
<Al, AO, DIO>
AT-AO-6/10 <AO>
516 and LPM devices,
DAQCard-500/700 <Al>
DSA devices<Al, AO>
AT-DIO-32F and DIO 6533 devices
<DIO>
DIO-24 (6503), DIO-96 <DIO>
\oltage out 3 Send a message each time a| MIO and Al devices <Al>
of bounds data pomt from_ any channel i Lab and 1200 Series devices <Al>
chanStr is outside of the
voltage region bounded by 516 and LPM devices,
DAQTrigValO and DAQCard-500/700 <Al>
DAQTrigVall, where
DAQTrigValo =
DAQTrigVall .
\oltage 4 Send a message each time a| MIO and Al devices <Al>
within data point from any channel i . .
bounds chanStris inside of the voltage Lab and 1200 Series devices <Al>
region bounded by 516 and LPM devices,
DAQTrigValO and DAQCard-500/700 <Al>
DAQTrigVall, where
DAQTrigvValo =
DAQTrigvall .
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Table 2-10. DAQEvent Messages (Continued)

DAQEvent Description Usable Devices
Type Code of Message <Usable Operation Families>
Analog 5 Send a message when data fr¢ MIO and Al devices <Al>
positive any_c_hanne_l chansStr Lab and 1200 Series devices <Al>
slope positively triggers on the
triggering hysteresis window specified by 516 and LPM devices,
DAQTrigVal0 and DAQCard-500/700 <Al>
DAQTrigVall , where
DAQTrigval0 =
DAQTrigVall . To positively
trigger, data must first go belov
DAQTrigVall and above
DAQTrigVvalo .
Analog 6 Send a message when data fr¢ MIO and Al devices <Al>
negative any channel_ chanStr Lab and 1200 Series devices <Al>
slope negatively triggers on the
triggering hysteresis window specified by 516 and LPM devices,
DAQTrigVal0 and DAQCard-500/700 <Al>
DAQTrigVall , where
DAQTrigvalo =
DAQTrigVall . To negatively
trigger, data must first go abov
DAQTrigValO and below
DAQTrigVall .
Digital 7 Send a message when data fr¢ Lab and 1200 Series devices (excef
pattern not any digital port inchanStr an SCXI-1200 with remote SCXI)
matched causes this statement to be tr{ <DIO>
data ANDDAQTrigVal0 NOT .
EQUAL DAQTrigval1 . Only | P'© 6533 devices <DIO>
the lower word is relevant. DIO-24 (6503), DIO-96 <DIO>
6025E devices, AT-MIO-16DE-10
<DIO>
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Table 2-10. DAQEvent Messages (Continued)

DAQEvent Description Usable Devices
Type Code of Message <Usable Operation Families>
Digital 8 Send amessage when data fr¢ Lab and 1200 Series devices (except
pattern any digital port inchanStr an SCXI-1200 with remote SCXI)
matched causes this statement to be tr{ <DIO>
data ANDDAQTrigValO

EQUAL DAQTrigvall . only | D'O 6533 devices <DIO>
the lower word is relevant. DIO-24 (6503), DIO-96 <DIO>

6025E devices, AT-MIO-16DE-10
<DIO>

Counter 9 Send a message each time a| PC-TIO-10 <TIO>
pulse event pulse occurs in a timing signa
You can configure only one
such event message at a time
a device, except on the
PC-TIO-10, which can have
two.

DAQEvent = 3 through 8—ThesBAQEventsare for interrupt-driven data acquisition only.
SeeSet DAQ_Device_Info  for switching between interrupt-driven and DMA-driven data
acquisition.

If you are using a DIO 6533 device in pattern match trigger mode, you cannot select
DAQEvent 7 or 8. Refer to thBIG_Trigger_Config function for an explanation of the
pattern match trigger mode.

If you are using a Lab or 1200 Series device in pretrigger mode, NI-DAQ does not send any
messages you configure for the end of the acquisition. These devices do not generate an
interrupt at the end of the acquisition when in pretrigger mode.

DAQEvent = 9—NI-DAQ sends a message when a transition (low to high or high to low)
appears on a counter output or external timing signal 1/0 pin. Table 2-11 shows the possible
counters and external timing signals that are valid for each supported device.

If you are using one of the counters on the PC-TIO-10 for your timing signal, you must
connect the counter output to the EXTIRQ pin either externally through the 1/O connector or
with the two jumpers on the device. The jumpers connect the OUT2 and OUT7 pins with the
EXTIRQ1 and EXTIRQ2Z pins, respectively. NI-DAQ returns an error if you specify a counter
that is in use. Use EXT1 for tithanStr parameter regardless of which EXTIRQ pin you are
using. The PC-TIO-10 can have two of these event messages configured at the same time,
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therefore you must specify which pin you want to use on the PC-TIO-10 with the
DAQTrigVal0 parameter.

Table 2-11. Valid Counters and External Timing Signals for DAQEvent = 9

Data Acquisition Device I/O Pin I/O Pin State Change
PC-TIO-10 EXTIRQL1 or EXTIRQ2 high to low

To useDAQEvent = 9, you must configure the device for interrupt-driven waveform
generation. ThiDAQEvent works by using the waveform generation timing system. Thus,
you cannot use waveform generation or single point analog output with delayed update mode
and thisDAQEvent at the same time on the same device. AlBEQEvent = 9 is not valid

for the E Series devices.

trigSkipCount is the number of valid triggers NI-DAQ ignores. It can be any value greater
than or equal to zero. For exampleri§SkipCount is 3, NI-DAQ notifies you when the
fourth trigger occurs.

preTrigScansis the number of scans of data NI-DAQ collects before looking for the very first
trigger. SettingoreTrigScansto 0 causes NI-DAQ to look for the first trigger as soon as the
DAQ process begins.

postTrigScansis the number of scans of data NI-DAQ collects after the triggers before
notifying you. SettingpostTrigScansto O causes event notification to happen as soon as the
trigger occurs.

Refer to the following table for further details on usable parameters fob&d@Rvent type.
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Table 2-12. Usable Parameters for Different DAQEvent Codes
DAQEvent
Parameter 0 1 2 3 4 5 6 7 8 9
chansStr(wheren | Aln, Din, Aln, Din, Aln, AOn, | Aln, Aln, Aln, Aln, Din,DOn | DIn,DOn | CTRn,EXT1
andm are DOn, DOn, DIn, DOn, | SCnl..., SCnl..., SCnl..., SCnl...,
numbers) SCnl..., SCnl..., SCnl..., AMn!m AMn!m AMn!'m AMn!m
AMnIm,AOn | AMn!m, AMn!m
AOn
DAQTrigValo no. of scans, | no. of scans,| ignored upper bound | upper bound | upperboundfo| upperboundfo| digital digital EXTIRQ no.
must be must be for analog for analog hysteresis hysteresis pattern pattern (Qor2)if
greater than  greaterthan alarm region alarm region window window mask mask chanStr =
(see note (binary), must | (binary), must | (binary), must | (binary), must | (decimal) | (decimal) | EXTn for the
below) be greater thar| be greater tha be greater thar] be greater thar| PC-TIO-10,
or equal to or equal to or equal to or equal to otherwise
DAQTrigVvall | DAQTrigVall | DAQTrigvVall | DAQTrigVall ignored
DAQTrigVall ignored ignored ignored lower bound lower bound lower bound for| lower bound forj digital digital ignored
for analog for analog hysteresis hysteresis pattern not| pattern to
alarm region alarm region window window to match match
(binary) (binary) (binary) (binary) (decimal) | (decimal)
trigSkipCount ignored ignored ignored ignored ignored no. of triggers | no. of triggers | ignored ignored ignored
to skip to skip
preTrigScans ignored ignored ignored ignored ignored no. of scans no. of scans ignored ignored ignored
before trigger | before trigger
condition is me| condition is me|
postTrigScans ignored ignored ignored ignored ignored no. of scans no. of scans ignored ignored ignored
after trigger after trigger
condition is me| condition is me|
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For the parameters that are ignored, set them to 0.

For DAQEvent = 1,DAQTrigVal0 must be greater than zero. If you are using DMA with
double buffers or a pretrigger data acquisitAQTrigVal0 must be an even divisor of the
buffer size in scans.

For DAQEvent = 1 on an analog output chanm@AQTrigVal0 must always be an even
divisor of the buffer size or a multiple of it.

handle is the handle to the window you want to receive a Windows message in when
DAQEvent happens. Ihandle is 0, no Windows messages are sent.

messagés a message you define. WH2AQEvent happens, NI-DAQ passasessagédack
to you.messagecan be any value.

callbackAddr is the address of the user callback function. NI-DAQ calls this function when
DAQEvent occurs. If you do not want to use a callback functioncakivackAddr to 0.

Using This Function
This function notifies your application wh&AQEvent occurs. Usind AQEvent
eliminates continuous polling of asynchronous operations through NI-DAQ functions.

For example, if you have a double-buffered DAQ application, instead of calling
DAQ_DB_HalfReady continuously, you can callonfig DAQ_Event Message and set
DAQEvent to 1 andDAQTrigValO to be one-half your buffer size in units of scans. Then,
NI-DAQ notifies your application when it is time to cBRIAQ_DB_Transfer . The same
concept applies to digital input/output block functions and analog output functions.

To define a message, cabnfig DAQ_Event_Message before starting your DAQ process.
You can associate more than one message to the same device by calling
Config_DAQ_Event_Message as many times as you need to.

After you define a message, it remains active until youGQmalfig DAQ_Event_Message

or Init_ DA_Brds  to remove messages. To remove a specific message, call
Config_DAQ_Event_Message Wwith mode set to 2. When removing a specific message,
make sure to provide all the information defining the message, sabtla@Str
(SCXiIchassisID moduleSlot, chanType, chan), DAQEvent, DAQTrigValo ,
DAQTrigVall , trigSkipCount, preTrigScans postTrigScans handle, messageand
callbackAddr.

To remove all messages associated with the devic€adi) DAQ_Event_Message with
mode set to zero and with all other arguments exdeptceNumberset to zero.
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Event notification is done through the Windows API functhestMessage and/or a
callback function that you define.

When any trigger event happens, NI-DAQ caiistMessage as follows:

int PostMessage(HWND handle, UINT message, WPARAM wParam,
LPARAM IParam)

handle andmessagere the same handle and message as previously defined. The least
significant byte ofnParam is the device and the second least significant byveRafram
is a Boolean flagdoneFlag indicating whether the DAQ process has ended.

doneFlag= 0: Asynchronous operation is still running.

doneFlag= 1: Asynchronous operation has stopped.

IParam contains the number of the scan in wHihQEvent occurred.

The following is an exampl&/indowProc routine, written in C:

LRESULT CALLBACK WindowProc(HWND hWnd, UINT uMsgld, WPARAM wParam, LPARAM

IParam)

{

static unsigned long int uNIDAQeventCount = 0O;
short DAQeventDevice;
short doneFlag;
long scansDone;
switch (uMsgld)
{
case WM_PAINT:
/l..handle this message...
break;
case WM_DESTROY:
/l..handle this message...
break;
case WM_NIDAQ_MSG:

// Kkkkkk *% * * *

/Iput your NI-DAQ Message handling here!

/I‘ *kkkkk *% * * *

/I increment static counter
uNIDAQeventCount++;
DAQeventDevice = (wParam & Ox00FF);
doneFlag = (wParam & 0xFF00) >> 8;
scansDone = |Param;

/l..handle this message...
return O;
break;
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default:
// handle other usual messages...
return DefWindowProc (hWnd, uMsgld, wParam, IParam);

Callback Functions

To enable the callback function, you need to provide the address of the callback routine in
callbackAddr. Therefore, you must write your application in a programming language that
supports function pointers, such as C or Assembly.

If you are using LabWindows/CVI, your callback function is called by means of messaging.
If you are using LabWindows/CVI 4.0.1, you must take special precautions to prevent
multiple accesses to non-multithread-safe libraries from the DAQEvent callback function.

Callback Functions in Windows 98/95 and Windows NT

Callbacks are easy and safe to use in Windows 98/95 and Windows NT. Your callback
function is called in the foreground and in the context of your process. You can access your
global data, make system calls, or call NI-DAQ from your callback function. However,
succeeding events will not be handled until your callback has returned. The time delay
between the event and natification (also knowlatency) is highly variable and depends
largely on how loaded your system is. Latency is always less with a callback than a Windows
message because you avoid the latency of the Windows messaging system.

Latency is less deterministic with packet-based buses, such as the Universal Serial Bus
(USB).

Your callback function should use standard C calling conventions. Do not (G&Lih@ACK
function type. Here is a sample prototype:

void myCallback (HWND hwnd, UINT message, WPARAM wparam, LPARAM
Iparam)
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Configure_HW_Analog_Trigger

Format

status =Configure_ HW_Analog_Trigger (deviceNumber, onOrOff, lowValue, highValue,
mode, trigSource)

Purpose
Configures the hardware analog trigger. The hardware analog triggering circuitry produces a
digital trigger that you can use for any of the signals available througelkiwe Signal
function by selectingource= ND_PFI_0.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
onOrOff u32 turns the analog trigger on or off
lowValue i32 specifies the low level used for analog triggering
highValue i32 specifies the high level used for analog triggering
mode u32 the way the triggers are generated
trigSource u32 the source of the signal used for triggering

Parameter Discussion

Legal ranges for thenOrOff, mode, andtrigSource parameters are given in terms of
constants that are defined in a header file. The header file you should use depends on which
of the following languages you are using:

e C programmers-NIDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)

e BASIC programmers-NIDAQCNS.INC (Visual Basic for Windows programmers should
refer to theProgramming Language Consideratiogection in Chapter 1)sing the
NI-DAQ Functionsfor more information.)

» Pascal programmershtDAQCNS.PAS

onOrOff informs NI-DAQ whether you want to turn the analog trigger on or off. Legal values
for this parameter amg¢D_ONandND_OFF
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lowValue andhighValue specify the levels you want to use for triggering. For E Series
devices, the legal range for the two values is 0 to 255 (0—4,095 for 16-bit boards). In addition,
lowValue must be less thamnighValue. The voltage levels correspondingda/Value and
highValue are as follows:

*  WhentrigSource =ND_PFI_0, 0 corresponds to —10 V and 255 (4,095 for the 16-bit
boards) corresponds to +10 V; values between 0 and 255 (4,095 for 16-bit boards) are
distributed evenly between —10 V and +10 V. You carNIzéPFI_0 as the analog signal
you are triggering off of at the same time you desigN&ePFI_0 as a source for a
Select_Signal signal.

e WhentrigSource = ND_THE_AI_CHANNEIland the channel is in bipolar mode, the
following conditions apply:

— Most Boards—O0 corresponds to -5 V, 255 corresponds to +5 V; values between 0
and 255 are evenly distributed between -5 V and +5 V.

—  61XX Devices—O0 corresponds to —10 V; 255 corresponds to +10 V; and values
between 0 and 255 are evenly distributed between —10 V and +10 V.

— 16-Bit Boards—O0 corresponds to —10 V; 4,095 corresponds to +10 V; and values
between 0 and 4,095 are evenly distributed between —10 V and +10 V.

*  WhentrigSource = ND_THE_AI_CHANNEIland the channel is in unipolar mode, the
following conditions apply:

— 12-Bit Boards—O0 corresponds to 0 V; 255 corresponds to +10 V; and values between
0 and 255 are evenly distributed between 0 V and +10 V.

— Most 16-Bit Boards—2,048 corresponds to 0 V; 4,095 corresponds to +10 V; and
values between 2,048 and 4,095 are evenly distributed between 0 V and +10 V.

— 6052E Boards—O0 corresponds to 0 V; 4,095 corresponds to +10 V; and values
between 0 and 4,095 are evenly distributed between 0 V and +10 V.

See the end of this section for an example calculatiolofdralue.

For DSA devices, the legal range fowValue andhighValue is —32,768 to +32,767. These
values correspond to the lower limit of the voltage range to the higher limit of the voltage
range for the current configuration of the trigger channel. For example, when the channel
is configured for O dB of gain, —32,768 corresponds to —10 V and +32,767 corresponds
to +10 V.

modetells NI-DAQ how you want analog triggers to be converted into digital triggers that
the onboard hardware can use for timing.

@ Note The PCI-6110E and PCI-6111E can use any of the analog input channels for the

trigSource. For these devices set trigSource to the channel number you want, instead of the
constanND_THE_AI_CHANNEL
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@ Note This also applies to the 445X and 455X devices.

The following paragraphs and figures show all of the available modes and illustrations of
corresponding trigger generation scenarios. Values specifigidibyalue andlowValue are
represented using dashed lines, and the signal used for triggering is represented using a solid
line.

e ND_BELOW_LOW_LEVELThe trigger is generated when the signal value is less than the
lowValue. highValue is unused.

lowValue

Trigger —‘_

Figure 2-4. ND_BELOW_LOW_LEVEL

< ND_ABOVE_HIGH_LEVEE-The trigger is generated when the signal value is greater than
thehighValue. lowValue is unused.

highVvalue

Trigger !_| j! |_| |_

Figure 2-5. ND_ABOVE_HIGH_LEVEL

* ND_INSIDE_REGION—The trigger is generated when the signal value is between the
lowValue and thehighValue.

NI-DAQ FRM for PC Compatibles 2-86 www.natinst.com



Chapter 2 Function Reference — Configure_HW_Analog_Trigger

Trigger 4

Figure 2-6. ND_INSIDE_REGION

e ND_HIGH_HYSTERESIS-The trigger is generated when the signal value is greater than
thehighValue, with hysteresis specified bgwValue.

highValue ------ /- N\ /- A\

i
i
|

lowValue ------dooooo X - N [
|
|

Trigger m

Figure 2-7. ND_HIGH_HYSTERESIS

* ND_LOW_HYSTERES#SThe trigger is generated when the signal value is less than the
lowValue, with hysteresis specified thghValue.

highValue _____

i A

i i

lowValue _____\____--_/__ [ S A N4 K.
i

'

i

Trigger | . | I

Figure 2-8. ND_LOW_HYSTERESIS

Use therigSource parameter to specify the source of the trigger you want to use. For E Series
devices, the legal values a#® PFI_0 andND_THE_AI_CHANNEL
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SettrigSource to ND_PFI_0 if you want the trigger to come from the PFIO/TRIG1 pin. You

need to connect the analog signal you want to use for triggering to the PFIO/TRIG1 pin. To
generate triggers based on an analog signal that takes a wide range of values between —10 V
and +10 V, you should use this setting.

You should seledtiD_THE_AI_CHANNEIfor trigSource only to generate triggers based on a
low-range analog signal, if you are concerned about signal quality and are using a shielded
cable, or if you want the trigger to be based on an analog input channel in the differential
mode. Using this selection is non-trivial.

If you settrigSource to ND_THE_AI_CHANNELYyou can use the signal connected to one of
the analog input pins for triggering. In this case, the signal is amplified on the device before
it is used for trigger generation. You can use this source selection under the following
conditions:

*  You want to perform data acquisition from a single analog input channeAtfamily
of functions). You can use only the channel you are acquiring data from for analog
triggering.

*  You want to perform data acquisition from more than one analog input channel
(a combination of th®AQandSCANfamilies of functions). The only analog input
channel you can use as the start trigger is the first channel from your list of channels. You
cannot use this form of the analog trigger for the stop trigger in case of pretriggered data
acquisition.

Note The PCI-6110E and PCI-6111E can use any analog input channel.

*  You do not want to perform any analog input operationsAth®AQ andSCANfamilies
of functions). You must us®_Setup to select the analog input channel you want to use
and the gain of the instrumentation amplifier. You also causgonfigure  to alter
the configuration of the analog input channel.

¢ Youwant to usal_Check , and you want to use the analog trigger for conversion timing.
You do not have to perform any special steps.

The reason for using these constraints is that if you are scanning among several analog input
channels, signals from those channels are multiplexed in time, and the analog triggering
circuitry is unable to distinguish between signals from individual channels in this case.

For DSA devices only, any of the analog input channels can be the source of the analog
trigger, even channels that are not part of the channel listBaQnStart orSCAN_Setup .
SettrigSource to the channel number of the channel to monitor for the analog trigger.
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Using This Function
When you use this function, you activate the onboard analog triggering hardware.
This onboard hardware generates a digital trigger that the DAQ-STC then uses for timing and
control. To use the analog trigger, you need to use this function asdi#ise Signal
function. To use analog triggering, use as much hysteresis as your application allows because
the circuitry used for this purpose is very noise-sensitive.

For E series devices, when you @etect_Signal , setsourceto ND_PFI_0 for your

signal, and setourceSpea@s appropriate. Notice that the two polarity selections give you
timing control in addition to the five triggering modes listed here. For DSA devices, when you
useSelect_Signal , setsourceto ND_ATC_OuUTor your signal, and ssburceSpedo
ND_DONT_CARENI-DAQ will route the analog trigger circuit output as appropriate for

the device.

For example, if you setourcetoND_THE_AI_CHANNELthe channel you are interested in is

in bipolar mode, you want a gain of 100, and you want to set the voltage window for triggering
to +35 mV and +45 mV for your original signal (that is, signal before amplification by the
onboard amplifier), you should make the following programming sequence:

12-bit boards:

status =Configure_ HW_Analog_Trigger (deviceNumber,ND_ON218, 243, mode,
ND_THE_AI_CHANNE)L

Status =Select_Signal (deviceNumber,ND_IN_START_TRIGGERND_PFI_0,
ND_LOW_TO_HIGH
16-bit boards:

status =Configure_ HW_Analog_Trigger (deviceNumber,ND_ON 2764, 2969, mode,
ND_THE_AI_CHANNE)L

status =Select_Signal (deviceNumber,ND_IN_START_TRIGGERND_PFI_0,
ND_LOW_TO_HIGH

To calculatdowValue in the previous example, do the following:

1. Multiply 35 mV by 100 to adjust for the gain to get 3.5 V.

2. Use the following formula to map the 3.5V from the —5 V to +5 V scale to a value on the
0 to 255 (0—4,095 for the 16-bit boards) scale:

value = (3.5/5 + 1) * 128 = 218 (for the 0 to 255 case)

Use the following formula to map the 3.5 V from the —10 V to +10 V scale to a value on
the 0 to 4,095 scale:

value = (3.5/10 + 1) * 2,048 = 2,764 (for the 0 to 4,095 case)
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In general, the scaling formulas are as follows:

¢ For an analog input channel in the bipolar mode:
12-bit boards: value = (voltage/5 + 1) * 128
16-bit boards: value = (voltage/10 + 1) * 2048

« For an analog input channel in the unipolar mode:
12-bit boards: value = (voltage/10) * 256
Most 16-bit boards: value = (voltage/10 +1) * 2048
6052E boards: value = (voltage/10) * 4096

e For the PFIO/TRIGL1 pin;
12-bit boards: value = (voltage/10 + 1) *1 28
16-bit boards: value = (voltage/10 + 1) * 2048

If you apply any of the formulas and get a value equal to 256, use the value 255 instead; if you
get 4,096 with the 16-bit boards, use 4,095 instead.

You can use the following programming sequence to set up an acquisition to be triggered
using the hardware analog trigger, where the trigger source is the PFIO/TRIG1 pin:

status= Configure_ HW_Analog_Trigger (deviceNumber,ND_ONlowValue,
highValue, mode,ND_PFI_0)

status= Select_Signal (deviceNumber,ND_IN_START_TRIGGERND_PFI_0,
ND_LOW_TO_HIGH
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CTR_Config

Format
status =CTR_Config (deviceNumber, ctr, edgeMode, gateMode, outType, outPolarity)

Purpose
Specifies the counting configuration to use for a counter.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number
edgeMode i16 count rising or falling edges
gateMode i16 gating mode to be used
outType i16 type of output generated
outPolarity i16 output polarity

Parameter Discussion

ctr is the counter number.
Range: 1 through 10 for a PC-TI0O-10.

edgeModeindicates which edge of the input signal that the counter should edgefMode
must be either O or 1.

0: counter counts rising edges.

1 counter counts falling edges.

gateModeselects the gating mode to be used by the counter. There are eight different gating
modes. Each gating mode has been assigned a number between 0 and 7. The available gating
modes are as follows:

No gating used.

High-level gating of countaatr used.

Low-level gating of countestr used.

Edge-triggered gating used—rising edge of courtter

Edge-triggered gating used—falling edge of couctier

Active high on terminal count of next lower-order counter.

Active high on gate of next higher-order counter.

oahwnEO
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7:  Active high on gate of next lower-order counter.
8: Special gating.

outType selects which type of output is to be generated by the counter. The counters generate
two types of output signals: TC toggled output and TC pulse output.

0: TC toggled output type used.

1 TC pulse output type used.

outPolarity selects the output polarity used by the counter.
0: Positive logic output.
1 Negative logic (inverted) output.

Using This Function

If you select TC pulse output typajtPolarity = 0 means that NI-DAQ generates active
logic-high terminal count pulsesutPolarity = 1 means that NI-DAQ generates active
logic-low terminal count pulses.

Similarly, if you select TC toggled output type, trmrtPolarity = 0 means the OUT signal
toggles from low to high on the first TGutPolarity = 1 means the OUT signal toggles from
high to low on the first TC.

CTR_Config saves the parameters in the configuration table for the specified counter.
NI-DAQ uses this configuration table when the counter is set up for an event-counting, pulse
output, or frequency output operation. You can@sR_Config to take advantage of the

many counter modes.

The default settings for the counter configuration modes are as follows:

edgeMode= 0: Counter counts rising edges.
gateMode= 0: No gating used.

outType = 0: TC toggled output type used.
outPolarity = 0: Positive logic output used.

To change the counter configuration from this default setting, you mustiéallConfig and
indicate which configuration you want before initiating any other counter operation.

Counter configuration settings applied through this function persist when waveform
generation functions use the same counter. For example, to externally trigger a waveform
generation option, use this function to changegdtemodeto 1 (high-level gating), and then

call the waveform generation functions. The waveform generation is delayed until a
high-level signal appears on the gate pin on the /O connector. Notice that this is really not a
trigger signal but is a gating signal because the waveform generation pauses if the gate goes
low at any time. Because the Am9513 counter/timer chip has certain limitations, you cannot
usegateModes3 and 4. You are responsible for producing a signal that stays high for the
duration of the waveform generation operation.
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CTR_EvCount

Format
status =CTR_EvCount (deviceNumber, ctr, timebase, cont)

Purpose
Configures the specified counter for an event-counting operation and starts the counter.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number
timebase i16 timebase value
cont i16 whether counting continues

Parameter Discussion

ctr is the counter number.

Range: 1 through 10 for a PC-TIO-10.

timebaseselects the timebase, or resolution, to be used by the cdimetrasehas the

following possible values:

Internal 5 MHz clock used as timebase (200 ns resolution).

TC signal ofctr-1 used as timebase.

Internal 1 MHz clock used as timebase (1 ps resolution).

Internal 100 kHz clock used as timebase (10 us resolution).

Internal 10 kHz clock used as timebase (100 ps resolution).

Internal 1 kHz clock used as timebase (1 ms resolution).

Internal 100 Hz clock used as timebase (10 ms resolution).

SOURCEL1 used as timebase # &tr <5 or SOURCE 6 used as timebase

if 6 < ctr < 10.

SOURCEZ2 used as timebase # &tr <5 or SOURCE 7 used as timebase

if 6 < ctr < 10.

8: SOURCES3 used as timebase # &tr <5 or SOURCE 8 used as timebase
if 6 < ctr < 10.

9: SOURCEA4 used as timebase # &tr <5 or SOURCE 9 used as timebase
if 6 < ctr < 10.

10: SOURCES used as timebase # &tr <5 or SOURCE 10 used as timebase
if 6 < ctr < 10.

I
=
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11:

12:

13:

14:

15:

GATE 1 used as timebase i€Xtr <5 or GATEG6 used as timebase
if 6 < ctr < 10.

GATE 2 used as timebase i€Xtr <5 or GATE7 used as timebase
if 6 < ctr < 10.

GATE 3 used as timebase i€Xtr <5 or GATES8 used as timebase
if 6 < ctr < 10.

GATE 4 used as timebase i€Xtr <5 or GATE9 used as timebase
if 6 < ctr < 10.

GATE 5 used as timebase i€Xtr <5 or GATE10 used as timebase
if 6 < ctr < 10.

Settimebaseto zero to concatenate counters. tBeébaseto 1 through 5 for the counter to
count one of the five available internal signals.t®e¢baseto 6 through 15 (except 10 for
the PC-TI0-10) to provide an external signal to a counter. This external signal is then the
signal NI-DAQ counts for event counting.

contindicates whether counting continues after the counter reaches 65,535 and rolls over to
zero.cont can be either 0 or 1. ¢ont = 0, event counting stops when the counter reaches
65,535 and rolls over, in which case an overflow condition is registerashtlE 1, event

counting continues when the counter rolls over and no overflow condition is registered.
cont =1 is useful when more than one counter is concatenated for event counting.

Using This Function
CTR_EvCount configures the specified counter for an event-counting operation. The function
configures the counter to count up from zero and to use the gating mode, edge mode, output
type, and polarity as specified by th€R_Config call.

@ Note Edge gating mode does not operate properly during event countior i 1.
If cont =1, use level gating modes or no-gating mode.

Applications forCTR_EvCount are discussed iBvent-Counting Applicationis Chapter 3,
Software Overviemof theNI-DAQ User Manual for PC Compatibles.
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CTR_EvRead

Format
status =CTR_EvRead (deviceNumber, ctr, overflow, count)

Purpose

Reads the current counter total without disturbing the counting process and returns the count
and overflow conditions.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number
Output
Name Type Description
overflow *16 overflow state of the counter
count *ul6 current total of the specified counter

Parameter Discussion
ctr is the counter number.
Range: 1 through 10 for a PC-TI0O-10.

overflow returns the overflow state of the counter. A counter overflows if it counts up to
65,535 and rolls over to zero on the next courdgvérflow = 0, no overflow has occurred. If
overflow = 1, an overflow occurred. See tBpecial Considerations for Overflow Detection
section later in this function description.

countreturns the current total of the specified coustaint can be between zero and 65,535.
count represents the number of edges (either falling or rising edges, not both) that have
occurred since the counter started counting.

@ Note C Programmers-everflow andcount are pass-by-address parameters.
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Using This Function

CTR_EvReadreads the current value of the counter without disturbing the counting process
and returns the value aount. CTR_EvReadalso performs overflow detection and returns the
overflow status iroverflow. Overflow detection and the significancecofunt depend on the
counter configuration.

Special Considerations for Overflow Detection

For NI-DAQ to detect an overflow condition, you must configure the counter for TC toggled
output type and positive output polarity, and then you must configure the counter to stop
counting on overflowdont = 0 in theCTR_EvCount call). If these conditions are not met, the
value ofoverflow is meaningless. If more than one counter is concatenated for event-counting
applications, you should configure the lower-order counters to continue counting when
overflow occurs, and overflow detection is only meaningful for the highest order counter.
count, returned byYCTR_EvRead for the lower-order counters, then represents the module
65,536 event count. S&went-Counting Applicatioria Chapter 3Software Overvieyn the
NI-DAQ User Manual for PC Compatiblésr more information.
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CTR_FOUT_Config

Format
status =CTR_FOUT _Config (deviceNumber, FOUT_port, mode, timebase, division)

Purpose
Disables or enables and sets the frequency of the 4-bit programmable frequency output.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
FOUT_port i16 frequency output port
mode i16 enable or disable the programmable frequency
output
timebase i16 timebase value
division i16 divide-down factor for generating the clock

Parameter Discussion
FOUT _port is the frequency output port to be programmed.
1 For FOUT1 on the PC-TIO-10.
2: For FOUT2 on the PC-TIO-10.

mode selects whether to enable or disable the programmable frequency mdgatan be
Oor1l.

0:  The frequency output signal is turned off to a low-logic state.

1 The frequency output signal is enabled.

If mode= 0, none of the following parameters apply.

timebaseselects the timebase, or resolution, to be used by the programmable frequency
output.timebasehas the following possible values:
-1 Internal 5 MHz clock used as timebase (200 ns resolution).

1 Internal 1 MHz clock used as timebase (1 us resolution).

2: Internal 100 kHz clock used as timebase (10 us resolution).

3: Internal 10 kHz clock used as timebase (100 us resolution).

4. Internal 1 kHz clock used as timebase (1 ms resolution).

5 Internal 100 Hz clock used as timebase (10 ms resolution).
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6: SOURCEL1 used as timebas€@UT_port = 1 or SOURCE 6 used as timebase
if FOUT_port = 2.
7 SOURCEZ2 used as timebas€@UT_port = 1 or SOURCE 7 used as timebase
if FOUT_port = 2.
8: SOURCE3 used as timebas€@UT_port = 1 or SOURCE 8 used as timebase
if FOUT_port = 2.
9: SOURCEA4 used as timebas€@UT_port = 1 or SOURCE 9 used as timebase
if FOUT_port = 2.
10: SOURCEDS used as timebase@UT_port =1 or SOURCE 10 used as timebase
if FOUT_port = 2.
11: GATE 1 used as timebasd-®UT_port = 1 or GATEG6 used as timebase
if FOUT_port = 2.
12: GATE 2 used as timebasd-®UT_port = 1 or GATE7 used as timebase
if FOUT_port = 2.
13: GATE 3 used as timebasd-®UT_port = 1 or GATES8 used as timebase
if FOUT_port = 2.
14: GATE 4 used as timebasd-®UT_port = 1 or GATE9 used as timebase
if FOUT_port = 2.
15: GATE 5 used as timebasd-®UT_port = 1 or GATE10 used as timebase
if FOUT_port = 2.

division is the divide-down factor for generating the clock. The clock frequency is then equal
to (timebasefrequency)ivision.
Range: 1 through 16.

Using This Function
CTR_FOUT_Config generates a 50% duty-cycle output clock at the programmable frequency
output signal FOUT if mode = 1; otherwise, the FOUT signal is a low-logic state. The
frequency of the FOUT signal is the frequency corresponditijmabasedivided by the
division factor.

NI-DAQ FRM for PC Compatibles 2-98 www.natinst.com



CTR_Period

Chapter 2 Function Reference — CTR_Period

Format

status =CTR_Period (deviceNumber, ctr, timebase)

Purpose
Configures the specified counter for period or pulse-width measurement.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number
timebase i16 timebase value

Parameter Discussion
ctr is the counter number.

Range:

1 through 10 for a PC-TIO-10.

timebaseselects the timebase, or resolution, to be used by the cdim&drasehas the
following possible values:

-1:

10:

Internal 5 MHz clock used as timebase (200 ns resolution).

TC signal ofctr-1 used as timebase.

Internal 1 MHz clock used as timebase (1 ps resolution).

Internal 100 kHz clock used as timebase (10 us resolution).

Internal 10 kHz clock used as timebase (100 ps resolution).

Internal 1 kHz clock used as timebase (1 ms resolution).

Internal 100 Hz clock used as timebase (10 ms resolution).

SOURCEL1 used as timebase # ttr <5 or SOURCE 6 used as timebase
if 6 < ctr < 10.

SOURCEZ2 used as timebase # ttr <5 or SOURCE 7 used as timebase
if 6 < ctr < 10.

SOURCES3 used as timebase # ttr <5 or SOURCE 8 used as timebase
if 6 < ctr < 10.

SOURCEA4 used as timebase # ttr <5 or SOURCE 9 used as timebase
if 6 < ctr < 10.

SOURCES used as timebase # dtr <5 or SOURCE 10 used as timebase
if 6 < ctr < 10.
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11:

12:

13:

14:

15:

GATE 1 used as timebase i€Ltr <5 or GATEG6 used as timebase if
6<ctr <10.

GATE 2 used as timebase i€Ltr <5 or GATE7 used as timebase if
6<ctr <10.

GATE 3 used as timebase i€Xtr <5 or GATES8 used as timebase if
6<ctr <10.

GATE 4 used as timebase i€Ltr <5 or GATE9 used as timebase if
6<ctr <10.

GATE 5 used as timebase i€Xtr <5 or GATE10 used as timebase if
6<ctr <10.

Settimebaseto 0 to concatenate counters. @®ebaseto 1 through 5 for the counter to

count one of the five available internal signals.t®e¢baseto 6 through 15 (except 10 for

the PC-TI0-10) to provide an external signal to a counter. This external signal becomes the
signal NI-DAQ counts for event counting.

Using This Function
CTR_Period configures the specified counter for period and pulse-width measurement. The
function configures the counter to count up from zero and to use the gating mode, edge mode,
output type, and polarity as specified by @®R_Config call.

Applications forCTR_Period are discussed in the sectiBariod and Continuous
Pulse-Width Measurement ApplicatidnsChapter 3Software Overviemof theNI-DAQ
User Manual for PC Compatibles
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CTR_Pulse

Format
status =CTR_Pulse (deviceNumber, ctr, timebase, delay, pulseWidth)

Purpose
’ Causes the specified counter to generate a specified pulse-programmable delay and pulse
width.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number
timebase i16 timebase value
delay ulé interval before the pulse
pulseWidth ulé interval of the pulse

Parameter Discussion
ctr is the counter number.
Range: 1 through 10 for a PC-TIO-10.

timebaseselects the timebase, or resolution, to be used by the cdimérasehas the
following possible values:
-1: Internal 5 MHz clock used as timebase (200 ns resolution).
TC signal ofctr—1 used as timebase.
Internal 1 MHz clock used as timebase (1 ps resolution).
Internal 100 kHz clock used as timebase (10 us resolution).
Internal 10 kHz clock used as timebase (100 ps resolution).
Internal 1 kHz clock used as timebase (1 ms resolution).
Internal 100 Hz clock used as timebase (10 ms resolution).
SOURCEL1 used as timebase # &tr <5 or SOURCE 6 used as timebase
if 6 < ctr < 10.
SOURCEZ2 used as timebase # &tr v 5 or SOURCE 7 used as timebase
if 6 < ctr < 10.
8: SOURCES3 used as timebase # &tr <5 or SOURCE 8 used as timebase
if 6 < ctr < 10.

oahwnRO
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9: SOURCEA4 used as timebase # &tr <5 or SOURCE 9 used as timebase

if 6 <ctr <10.

10: SOURCES used as timebase £ &tr <5 or SOURCE 10 used as timebase
if 6 <ctr <10.

11: GATE 1 used as timebase i€Ltr <5 or GATEG6 used as timebase if
6<ctr <10.

12: GATE 2 used as timebase i€Ltr <5 or GATE7 used as timebase if
6<ctr <10.

13: GATE 3 used as timebase i€Xtr <5 or GATES8 used as timebase if
6<ctr <10.

14: GATE 4 used as timebase i€Ltr <5 or GATE9 used as timebase if
6<ctr <10.

15: GATE 5 used as timebase i€Ltr <5 or GATE10 used as timebase if
6<ctr <10.

Settimebaseto 0 to concatenate counters. @aebaseto 1 through 5 for the counter to use
one of the five available internal signals. Betebaseto 6 through 15 (except 10 for the
PC-TIO-10) to provide an external clock to the counter.

delayis the delay before NI-DAQ generates the pudstay can be between 3 and 65,535.
Use the following formula to determine the actual time perioddblay represents:

delay * (timebaseresolution)

pulseWidth is the width of the pulse NI-DAQ generatpsalseWidth can be between 0 and
65,535. Use the following formula to determine the actual timepilaeWidth represents:

pulseWidth * (timebaseresolution)

for 1 < pulseWidth < 65,535 pulseWidth = 0 is a special case of pulse generation and
actually generates a pulse of infinite duration (see the timing diagrams in Figures 2-9
and 2-10).

Using This Function

CTR_Pulse sets up the counter to generate a pulse of the duration specifiatséWidth,

after a time delay of the duration specifiedd®yay. If you specify no gating;TR_Pulse

starts the counter; otherwise, counter operation is controlled by the gate input. The selected
timebase determines the timing of pulse generation as shown in Figure 2-9.

You can generate successive pulses by callifig] Restart or CTR_Pulse again. Be sure

that the delay period of the previous pulse has elapsed before €alingRestart or

CTR_Pulse . A successive call waits until the previous pulse is completed before generating
the next pulse. In the case whprdseWidth = 0 and TC toggle output is used, the output
polarity toggles after every call @T'R_Restart .
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Pulse Generation Timing Considerations

Figure 2-9 shows pulse generation timing for both the TC toggled output and TC pulse output
cases. These signals are positive polarity output signals.

4—1—>] units = timebase period
1 1
1 1

Timebase WMMMM

1
1
Starting ):/
) . .
Signal i delay »E‘ pulsefwidth—»i
1 } 1
TC Toggle i k
Output |
! ——— delay - 1—! B puise_widh - 1—————>!
1 1 1
1 1 1 1 1
TC Pulse i i i . i
Output ! i 1 1
1 1

LA

0 < sync period <1

Figure 2-9. Pulse Generation Timing

An uncertainty is associated with the delay period due to counter synchronization. Counting
starts on the first timebase edgfeer NI-DAQ applies the starting signal. The time between
receipt of the starting pulse and start of pulse generation can be beteleghdnd

(delay + 1) units of the timebase in duration.
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pulseWidth = 0 generates a special case signal as shown in Figure 2-10.

Timebase f\_/_\_/_\_/_\_/_\_/_\_/—\_/_\_/\

Starting
Signal

TC Toggle
Output

TC Pulse
Output

4— 1 —» units = timebase period
1 1
1 1

delay

delay- 1

b

0 < sync period < 1

¥

11—

Figure 2-10. Pulse Timing for pulseWidth = 0
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CTR_Rate

Format
status =CTR_Rate (freq, duty, timebase, periodl, period2)

Purpose

Converts frequency and duty-cycle values of a selected square wave into the timebase and
period parameters needed for input to@®T&®_Square function that produces the square

wave.
Parameters
Input
Name Type Description
freq f64 frequency selected
duty f64 duty cycle selected
Output
Name Type Description
timebase *16 onboard source signal used
periodl *ul6 units of time that the square wave is high
period2 *ulé units of time that the square wave is low

Parameter Discussion

freq is the square wave frequency selected in cycles per second (hertz).
Range: 0.0008 through 2,500,000 Hz.

duty is the square wave duty cycle you select as a fraction. With positive output polarity and
TC toggled output selected, the fraction expressatuby describes the fraction of a single
wavelength of the square wave that is logical high.
Range: 0.0 through 1.0 noninclusive (that is, any value between, but not including,

0.0 and 1.0).

timebaseis a code that represents the resolution of the onboard source signal that the counter
uses to produce the square wave. You can input the value returtivee lbgsedirectly to the
CTR_Square function.

1 1 ps.

2: 10 ps.
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3: 100 ps.
4: 1 ms.
5: 10 ms.

period1 andperiod2 represent the number of units of time (selectetirbgbase that the
square wave is high and low, respectively. The rolgedbdl1 andperiod2 are reversed if
the output polarity is negative.

Range: 1 through 65,535.

@ Note C Programmers-timebase periodl, andperiod2 are pass-by-address parameters.

Using This Function
CTR_Rate translates a definition of a square wave in terms of frequency and duty cycle into
terms of a timebase and two period values. You can then input the timebase and period values
directly into theCTR_Square function to produce the selected square wave.

CTR_Rate emphasizes matching the frequency first and then the duty cycle. That is, if the
duty fraction is 0.5, but an odd-numbered total period is needed to produce the selected
frequency, the two periods returned@®@pR_Rate will not be equal and the duty cycle of the
square wave differs slightly from 50 percent. For exampfegdf is 40,000 Hz anduty is
0.50,CTR_Rate returns values of 1 fdimebase 13 forperiodl, and 12 foperiod2. The
resulting square wave has the frequency of 40,000 Hz but a duty fraction of 0.52.
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CTR_Reset

Format
status =CTR_Reset (deviceNumber, ctr, output)

Purpose

Turns off the specified counter operation and places the counter output drivers in the selected
output state.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number
output i16 output state of the counter OUT signal driver

Parameter Discussion

ctr is the counter number.
Range: 1 through 10 for a PC-TIO-10.

output indicates the output state of the counter OUT signal dowgput can be between 0
and 2 and represents three choices of output state.

0: Set OUT signal driver to high-impedance state.

1 Set OUT signal driver to low-logic state.

2: Set OUT signal driver to high-logic state.

Using This Function

CTR_Reset causes the specified counter to terminate its current operation, clears the counter
mode, and places the counter OUT driver in the specified output state. When a counter has
performed an operation (a square wave, for example), you musTRBs®eset to stop and

clear the counter before setting it up for any subsequent operation of a different type (event
counting, for example). You also can @SER_Reset to change the output state of an

idle counter.
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CTR_Restart

Format
status = CTR_Restart (deviceNumber, ctr)

Purpose
Restarts operation of the specified counter.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number

Parameter Discussion
ctr is the counter number.
Range: 1 through 10 for a PC-TIO-10.

Using This Function

You can us&TR_Restart after aCTR_Stop operation to allow the suspended counter to
resume. If the specified counter was never set up for an opel@iiRnRestart returns an

error.

You also can Us€TR_Restart after aCTR_Pulse operation to generate additional pulses.

CTR_Pulse generates the first pulse. In this case, do noilGda@ Restart
previous pulse has completed.
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Format

status =CTR_Simul_Op (deviceNumber, numcCitrs, ctrList, mode)

Purpose
Configures and simultaneously starts and stops multiple counters.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
numcCtrs i16 number of counters to operate
ctrList [i16] array of counter numbers
mode i16 operating mode

Parameter Discussion

numcCtrs is the number of counters to which the operation is performed.

Range: 1 through 10.

ctrList is an array of integers of simsemCitrs containing the counter numbers of the counters
for performing the operation.
Range: 1 through 10 for a PC-TIO-10.

@ Note By default, counters are not reserved for simultaneous operations.

modeis the operating mode to be performed by this call.

0: Cancel reservation of counters specifiedtnhist .

1 Reserve counters specifiectinList for simultaneous start, restart, stop, or count
latch operation.

2: Perform a simultaneous start/restart on the counters specifiadlist .

3: Perform a simultaneous stop on the counters specifigtdLiist .

4. Perform a simultaneous count latch on the counters specifoédish. The
counters must have been started by a previous czllRoEvCount. The counts
can be retrieved one at a time by subsequent caliSRoEvRead
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Note Itis not necessary to ca&iTR_Simul_Op with mode set to 1 before calling
CTR_Simul_Op with mode set to 4. That is, you can start two or more counters at different
times and still latch their counts at the same time.

Using This Function
You can start multiple counters simultaneously for any combination of event counting, square
wave generation, or pulse generation. The following sequence is an example of using

CTR_Simul_Op:

1. Specify the counters to use by putting their counter numbers inttrithist array.

2. CallCTR_Simul_Op with mode= 1 to reserve these counters.

3. Set up the counters by calli@q@R_EvCount, CTR_Period , CTR_Square, Or
CTR_Pulse for each reserved counter. Because these counters are reserved, they will
not start immediately by those calls.
CallCTR_Simul_Op with mode= 2 to start these counters.

5. CallCTR_Simul_Op with mode= 3 to stop these counters.

6. CallCTR_Simul_Op with mode= 0 to free counters for non-simultaneous operations.

You can simultaneously stop counters from perforn@img_EvCount, CTR_Period
CTR_Square, orCTR_Pulse regardless of whether they were started€®BiR_Simul_Op .

Trying to start unreserved counters simultaneously causes this function to return an error.

Call CTR_Simul_Op with mode= 0 to cancel the reserved status of counters specified in
ctrlList .

Note On the PC-TIO-10, the 10 counters are included on two counter/timer chips. These
counter/timer chips are programmed sequentially. Simultaneous start-and-stop operations
that specify counters from both chips experience a delay between the counters on the first
chip (counters 1 through 5) and those on the second chip (counters 6 through 10). NI-DAQ
returns a warning condition.
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CTR_Square

Format
status = CTR_Square (deviceNumber, ctr, timebase, periodl, period?2)

Purpose
Causes the specified counter to generate a continuous square wave output of specified duty
cycle and frequency.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility
ctr i16 counter number

timebase i16 timebase value

periodl ulé period of the square wave
period2 ulé period of the square wave

Parameter Discussion
ctr is the counter number.
Range: 1 through 10 for a PC-TIO-10.

timebaseis the timebase, or resolution, to be used by the cotimebasehas the following
possible values:
-1: Internal 5 MHz clock used as timebase (200 ns resolution).
TC signal ofctr—1 used as timebase.
Internal 1 MHz clock used as timebase (1 ps resolution).
Internal 100 kHz clock used as timebase (10 us resolution).
Internal 10 kHz clock used as timebase (100 ps resolution).
Internal 1 kHz clock used as timebase (1 ms resolution).
Internal 100 Hz clock used as timebase (10 ms resolution).
SOURCEL1 used as timebase # &tr <5 or SOURCE 6 used as timebase
if 6 < ctr < 10.
SOURCEZ2 used as timebase # &tr <5 or SOURCE 7 used as timebase
if 6 < ctr < 10.
8: SOURCES3 used as timebase # &tr v 5 or SOURCE 8 used as timebase
if 6 < ctr < 10.

oahwnRO

N
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9: SOURCEA4 used as timebase # &tr <5 or SOURCE 9 used as timebase

if 6 <ctr <10.

10: SOURCES used as timebase £ &tr <5 or SOURCE 10 used as timebase
if 6 <ctr <10.

11: GATE 1 used as timebase i€Ltr <5 or GATEG6 used as timebase if
6<ctr <10.

12: GATE 2 used as timebase i€Ltr <5 or GATE7 used as timebase if
6<ctr <10.

13: GATE 3 used as timebase i€Xtr <5 or GATES8 used as timebase if
6<ctr <10.

14: GATE 4 used as timebase i€Ltr <5 or GATE9 used as timebase if
6<ctr <10.

15: GATE 5 used as timebase i€Ltr <5 or GATE10 used as timebase if
6<ctr <10.

Settimebaseto 0 to concatenate counters. @aebaseto 1 through 5 for the counter to use
one of the five available internal signals. Betebaseto 6 through 15 (except 10 for the
PC-TIO-10) to provide an external clock to the counter.

periodl andperiod2 specify the two periods making up the square wave to be generated. For
TC toggled output type and positive output polapsfiodl indicates the duration of the
on-cycle (high-logic state) ammkriod2 indicates the duration of the off-cycle (low-logic

state).

Range: 1 through 65,535.

Using This Function

CTR_Square sets up the counter to generate a square wave of duration and frequency
determined byeriodl, period2, andtimebase If you specify no gating, the function
initiates square wave generation; otherwise, counter operation is controlled by the gate input.

The total period of the square wave is determined by the following formula:
(periodl + period?2) * (timebaseperiod)

This implies that the frequency of the square wave is as follows:
1/(period1 + period?2) * (timebaseperiod)

The percent duty cycle of the square wave is determined by the following formula:
period 1/(periodl + period2) * 100%

Figure 2-11 shows the timing of square wave generation for both TC toggled output and TC

pulse output. For this exampleeriodl = 3 andperiod2 = 2. The output signals shown are
positive polarity output signals.
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When you use special gatinggfeMode= 8), you can achieve gate-controlled pulse
generation. When the gate input is high, NI-DAQ ys&$od1 to generate the pulses. When
the gate input is low, NI-DAQ usgeriod2 to generate the pulses. If the output mode is TC
Toggled, the result is two 50% duty square waves of difference frequencies. If the output
mode is TC Pulse, the result is two pulse trains of different frequencies.

(€¢— 1 —» units = timebase period
1 1

LAY AVAVAVAVAVAVAVAVAWAN
Starting E
Signal // /

periodl

TC Toggle
Output

periodl-1 period2-1

Output : i i i :

i — 1 —P < 1P

B

0 < sync period <1

Figure 2-11. Square Wave Timing

Square Wave Generation Timing Considerations
There is an uncertainty associated with the beginning of square wave generation due to
counter synchronization. Square wave generation starts on the first timebaaéerdge
NI-DAQ applies the starting signal. The time between receipt of the starting signal and the
start of the square wave generation can be between 0 and 1 units of the timebase in duration.

You should not use edge gating with square wave generation. If you use edge gating,
the waveform stops aft@eriodl expires and then continues for one total period

(period2 + periodl) only after NI-DAQ applies another edge. For continuous square wave
generation, use level or no gating.

© National Instruments Corporation 2-113 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference — CTR_State

CTR_State

Format
status =CTR_State (deviceNumber, ctr, outState)

Purpose
Returns the OUT logic level of the specified counter.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number
Output
Name Type Description
outState *16 returns the logic level of the counter OUT signal

Parameter Discussion
ctr is the counter number.
Range: 1 through 10 for a PC-TIO-10.

outState returns the logic level of the counter OUT siguaitStateis either 0 or 1.
0: Indicates that OUT is at a low-logic state.
1 Indicates that OUT is at a high-logic state.

@ Note C Programmers-eutStateis a pass-by-address parameter.
Using This Function
CTR_State reads the logic state of the OUT signal of the specified counter and returns the

state inoutState. If the counter OUT driver is set to the high-impedance statStateis
indeterminate and can be either 0 or 1.
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CTR_Stop

Format
status =CTR_Stop (deviceNumber, ctr)

Purpose
Suspends operation of the specified counter so that you can restart the counter operation.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number

Parameter Discussion

ctr is the counter number.
Range: 1 through 10 for a PC-TIO-10.

Using This Function
CTR_Stop suspends the operation of the counter in such a way that the counter can be
restarted bYCTR_Restart and continue in its operation. For example, if a counter is set up
for frequency output, issuingTR_Stop causes the counter to stop generating a square wave,
andCTR_Restart allows it to resumeCTR_Stop causes the counter output to remain at the
state it was in whe@TR_Stop was issued.period

@ Note Because of hardware limitatiorGTR_Stop cannot stop a counter generating a
square wave witperiod 1 of 1 andperiod 2 of 1.
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DAQ_Check

Format
status =DAQ_Check (deviceNumber, dagStopped, retrieved)

Purpose

Checks whether the current DAQ operation is complete and returns the status and the number
of samples acquired to that point.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
Output
Name Type Description
daqStopped *16 indication of whether the data acquisition has
completed
retrieved *u32 progress of an acquisition

Parameter Discussion
dagStoppedreturns an indication of whether the data acquisition has completed.
0: The DAQ operation is not yet complete.
1 The DAQ operation has stopped. Either the buffer is full, or an error has occurred.

retrieved indicates the progress of an acquisition. The meaningtoéved depends

on whether pretrigger mode has been enableddg®e StopTrigger_Config ). If

pretrigger mode is disablegtrieved returns the number of samples collected by the
acquisition at the time of the call BAQ_Check The value ofetrieved increases until

it equals thecount indicated in the call that initiated the acquisition, at which time the
acquisition terminates. However, if pretrigger mode is enalgéribved returns the offset of

the position in your buffer where the next data point is placed when it is acquired. When the
value ofretrieved reachesount—1 and rolls over to 0, the acquisition begins to overwrite old
data with new data. When NI-DAQ applies a signal to the stop trigger input, the acquisition
collects an additional number of samples indicateptbgfterStoptrig in the call to
DAQ_StopTrigger_Config and then terminates. WhemQ_Checkreturns a status of 1,
retrieved contains the offset of the oldest data point in the array (assuming that the
acquisition has written to the entire buffer at least once). In pretrigger maQeCheck
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automatically rearranges the array upon completion of the acquisition so that the oldest data
point is at the beginning of the array. Thigtrieved always equals 0 upon completion of a
pretrigger mode acquisition.

@ Note C Programmers-dagStoppedandretrieved are pass-by-address parameters.

Using This Function
DAQ_Check checks the current background DAQ operation to determine whether it has
completed and returns the number of samples acquired at the time that you called
DAQ_Check If the operation is completBAQ_Check setsdaqStopped= 1. Otherwise,
daqgStoppedis set to 0. BeforBAQ_Check returnsdaqStopped= 1, it callsDAQ_Clear,
allowing another Start call to execute immediately.

If DAQ_Checkreturns aroverFlowError or anoverRunError, the DAQ operation is
terminated; some A/D conversions were lost due to a sample rate that is too high (sample
interval was too small). AaverFlowError indicates that the A/D FIFO memory overflowed
because the DAQ servicing operation was not able to keep up with sample rate. An
overRunError indicates that the DAQ circuitry was not able to keep up with the sample rate.
Before returning either of these error cod®sQ_Check callsDAQ_Clear to terminate the
operation and reinitialize the DAQ circuitry.
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DAQ_Clear

Format

status =DAQ_Clear (deviceNumber)

Purpose

Cancels the current DAQ operation (both single-channel and multiple-channel scanned) and

reinitializes the DAQ circuitry.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility

Using This Function

DAQ_Clear turns off any current DAQ operation (both single-channel and multiple-channel),
cancels the background process that is handling the data acquisition, and clears any error flags
set as a result of the data acquisition. NI-DAQ then reinitializes the DAQ circuitry so that

NI-DAQ can start another data acquisition.

@ Note If your application callDAQ_Start , SCAN_Start , orLab_ISCAN_Start
make sure that you c@llAQ_Clear before your application terminates and returns control
to the operating system. Unpredictable behavior can result unless you make this call (either

, always

directly, or indirectly througlbAQ_Check Lab_ISCAN_Check , or DAQ_DB_Transfer ).
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DAQ_Config

Format
status =DAQ_Config (deviceNumber, startTrig, extConv)

Purpose
Stores configuration information for subsequent DAQ operations.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
startTrig i16 determines whether the trigger to initiate data
acquisition is generated externally
extConv i16 selects A/D conversion clock source

Parameter Discussion

startTrig indicates whether the trigger to initiate DAQ sequences is generated externally.

0: Generate software trigger to start DAQ sequence (the default).

1:  Wait for external trigger pulse at EXTTRIG of the Lab and 1200 Series devices
to initiate DAQ sequence (not valid for 516 and LPM devices and the
DAQCard-500/700).

extConv indicates whether the timing of A/D conversions during the DAQ sequence is
controlled externally or internally with the sample-interval and/or scan-interval clocks.

0: Use onboard clock to control data acquisition sample-interval and scan-interval
timing (the default).

1 Allow external clock to control sample-interval timing.

2. Allow external clock to control scan-interval timing (MIO, Al, and Lab and
1200 Series devices only).

3: Allow external control of sample-interval timing and scan-interval timing
(Lab and 1200 Series devices only).

@ Note If you are using an E Series or DSA device, sesihert Signal function for
information about the external timing signals.
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Using This Function
DAQ_Config saves the parameters in the configuration table for future data acquisition.
DAQ_Start andSCAN_Start use the configuration table to set the DAQ circuitry to the
correct timing modes.

If both startTrig andextConvare 0, A/D conversions begin as soon as yoweall_Start ,
SCAN_Start , orLab_ISCAN_Start . WhenstartTrig is 1, A/D conversions do not begin

until NI-DAQ receives an external trigger pulse. In the latter case, the Start call merely arms
the device. If you are using all E Series devices, segdhet _Signal  function for
information about the external timing signals. When the A/D conversions have begun (with
the start trigger), the onboard counters control the timing of the conversions extfGenv

is 1, the timing of A/D conversions is completely controlled by the signal applied at the
EXTCONV* input. Again, the Start call merely arms the device, and after you make this
call, the device performs an A/D conversion every time NI-DAQ receives a pulse at the
EXTCONV* input. WhenextConvis 2, the device performs a multiple-channel scan each
time the device receives an active low pulse at the COUTBL1 signal (pin 43) on Lab and
1200 Series devices.

On the E Series, Lab, and 1200 Series devices, you can configure external start triggering and
the external sample clock simultaneously.

¢ Lab and 1200 Series devices only:

In most cases, you should not use external conversion pulses in scanning operations when you
are using SCXI in Multiplexed mode. There is no way of masking conversions before the data
acquisition begins, so any conversion pulses that occur before NI-DAQ triggers the
acquisition will advance the SCXI channels.

¢ Lab and 1200 Series devices only:

If the device is using an external timing clock for A/D conversiexgJonv = 1), the first
clock pulse after one of the three start calld—Setup , DAQ_Start , or

Lab_ISCAN_Start —is to activate the device for external timing. It does not generate a
conversion. However, all subsequent clock pulses will generate conversions.

¢ E Series devices only:

If you use this function witlstartTrig = 1, the device waits for an active low external pulse
on the PFIO pin to initiate the DAQ sequence. If you use this functiorewi@onv =1 or 3,

the device uses active low pulses on the PFI2 pin for sample-interval timing. If you use this
function withextConv = 2 or 3, the device uses active low pulses on the PFI7 pin for
scan-interval timing. You can use thelect_Signal function instead of this function to

take advantage of the DAQ-STC signal routing and polarity selection features.

NI-DAQ FRM for PC Compatibles 2-120 www.natinst.com



Chapter 2 Function Reference — DAQ_Config

@ Note PCI-6110E and PCI-6111E only—The only allowed valuesftConvare 0 and 2.
The conversions occur simultaneously for all channels and are controlled by the scan
interval.

The DSA devices cannot use externally controlled clockex&oonv is ignored.

The default settings for DAQ modes are as follows:
startTrig = 0: DAQ sequences are initiated through software.
extConv = 0: Onboard clock is used to time A/D conversions.

If you want a DAQ timing configuration different from the default setting, you must call
DAQ_Config with the configuration you want before initiating any DAQ sequences. You need
to callDAQ_Config only when you change the DAQ configuration from the default setting.

To scan channels on an SCXI-1140 module using an external Track*/Hold signal, you should
callDAQ_Config with extConv = 2 so that the Track*/Hold signal of the module can control
the scan interval timing during the acquisition.

The configuration information for the analog input circuitry is controlled by the
Al_Configure  call. This configuration information also affects data acquisition.
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DAQ_DB_Config

Format
status =DAQ_DB_Config (deviceNumber, DBmode)

Purpose
Enables or disables double-buffered DAQ operations.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
DBmode i16 enable or disable double-buffered mode

Parameter Discussion
DBmodeindicates whether to enable or disable the double-buffered mode of acquisition.
0: Disable double buffering (default).
1 Enable double buffering.

Using This Function
Double-buffered data acquisition cyclically fills a buffer with acquired data. The buffer is
divided into two equal halves so that NI-DAQ can save data from one half while filling the
other half. This mechanism makes it necessary to alternately save both halves of the buffer
so that NI-DAQ does not overwrite data in the buffer before saving the data. Use the
DAQ _DB_Transfer function to save the data as NI-DAQ acquires it. For additional
information, see Chapter BlI-DAQ Double Bufferingof theNI-DAQ User Manual for
PC Compatiblesfor more information.
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DAQ_DB_HalfReady

Format
status =DAQ_DB_HalfReady (deviceNumber, halfReady, daqStopped)

Purpose

Checks whether the next half buffer of data is available during a double-buffered data
acquisition. You can useAQ_DB_HalfReady to avoid the waiting period that can occur
because the double-buffered transfer functim@ DB_Transfer ) waits until the data is
ready before retrieving and returning it.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
Output
Name Type Description
halfReady *i16 whether the next half buffer of data is available
dagStopped *i16 whether the data acquisition has completed

Parameter Discussion
halfReady indicates whether the next half buffer of data is available.

0: Data is not yet available.
1: UseDAQ_DB_Transfer to retrieve the data immediately.

dagstoppedreturns an indication of whether the data acquisition has completed.
0: The DAQ operation is still running.
1: The DAQ operation is complete (or halted due to an error).

@ Note C Programmers-halfReady anddagStoppedare pass-by-address parameters.
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Using This Function
Double-buffered data acquisition cyclically fills a buffer with acquired data. The buffer is
divided into two equal halves so that NI-DAQ can save data from one half while filling the
other half. This mechanism makes it necessary to alternately save both halves of the buffer
so that NI-DAQ does not overwrite data in the buffer before saving the data. Use the
DAQ _DB_Transfer function to save the data as NI-DAQ acquires it. This function, when
called, waits for the data to become available before retrieving it and returning. During slower
paced acquisitions this waiting period can be significant. You caDAReDB_HalfReady
to ensure that the transfer function is called only when the data is already available.
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DAQ_DB_Transfer

Format
status =DAQ_DB_Transfer (deviceNumber, halfBuffer, ptsTfr, dagStopped)

Purpose
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 exeddt&) DB_Transfer repeatedly to return
sequential half buffers of the data.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
Input/Output
Name Type Description
halfBuffer [i16] integer array to which the data is to be transferred
Output
Name Type Description
ptsTfr u32 number of points transferred
dagStopped i16 indicates the completion of a pretrigger mode
acquisition

Parameter Discussion
halfBuffer is an integer array. The size of the array must be at least half the size of the circular
buffer being used for double-buffered data acquisition.

ptsTfr is the number of points transferrech@fBuffer. This value is always equal to half

the number of samples specifiedifQ_Start , SCAN_Start , orLab_ISCAN_Start unless

the acquisition has not yet begun, or the acquisition stopped while in pretrigger mode. In the
former case, until NI-DAQ applies an external start triggesTfr is zero. In the latter case
(pretrigger mode), the acquisition can stop at any point in the circular buffer after acquiring
the specified number of samples after the board receives a pulse at stop trigger input, the
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EXTTRIG pin of Lab and 1200 Series devices. If you are using all E Series devices, see the
Select_Signal  function for information about the external timing signals. Thus, after the
acquisition has stopped, the last transfer of datalfBuffer contains the number of valid
points from the half of the circular buffer where acquisition stopped.

dagStoppedis a valid output parameter only if pretrigger mode acquisition is in progress.
This parameter indicates the completion of a pretrigger mode acquisition by returning a one
(it returns zero otherwise). A one indicates that the acquisition has stopped after taking the
specified number of samples following the occurrence of a stop trigger, and that NI-DAQ has
transferred the last piece of data in the circular buffeattBuffer. The number of data

points transferred tbalfBuffer, as always, is equal fsTfr.

Note C Programmers-ptsTfr anddaqStoppedmust be passed by reference.

Using this Function

Double-buffered data acquisition cyclically fills a buffer with acquired data. The circular
buffer is divided into two equal halves so that NI-DAQ can save data from one half while
filling the other half. Through the use of a circular buffer, you can collect an unlimited amount
of data without requiring an unlimited amount of memory. Double-buffered data acquisition
is useful for applications such as writing data to disk and real-time display of data. NI-DAQ
can use double-buffered data acquisition for both single-channel and multiple-channel
scanned data acquisition. Unless pretrigger mode is in use, you shold@atlear to

stop the continuous cyclical double-buffered acquisition startexhQy Start ,

SCAN_Start , orLab_ISCAN_Start

DAQ_DB_Transfer saves tdalfBuffer one half of the data from the buffer being used for
acquisition. AnoverWriteBeforeCopy warning is returned bpAQ_DB_Transfer if

NI-DAQ has overwritten unretrieved data in the circular buffer. Notice that NI-DAQ transfers
the data, even though it returns the warning. Your application might initiate a double-buffered
acquisition and then wait for some condition to be satisfied before beginning retrieval of the
data. The first call to theB_Transfer function might return the warning because the
circular buffer might have wrapped around at least once since the acquisition started. If
subsequendAQ_DB_Transfer calls keep pace with the acquisition, no further
overWriteBeforeCopy warnings should occur.

DAQ_DB_Transfer returns an overwrite error if NI-DAQ overwrites data in the half of the
circular buffer being copied twalfBuffer during the transfer. When this error occurs, the data
in halfBuffer might be corrupted. U4eAQ_Monitor for very large buffers.
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Format

status =DAQ_Monitor (deviceNumber, channel, sequential, numPts, monitorBuffer,

Purpose

newestPtindex, dagStopped)

Returns data from an asynchronous data acquisition in progress. During a multiple-channel
acquisition, you can retrieve data from a single channel or from all channels being scanned.
An oldest/newest mode provides for return of sequential (oldest) blocks of data or return of

the most recently acquired (newest) blocks of data.

Dr

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
channel i16 number of the channel
sequential i16 enables or disables the return of consecutive (
oldest blocks of data
numPts u32 number of data points you want to retrieve
Output
Name Type Description
monitorBuffer [i16] destination buffer for the data
newestPtindex *u32 offset into the acquisition buffer of the newest
point returned
dagStopped *16 indicates whether the data acquisition has
completed

Parameter Discussion

channelis the number of the channel you want to examine. You can choosehaseélto
a value of —1 to indicate that you want to examine data from all channels being scanned. If
channelis not equal to —Ichannelmust be equal to the channel selectedA®_Start ,
equal to one of the channels selecte®idAN_Setup, or equal to one of the channels implied
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in Lab_ISCAN_Start . If you are using an AMUX-64Thannelcan be equal to any one of
the AMUX-64T channels.
Range: —1 for data from all channels being sampled.

n wheren is one of the channels being sampled.

sequentialis a flag that enables or disables the return of consecutive or oldest blocks of data
from the acquisition buffer. A call AQ_Monitor with the value ofequentialequal to one
returns a block of data that begins where the last sequential balitavionitor left off.
A call to DAQ_Monitor with sequentialequal to zero returns the most recent block of data
available.

0: Most recent data.

1: Consecutive data.

numPts is the number of data points you want to retrieve from the buffer being used by the
acquisition operation. If thehannelparameter is equal to 4lumPts must be an integer
multiple of the number of channels contained in the scan sequence. If you are using one or
more AMUX-64T devices, remember that the actual number of channels scanned is equal to
the value of th@umChans parameter you selected$SCAN_Setup, multiplied by the
number of AMUX-64T devices, multiplied by four.
Range: (ifchannelequals —1) one to the valuecofuntin theDAQ_Start , SCAN_Start ,
orLab_ISCAN_Start call.
(if channelis not equal to 1) one to the number of points per channel that the
acquisition buffer can hold.

monitorBuffer is the destination buffer for the data. It is an integer amapitorBuffer
must be at least big enough to holdnPts worth of data. Upon the return DAQ_Monitor ,
monitorBuffer contains anapshobf a portion of the acquisition buffer.

newestPtindexis the offset into the acquisition buffer of the newest point returned by
DAQ_Monitor . When the value of theequentialflag is 0,newestPtindexis useful in
determining whether you are seeing the same data over and over apa@. tiuffer

is the name of the buffer selected in wQ_Start call, for example,

monitorBuffer [numPts— 1] =DAQ_buffer [newestPtindey, if DAQ_buffer is

zero based.

daqgStoppedreturns an indication of whether the data acquisition has completed.
0: The DAQ operation is not yet complete.
1 The DAQ operation has completed (or halted due to an error).

Note C Programmers-rewestPtindexanddagStoppedare pass-by-address
parameters.
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Using This Function
DAQ_Monitor is intended to return small blocks of data from a background acquisition
operation. This is especially useful when you have put the acquisition in a circular mode
by enabling either the double-buffered or pretrigger modes. The operation is not disturbed,;
NI-DAQ only reads data from the buffer being used by the acquisition. If the amount of data
requested is not yet availabldQ_Monitor returns the appropriate error code. Possible uses
for DAQ_Monitor include deciding when to halt an acquisition based on a level, slope, or
peak. If you are usingAQ_Monitor to retrieve sequential data (during a circular acquisition)
and NI-DAQ overwrites a block of data before it can copy the data, NI-DAQ returns an
overWriteError warning.DAQ_Monitor then restarts sequential retrieval with the most
recently acquired block of dat2AQ_Monitor is also useful for returning data from huge
buffers because it is not restricted to one-half of the circular buffer size, unlike
DAQ_DB_Transfer .

If NI-DAQ overwrites a block of data as it is copiednonitorBuffer , NI-DAQ returns the
overWriteError error. The data imonitorBuffer might be corrupted if NI-DAQ returns this
error.
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DAQ_Op

Format
status =DAQ_Op(deviceNumber, chan, gain, buffer, count, sampleRate)

Purpose

Performs a synchronous, single-channel DAQ operabiaQ. Opdoes not return until
NI-DAQ has acquired all the data or an acquisition error has occurred.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog input channel number
gain i16 gain setting to be used
count u32 number of samples to be acquired
sampleRate f64 desired sample rate in units of pts/s
Input/Output
Name Type Description
buffer [116] conversion samples returned

Parameter Discussion

chanis the analog input channel number. If you are using SCXI, you must use the appropriate
analog input channel on the DAQ device that corresponds to the SCXI channel you want.
Select the SCXI channel usisgXI_Single_Chan_Setup  before calling this function.
Refer to theNI-DAQ User Manual for PC Compatiblésr more information on SCXI
channel assignments.
Range: See Table B-Yalid Analog Input Channel Settinga Appendix B,Analog

Input Channel, Gain Settings, and Voltage Calculation

gainis the gain setting to be used for that channel. This gain setting applies only to the DAQ
device; if you are using SCXI, you must establish any gain you want at the SCXI module by
setting jumpers on the module or by callB@XI_Set Gain . Refer to Appendix BAnalog

Input Channel, Gain Settings, and Voltage Calculationvalid gain settings. If you use an

NI-DAQ FRM for PC Compatibles 2-130 www.natinst.com



Chapter 2 Function Reference — DAQ_Op

invalid gain, NI-DAQ returns an error. NI-DAQ ignorgain for 516 and LPM devices and
the DAQCard-500/700.

buffer is an integer arrafauffer has a length equal to or greater thaont. WhenDAQ_Op
returns with an error number equal to zdrnaffer contains the acquired data.

countis the number of samples to be acquired (that is, the number of A/D conversions to be
performed).
Range: 3 through32— 1 (except for the Lab and 1200 Series and E Series devices).
3 through 65,535 (Lab and 1200 Series devices).
2 through 24 (E Series devices).
2 through 24— 3 (PCI-6110E and PCI-6111E) requires an even number of
samples.
2 through 24— 1 (445 devices).
2 through 22— 1 (45X devices).

sampleRateis the sample rate you want in, units of pts/s.
Range: Roughly 0.00153 pts/s through 5,000,000 pts/s. The maximum rate depends on
the type of device.

@ Note If you are using an SCXI-1200 with remote SCXI, the maximum rate depends on the
baud rate setting and count. Refer to$@XI-1200 User Manudbr more details.

Using This Function
DAQ_Opinitiates a synchronous process of acquiring A/D conversion samples and storing
them in a buffeDAQ_Opdoes not return control to your application until NI-DAQ acquires
all the samples you want (or until an acquisition error occurs). When you are using posttrigger
mode (with pretrigger mode disabled), the process stotest A/D conversions in the buffer
and ignores any subsequent conversions.

@ Note If you have selected external start triggering of the DAQ operation, a low-to-high
edge at the EXTTRIG input of the Lab and 1200 Series devices initiates the DAQ
operation. If you are using an E Series device or DSA device, you need to apply a trigger
that you select through tiszlect_Signal or DAQ_Config functions to initiate data
acquisition. Be aware that if you do not apply the start triqe®_Opdoes not return
control to your application. OtherwisBAQ_Opssues a software trigger to initiate the
DAQ operation.
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If you have enabled pretrigger mode, the sample counter does not begin counting acquisitions
until you apply a signal at the stop trigger input. Until you apply this signal, the acquisition
remains in a cyclical mode, continually overwriting old data in the buffer with new data.
Again, if you do not apply the stop trigg&®Q_Opdoes not return control to your

application.

In any case, you can uSineout_Config  to establish a maximum length of time for
DAQ_Opto execute.
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DAQ_Rate

Format
status =DAQ_Rate (rate, units, timebase, samplelnterval)

Purpose
’ Converts a DAQ rate into the timebase and sample-interval values needed to produce the rate
you want.
Parameters
Input
Name Type Description
rate f64 desired DAQ rate
units i16 pts/s or s/pt (se€TR_Rate)
Output
Name Type Description
timebase *i16 onboard source signal used
samplelnterval *ul6 number of timebase units that elapse between
consecutive A/D conversions

Parameter Discussion

rate is the DAQ rate you want. The units in whitte is expressed are either points per
second (pts/s) or seconds per point (s/pt), depending on the valuaipitthearameter.
Range: Roughly 0.00153 pts/s through 5,000,000 pts/s or 655 s/pt through 0.000001 s/pt.

units indicates the units used to expreste.
0: points per second.
1 seconds per point.

timebaseis a code representing the resolution of the onboard clock signal that the device uses
to produce the acquisition rate you want. You can input the value returtiedelmase
directly toDAQ_Start , Lab_ISCAN_Start , or SCAN_Start . timebasehas the following
possible values:
-3 20 MHz clock used as the timebase (50 ns) (E Series only).
-1 200 ns (E Series devices only).
1 1 ps.
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10 ps.
100 ps.
1 ms.
10 ms.

samplelnterval is the number of timebase units that elapse between consecutive A/D
conversions. The combination of the timebase resolution value asdrtipdelnterval
produces the DAQ rate you want.

Range: 2 through 65,535.

Note C Programmers-timebaseandsamplelnterval are pass-by-address parameters.

Using This Function

DAQ_Rate produces timebase and sample-interval values to closely match the DAQ rate you
want. To calculate the actual acquisition rate produced by these values, first determine the
clock resolution that corresponds to the valoeebasereturns. Then use the appropriate
formula, depending on the value specified for units.

units = 0 (pts/s):

actual rate = 1/(clock resolutionrsamplelnterval)
units = 1 (s/pt):

actual rate = clock resolutionsamplelnterval
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DAQ_Set Clock

Format
status =DAQ_Set Clock (deviceNumber, group, whichClock, desiredRate, units, actualRate)

Purpose
Sets the scan rate for a group of channels (DSA devices only).

Input
Name Type Description
deviceNumber i16 assigned by configuration utility
whichClock u32 only scan clock supported
desiredRate f64 desired rate in units
units u32 ticks/second or secondsi/tick
Output
Name Type Description
actualRate *f64 actual rate in units

Parameter Discussion

whichClock indicates the type of clock.
0: scan clock.

desiredRateis the rate at which you want data points to be sampled by the ADC(s).

units determines howlesiredRateandactualRate are interpreted.
0: points per second.
1 seconds per point.

actualRateis the rate at which the ADCs produce samples. The capabilities of your device
will determine how closelgctualRate matchesgesiredRate The DSA devices use the same

base clock for botbAQ/SCANandWFMperations so the rates available fara/SCANwill
be restricted if &/FMoperation is already in progress.

@ Note C programmers-actualRateis a pass-by-address parameter.
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Using This Function

DAQ_Set_Clock sets the specified clock rate for the next acquisition operation. Be sure to
call DAQ_Set_Clock beforeDAQ_Start or SCAN_Start . When calling those functions,
thetimebaseandinterval parameters will be ignored.
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DAQ_Start

Format
status =DAQ_Start (deviceNumber, chan, gain, buffer, count, timebase, samplinterval)

Purpose
Initiates an asynchronous, single-channel DAQ operation and stores its input in an array.

Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog input channel number
gain i16 gain setting
count u32 number of samples thatffer can hold at any
given time.
timebase i16 timebase value
samplnterval ulé sample interval
Input/Output
Name Type Description
buffer [i16] conversion samples returned

Parameter Discussion

chanis the analog input channel number. If you are using SCXI, you must use the appropriate
analog input channel on the DAQ device that corresponds to the SCXI channel you want.
Select the SCXI channel usisgXI_Single_Chan_Setup  before calling this function.
Refer to theNI-DAQ User Manual for PC Compatiblésr more information on SCXI
channel assignments.
Range: See Table B-Yalid Analog Input Channel Settinga Appendix B,Analog

Input Channel, Gain Settings, and Voltage Calculation

gainis the gain setting to be used for that channel. This gain setting applies only to the DAQ
device; if you are using SCXI, you must establish any gain you want at the SCXI module
either by setting jumpers on the module or by calicI_Set_Gain . Refer to Appendix B,
Analog Input Channel, Gain Settings, and Voltage Calculafmmvalid gain settings. If you
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use invalid gain settings, NI-DAQ returns an error. NI-DAQ igngees for the 516 and LPM
devices and DAQCard-500/700.

buffer is an integer arrajpuffer must have a length equal to or greater t@mt. The

elements obuffer are the results of each A/D conversion in the DAQ operation. This buffer
is often referred to as the acquisition buffer (or circular buffer when double-buffered mode is
enabled) elsewhere in this manual.

For DSA deviceshuffer should be an array of type i32. These devices return the data in a
32-bit format in which the data bits are in the most significant bits.

count is the number of unique samples thaffer can hold at any given time. In a
single-buffered acquisitiorrount actually corresponds to the size (in number of samples)
that the DAQ device will acquire. In a double-buffered acquisiioant corresponds to the
size (in number of samples) bidiffer (acquisition buffer) that will be filled up in a circular
fashion. It must also be even.
Range: 3 through32- 1 (except Lab and 1200 Series devices that are not enabled for

doubled-buffered mode and the E Series devices).

3 through 65,535 (Lab and 1200 Series devices not enabled for double-buffered

mode).

2 through 24— 1 (E Series devices).

2 through 24— 4 (PCI-6110E and PCI-6111Epunt must always be EVEN.

2 through 24— 1 (44X devices).

2 through 22— 1 (45X devices).

timebaseis the timebase, or resolution, to be used for the sample-interval coinméase
has the following possible values:

=3 20 MHz clock used as a timebase (50 ns) (E Series only).

-1: 5 MHz clock used as timebase (200 ns resolution).

0: External clock used as timebase (connect your own timebase frequency to the
internal sample-interval counter via the default PFI8 input for E Series devices).
1 MHz clock used as timebase (1 ps resolution).

100 kHz clock used as timebase (10 us resolution).
10 kHz clock used as timebase (100 us resolution).
1 kHz clock used as timebase (1 ms resolution).

100 Hz clock used as timebase (10 ms resolution).

On E Series devices, if you use this function with the timebase set to 0, you must call
the functionSelect_Signal with signal set toND_IN_SCAN_CLOCK_TIMEBASEot
ND_IN_CHANNEL_CLOCK_TIMEBASEpRNndsourceset to a value other than
ND_INTERNAL_20_ MHZandND_INTERNAL_100_KHzbefore callingpbAQ_Start with
timebase set to 0; otherwigpAQ_Start selects low-to-high transitions on the PFI 8 /1O
connector pin as your external timebase.
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Refer to theselect_Signal function for further details about using the timebase with
E Series devices.

If you use external conversion pulses, NI-DAQ ignoregithebaseparameter and you can
set it to any value.

For DSA devicestimebaseis ignored. Us®AQ_Set_Clock to set the sampling rate.

samplnterval indicates the length of the sample interval (that is, the amount of time to elapse
between each A/D conversion).
Range: 2 through 65,535.

The sample interval is a function of the timebase resolution. NI-DAQ determines the actual
sample interval in seconds using the following formula:

samplnterval * (timebase resolution)

where the timebase resolution for each valugnuébaseis given above. For example, if
samplnterval = 25 andimebase= 2, the sample interval is 25190 us = 250 ps. If you use
external conversion pulses, NI-DAQ ignores shenpinterval parameter and you can set it
to any value.

For DSA devicessamplnterval is ignored. Us®AQ_Set_Clock to set the sampling rate.

@ Note If you are using an SCXI-1200 with remote SCXI, the maximum rate depends on the
baud rate setting and count. Refer to$@XI-1200 User Manudbr more details.

Using This Function
DAQ_Start configures the analog input multiplexer and gain circuitry as indicatetidoy
andgain. If external sample-interval timing has not been indicateddy@ Config call, the
function sets the sample-interval counter to the specfiatpinterval andtimebase If you
have indicated external sample-interval timing, the DAQ circuitry relies on pulses received on
the external conversion signal EXTCONV* input to initiate individual A/D conversions. The
sample counter is set up to count the number of samples and to stop the DAQ process when
NI-DAQ has acquiredount samples.

DAQ_Start initializes a background process to handle storing of A/D conversion samples
into the buffer as NI-DAQ acquires the conversions. When you use posttrigger mode (with
pretrigger mode disabled), the process stores apunt A/D conversions in the buffer and
ignores any subsequent conversions. If a c@MQ_Checkreturnsstatus= 1, the samples

are available and NI-DAQ terminates the DAQ process. In addition, a caldoClear
terminates the background DAQ process and enables a subsequeri4qll Start .

Notice that ifDAQ_CheckreturnsdagStopped= 1 or an error code alverRunError

or overFlowError, the process is automatically terminated and there is no need to call
DAQ Clear.
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@ Note You need to apply a trigger that you select througltsthect_Signal or
DAQ_Config functions to initiate data acquisition.

If you select external start triggering for the DAQ operation, a low-to-high edge at the
EXTTRIG input of Lab and 1200 Series devices initiates the DAQ operation after the
DAQ_Start call is complete. If you are using an E Series or DSA device, you need to apply
a trigger that you select through tBelect_Signal or DAQ_Config functions to initiate

data acquisition. OtherwisBAQ_Start issues a software trigger to initiate the DAQ
operation before returning.

If you enable pretrigger mode, the sample counter does not begin counting acquisitions until
a signal is applied at the stop trigger input. Until this signal is applied, the acquisition remains
in a cyclical mode, continually overwriting old data in the buffer with new data.

@ Note If your application call®AQ_Start , SCAN_Start , orLab_ISCAN_Start , always
make sure that you callAQ_Clear before your application terminates and returns control
to the operating system. Unpredictable behavior can result unless you make this call (either
directly, or indirectly througlDAQ_Check or DAQ_DB_Transfer ).
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DAQ_StopTrigger_Config

Format
status =DAQ_StopTrigger_Config (deviceNumber, stopTrig, ptsAfterStoptrig)

Purpose
Enables the pretrigger mode of data acquisition and indicates the number of data points
to acquire after the stop trigger pulse is applied at the EXTTRIG input of Lab and 1200 Series
devices; or the PFI1 pin of an E Series device. If you are using an E Series device, see the
Select_Signal  description for information about the external timing signals.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
stopTrig i16 enable or disable the pretriggered mode
ptsAfterStoptrig u32 number of points to acquire after the trigger

Parameter Discussion
stopTrig indicates whether to enable or disable the pretriggered mode of data acquisition.
0: Disable pretrigger (the default).
1: Enable pretrigger.

ptsAfterStoptrig is the number of data points to acquire after the trigger. This parameter is

valid only ifstopTrig equals 1. For a multiple channel scanned acquisjitsAfterStoptrig

must be an integer multiple of the number of channels scanned.

Range: 3 throughount wherecountis the value of theount parameter in the Start call
used to start the acquisition. For Lab and 1200 Series devices, the maximum is
always 65,535. For an E Series device or DSA device, the range is 2 through
count. Additionally for E Series devices, the number of scans acquired after the
stop trigger must be at least 2. The number of scans is equattuutitedivided
by the total number of channels scanned.

Using This Function
Calling DAQ_StopTrigger_Config with thestopTrig parameter set to 1 causes any
subsequent Start call to initiate a cyclical mode data acquisition. In this mode, NI-DAQ
writes data continually into your buffer, overwriting data at the beginning of the buffer when
NI-DAQ has filled the entire buffer. You can usaQ_Checkor Lab_ISCAN_Check in this
situation to determine where NI-DAQ is currently depositing data in the buffer. When a pulse
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is applied at the EXTTRIG input of Lab and 1200 Series devices, NI-DAQ acquires an
additional number of data points specifieddbgAfterStoptrig before the acquisition
terminatesDAQ_Checkor Lab_ISCAN_Check rearranges the data into chronological order
(from oldest to newest) and returns with the status parameters equal to one when called after
termination.

Calling DAQ_StopTrigger_Config with stopTrig set to O returns the acquisition mode to
its default, acyclical setting.

(E Series devices only) If you use this function vetbpTrig = 1, the device uses an active
high signal from the PFI1 pin as the stop trigger. After calling this function, you can use the
Select_Signal  function to take advantage of the DAQ-STC signal routing and polarity
selection features.
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DAQ_to_Disk

Format
status =DAQ _to_Disk (deviceNumber, chan, gain, filename, count, sampleRate, concat)

Purpose

Performs a synchronous, single-channel DAQ operation and saves the acquired data in a disk
file. DAQ_to_Disk does not return until NI-DAQ has acquired and saved all the data or an
acquisition error has occurred.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog input channel number
gain i16 gain setting
filename STR name of data file to be created
count u32 number of samples to be acquired
sampleRate f64 rate in units of pts/s
concat i16 enables concatenation to an existing file

Parameter Discussion
chanis the analog input channel number. If you are using SCXI, you must use the appropriate
analog input channel on the DAQ device that corresponds to the SCXI channel you want.
Select the SCXI channel usisgXI_Single_Chan_Setup  before calling this function.
Refer to theNI-DAQ User Manual for PC Compatiblésr more information on SCXI
channel assignments.
Range: See Table B-Valid Analog Input Channel Settinga Appendix B,Analog
Input Channel, Gain Settings, and Voltage Calculation

gainis the gain setting to be used for that channel. This gain setting applies only to the DAQ
device; if SCXI is used, you must establish any gain at the SCXI module either by setting
jumpers on the module or by callisgXl_Set_Gain . Refer to Appendix BAnalog Input
Channel, Gain Settings, and Voltage Calculatifor valid gain settings. If you use invalid

gain settings, NI-DAQ returns an error. NI-DAQ ignogesn for 516 and LPM devices and

the DAQCard-500/700.
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countis the number of samples to be acquired (that is, the number of A/D conversions to be
performed). The length of your data file in bytes should be exactly twice the valoerdf
upon completion of the acquisition. If you have previously enabled pretrigger mode (by a call
to DAQ_StopTrigger_Config ), NI-DAQ ignores theeount parameter.
Range: 3 through® - 1 (except the E Series devices).

2 through 24 (E Series devices).

2 through 24— 3 (PCI-6110E and PCI-6111Epunt must be EVEN.

2 through 24 (445X devices).

2 through 22— 1 (455 devices).

sampleRateis the sample rate you want in units of points per second.

Range: Roughly 0.00153 pts/s through 5,000,000 pts/s. The maximum range varies
according to the type of device you have and the speed and degree of
fragmentation of your disk storage device.

Note If you are using an SCXI-1200 with remote SCXI, the maximum rate depends on the
baud rate setting and count. Refer to$1@XI1-1200 User Manudbr more details.

concatenables concatenation of data to an existing file. Regardless of the vaareaf
if the file does not exist, it is created.

0: Overwrite file if it exists.

1 Concatenate new data to an existing file.

Using This Function

5

DAQ_to_Disk initiates a synchronous process of acquiring A/D conversion samples and
storing them in a disk file. Data is written to disk in 16-bit binary format, with the lower byte
first (little endian).DAQ_to_Disk does not return control to your application until NI-DAQ
acquires and saves all the samples you want (or until an acquisition error occurs).

Note If you select external start triggering for the DAQ operation, a low-to-high edge at
the EXTTRIG input of Lab and 1200 Series devices initiates the DAQ operation. If you
are using an E Series device, you need to apply a trigger that you select through the
Select_Signall or DAQ_Config functions to initiate data acquisition. If you are using

E Series devices, see thelect_Signal function for information about the external
timing signals. Be aware that if you do not apply the start trigeep, to_Disk does not
return control to your application. OtherwiS®Q to_Disk issues a software trigger to
initiate the DAQ operation.
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If you enable pretrigger mode, the sample counter does not begin counting acquisitions until
you apply a signal at the stop trigger input. Until you apply this signal, the acquisition
continues to write data into the disk file. NI-DAQ ignores the value ofth@t parameter

when you enable pretrigger mode. If the stop trigger is not applegl,to_Disk eventually
returns control to your application because, you eventually run out of disk space.

In any case, you can uSi&neout_Config  to establish a maximum length of time for
DAQ_to_Disk to execute.

© National Instruments Corporation 2-145 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference — DAQ_VScale

DAQ_VScale

Format

status =DAQ_VScale (deviceNumber, chan, gain, gainAdjust, offset, count, binArray, voltArray)

Purpose

Converts the values of an array of acquired binary data and the gain setting for that data to

actual input voltages measured.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 channel on which binary reading was taken
gain i16 gain setting
gainAdjust f64 multiplying factor to adjust gain
offset f64 binary offset present in reading
count u32 length ofbinArray andvoltArray
binArray [116] acquired binary data
Output
Name Type Description
voltArray [f64] double-precision values returned

Parameter Discussion

chanis the onboard channel or AMUX channel on which the binary data was acquired. For
devices other than the E Series devices and DSA devices, this parameter is ignored because
the scaling calculation is the same for all of the channels. However, you are encouraged to

pass the correct channel number.

gain is the gain setting at which NI-DAQ acquired the datainirray . If you used SCXI to
take the reading, this gain parameter should be the product of the gain on the SCXI module
channel and the gain used by the DAQ device.
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gainAdjust is the multiplying factor to adjust the gain. Refer to AppendiRiiBglog Input
Channel, Gain Settings, and Voltage Calculatifor the procedure for determining
gainAdjust. If you do not want to do any gain adjustment, (for example, the ideal gain as
specified by the parametgain) you must sefjainAdjust to 1.

offsetis the binary offset that needs to be subtracted feading. Refer to Appendix B,

Analog Input Channel, Gain Settings, and Voltage Calculafianthe procedure for
determining offset. If you do not want to do any offset compensatftsgt must be set to 0.

The data type is double to allow for offset fractional least significant bits (LSB). For example,
you could us®AQ_Opto acquire many samples from a grounded input channel and average
them to obtain the offset.

binArray is an array of acquired binary data.
For DSA deviceshinArray should be an array of i32.

voltArray is an array of double-precision values returneBAd®_VScale and is the voltage
representation diinArray .

Using This Function

Refer to Appendix BAnalog Input Channel, Gain Settings, and Voltage Calculafanthe
formula used bypAQ_VScale to calculate voltage from binary reading.
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DIG_Block Check

Format
status =DIG_Block_Check (deviceNumber, group, remaining)

Purpose

Returns the number of items remaining to be transferred dfte3 &lock_In  or
DIG_Block_Out call.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
Output
Name Type Description
remaining *u32 number of items yet to be transferred

Parameter Discussion
group is the group involved in the asynchronous transfer.

Range: 1 or 2 for most devices.
1 through 8 for the DIO-96.

remaining is the number of items yet to be transferred. The actual number of bytes remaining
to be transferred is equaltemaining multiplied by the value ofroupSizespecified in the
call toDIG_Grp_Config orDIG_SCAN_Setup.

@ Note C Programmers+emaining is a pass-by-address parameter.

Using This Function
DIG_Block_Check monitors an asynchronous transfer of data started®i@ alock_In
or DIG_Block_Out call. If NI-DAQ has completed the transfetG_Block_Check
automatically call®IG_Block_Clear , which permits NI-DAQ to make a new block transfer
call immediately.
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DIG_Block Clear

Format
status =DIG_Block_Clear  (deviceNumber, group)

Purpose
Halts any ongoing asynchronous transfer, allowing another transfer to be initiated.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group

Parameter Discussion
group is the group involved in the asynchronous transfer.

Range: 1 or 2 for most devices.
1 through 8 for the DIO-96.

Using This Function
(AT-DIO-32F only) If you aligned the buffer that you used in the previous call to
DIG_Block_Out orDIG_Block_In by a call toalign_DMA_Buffer , DIG_Block_Clear
unaligns that buffer before returning. Unaligning a buffer means that the data is shifted so that
the first data point is located lamffer[0].

After NI-DAQ has started a block transfer, you must#l_Block_Clear  before NI-DAQ

can initiate another block transfer. Notice tha®_Block_Check makes this call for you

when it sees that NI-DAQ has completed a tranBier. Block_Clear  does not change any
current group assignments, alter the current handshaking settings, or affect the state of the
pattern generation mode.
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DIG_Block_In
Format

status =DIG_Block_In  (deviceNumber, group, buffer, count)

Purpose
Initiates an asynchronous transfer of data from the specified group to memory.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
count u32 number of items to be transferred
Input/Output
Name Type Description
buffer [i16] conversion samples returned

Parameter Discussion

group is the group to be read from.
Range: 1 or 2 for most devices.
1 through 8 for DIO-96.

buffer is an integer array that contains the data obtained by reading the group indicated by
group. For the DIO-32F and DIO 6533 (DIO-32HS), NI-DAQ uses all 16 bits in each buffer
element. Therefore, the size of the array, in bytes, must be atdesstmultiplied by the

size ofgroup. For all other devices, only the lower 8 bits of each buffer element are used.
Therefore, the size of the array in bytes must be at least¢aicg multiplied by the size

of group.

countis the number of items (for example, 8-bit items for a group of size 1, 16-bit items for
a group of size 2, and 32-bit items for a group of size 4) to be transferred to the area of
memory specified bipuffer from the group indicated hyroup.

Range: 2 through32- 1.
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Using This Function
DIG_Block_In initiates an asynchronous transfer of data from a specified group to your
buffer. The hardware is responsible for the handshaking detailDIGalrp_Config for
the DIO-32F and the DIO 6533 (DIO-32HS),mG_SCAN_Setup for all other devices at
least once before callir@G_Block In .DIG_Grp_Config andDIG_SCAN_Setup select
the group configuration for handshaking.

If you use a DIO-32F or DIO 6533 (DIO-32H®)IG_Block _In  writes data to all bytes of

your buffer regardless of the group size. If the group size is 1 (which is supported only by the
DIO 6533),DIG_Block_In  writes to the lower 8 bits dfuffer[0] on the first read from the
group and the upper 8 bits lodiffer[0] on the second read from the group. For example, if

the first read acquired is OxCD and the second data acquired is Buf&;[0] is OXABCD.

If group size is 2DIG_Block _In  writes data from the lower port (port O or port 2) to the
lower 8 bits ofbuffer [0] and data from the higher port (port 1 or port 3) to the upper eight
bits ofbuffer [0]. If group size is 4DIG_Block_In  writes the data from ports 0 and 1 to

buffer [0] and the data from ports 2 and Joaffer [1].

@ Note On the DIO-32F, you cannot uB#G_Block _In  with a group ofize= 1. On the
DIO 6533, you can useIG_Block_In  with a group okize= 1, butcount must be even
in this case.

If you use any device but a DIO-32F or DIO 6533, NI-DAQ writes to the lower byte of each
buffer element with a value read from the group and sets the upper byte of each buffer element
to zero. If the group size is 2, the lower bytdoffer[0] receives data from the first port in

the group and the lower byte lodiffer[1] receives data from the second port. NI-DAQ sets

the upper bytes djuffer [0] andbuffer[1] to O.

If you have not configured the specified group as an input group, NI-DAQ does not perform
the operation and returns an error. If you have assigned no ports to the specified group,
NI-DAQ does not perform the operation and returns an error. You can call
DIG_Block_Check to monitor the status of a transfer initiateddd¢_Block_In

If previously enabled, pattern generation for the DIO-32F or the DIO 6533 begins when you
executeDIG_Block_In . SeePattern Generation 1/0O with the DIO-32F and DIO 6533
(DI0O-32HS) Devices Chapter 3Software Overvievef the youlNI-DAQ User Manual for

PC Compatiblegor important information about pattern generation.

To avoid delays that are caused by AT-bus DMA reprogramming on an AT-DIO-32F or
AT-DIO-32HS, you can use dual DMA, or you can align your buffer. For more information
about dual DMA, see thget_ DAQ_Device_Info  function. The second option, aligning
your buffer, works only for the AT-DIO-32F with buffers up to 64K in size.
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For the AT-DIO-32F, you can align your buffer by callitiggn_DMA_Buffer . If

you have aligned your buffer with a callagn_DMA_Buffer  and have not called
DIG_Block_Clear  (either directly or througbBIG_Block_Check ) to unalign the data,
you must use the value afignindex return byAlign_DMA_Buffer  to access your data.
In other words, data in an aligned buffer beginsudter[alignindex] . Data in an unaligned
buffer begins abuffer [O].

&

Note DIG_Block In  will not work with groups osize= 1, because of a DMA limitation
when using the AT-DIO-32F.

&

Note If you are using an SCXI-1200 with remote SCXI, count is limited by the amount
of memory made available on the remote SCXI unit. For digital buffered input, you are
limited to 5,000 bytes of data. The upper bounadéamt depends on the groupSize set in
DIG_SCAN_Setup (for example, if groupSize = 2, coun®,500).
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DIG_Block OQut

Format
status =DIG_Block_Out (deviceNumber, group, buffer, count)

Purpose
Initiates an asynchronous transfer of data from memory to the specified group.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
buffer [i16] array containing the user’s data
count u32 number of items to be transferred

Parameter Discussion

group is the group to be written to.
Range: 1 or 2 for most devices.
1 through 8 for DIO-96.

buffer is an integer array containing your data. NI-DAQ writes the data in this array to the
group indicated bgroup. For the DIO-32F and DIO 6533 (DIO-32HS) devices, NI-DAQ

uses all 16 bits in each buffer element. Therefore, the size of the array, in bytes, must be at
leastcount multiplied by the size ofroup. For all other devices, NI-DAQ uses only the

lower 8 bits of each buffer element. Therefore, the size of the array, in bytes, must be at least
twice count multiplied by the size ofroup.

countis the number of items (for example, 8-bit items for a group of size 1, 16-bit items for
a group of size 2, and 32-bit items for a group of size 4) to be transferred from the area of
memory specified bipuffer to the group indicated byroup.

Range: 2 through32-1.

Using This Function
DIG_Block_Out initiates an asynchronous transfer of data from your buffer to a specified
group. The hardware is responsible for the handshaking detail®IGatbrp_Config for
the DIO-32F and the DIO 6533 devicesDo&_SCAN_Setup for the other devices at least
once before callin®IG_Block_Out to select the group configuration for handshaking.
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If you use a DIO-32F or a DIO 6533 (DIO-32HS), NI-DAQ writes all bytes in your buffer to
the group regardless of the group size. If the group size is one (which is supported only by the
DIO 6533),DIG_Block_Out writes the lower 8 bits dfuffer[0] to the group on the first

write and the upper 8 bits bfiffer[0] to the group on the second write. For example, if
buffer[0] = OXABCD, NI-DAQ writes OxCD to the group on the first write, and writes OXAB

to the group on the second write. If group size BI&, Block_Out writes data from the

lower 8 bits obuffer [0] to the lower port (port O or port 2) and data from the upper 8 bits of
buffer [0] to the higher port (port 1 or port 3). If group size iBIG_Block_Out writes data

from buffer[0] to ports 0 and 1 and data frdmffer[1] to ports 2 and 3.

If you use any device but a DIO-32F or a DIO 6533 (DIO-32HS), NI-DAQ writes the lower
byte of each buffer element to the group in the order indicatpdrthist when you call
DIG_SCAN_Setup. If the group size is 2, on the first wridG_Block_Out writes the lower
byte ofbuffer[0] to the first port orportList and the lower byte dfuffer[1] to the last port
onportList . For example, ibuffer[0] = OXABCD andbuffer[1] is 0x1234, NI-DAQ writes
0xCD to the first port oportList, and writes 0x34 to the last port portList .

If you have not configured the specified group as an output group, NI-DAQ does not perform
the operation and returns an error. If you have assigned no ports to the specified group,
NI-DAQ does not perform the operation and returns an error. You can call

DIG_Block_Check to monitor the status of a transfer initiatedd®_Block_Out .

If you have previously enabled pattern generation on a DIO-32F or DIO 6533 (DIO-32HS)
device, the generation takes effect upon the executibifBlock_Out . To avoid delays

due to DMA reprogramming on the AT-DIO-32F or AT-DIO-32HS, you can use dual DMA
(see theset_DAQ_Device_Info  function), or you can align your data using the
Align_DMA_Buffer  function (AT-DIO-32F only). See theattern Generation 1/O with

the DIO-32F and DIO 6533 (DIO-32HSgction in Chapter Foftware Overvievof the
NI-DAQ User Manual for PC Compatiblésr important information about pattern
generation.

Note DIG_Block Out will not work with groups okize= 1, because of a DMA
limitation when using the AT-DIO-32F.

Note If you are using an SCXI-1200 with remote SCe@dunt is limited by the amount

of memory made available on the remote SCXI unit. For digital buffered output, you are
limited to 5,000 bytes of data. The upper boundémt depends on thgroupSizeset in
DIG_SCAN_Setup (for example, ifgroupSize= 2, counk 2,500).
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DIG_Block_PG_Config

Format

status =DIG_Block_PG_Config  (deviceNumber, group, config, reqSource, timebase,
reqinterval, externalGate)

Purpose
Enables or disables the pattern generation mode of buffered digital I/0. When pattern
generation is enabled, this function also determines the source of the request signals and,
if the source is internal, the signal rate and gating mode.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
config i16 enables or disables pattern generation
reqSource i16 source of the request signals
timebase i16 timebase value
reqinterval ulé number otimebaseunits between request signals
externalGate i16 enables or disables external gating

Parameter Discussion

group is the group for which pattern generation is to be enabled or disabled.
Range: lor2.

config is a flag that enables or disables pattern generation.
0: Disable pattern generation.
1 Enable pattern generation using request-edge latching output (input always uses
request-edge latching).
2: Enable pattern generation without request-edge latching (input always uses
request-edge latching).

reqSource

0: Internal. The board generates requests internally from onboard counters.
1 External. The board accepts requests from the REQ pin on the 1/O connector.
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2: Change detection (DIO 6533 [DIO-32HS] input groups only). The board
generates an internal request whenever it detects a change on a significant
input pin.

When using internally generated requests (reqSource 0 or 2), the REQ signal is an output;
do not drive any external signal onto the REQ pin of the I/O connector.

NI-DAQ considers all of the group’s lines significant for change detection by default.
However, you can set a mask specifying that only certain lines should be compared. The
same lines that are significant for pattern detection, if used, are also significant for change
detection. If you are using pattern-detection messa@A@Event 7 or 8), use the

DAQTrigValO parameter of th€onfig DAQ_Event_Message function to set the
pattern-and-change-detection mask. Otherwise, use the line-mask parameter of the
DIG_Trigger_Config function. When using thelG_Trigger_Config function to set a

line mask, you do not need to select any particular start trigger, stop trigger, or search pattern.

timebasedetermines the amount of time that elapses during a segjieterval . The
followmg values are possible fimebase

50 ns (DIO 6533 [DIO-32HS] only).

1 ps.

10 ps.

100 ps.

1 ms.

10 ms.

reqinterval is a count of the number tfinebaseunits of time that elapses between internally
produced request signals.
Range: 2 through 65,535.

externalGateis an absolute parameter and should be set to 0. The AT-DIO-32F does support
external gating but this simply requires making a connection at the 1/0 connector. If you use
external gating for group 1, the signal connected to IN1 gates the pattern. If you use external
gating for group 2, the signal connected to IN2 gates the pattern. For an AT-DIO-32F, the
signal at INk must be high to enable the pattern. The DIO 6533 (DIO-32HS) devices use
triggering instead of gating; for more information, refer toth@ Trigger_Config

function.

Using This Function

DIG_Block_PG_Config enables or disables the pattern generation mode of digital I/O. If the
config parameter equals 1 or 2, any subseqD&btBlock_In  orDIG_Block_Out call

initiates a pattern generation operation. Pattern generation differs from handshaking 1/O in
that NI-DAQ produces the request signals at regularly clocked interveds}Sburce

equals 0, thimebaseparameter equals 2, and teglnterval parameter equals 10, NI-DAQ
reads a new pattern from or writes a pattern to a group every 100 ps.
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DIG_Block_PG_Config enables or disables the pattern generation mode of digital I/O. If the
config parameter equals 1 or 2, any subseqD#htBlock_In  or DIG_Block_Out call

initiates a pattern generation operation. Pattern generation mode overrides any two-way
handshaking mode set by thé&s_Grp_Mode function.

The primary difference between pattern generation and two-way handshaking is that in
pattern generation timing information travels in only one direction, over the REQ line. The
board can generate request signals at regularly clocked intervals (internal mode), you provide
request signals to the board (external mode), or the board generates request signals whenever
the input data changes (change detection). Either there is no return handshake on the ACK
line (DIO 6533), or the return handshake can be ignored (DIO-32F).

On the DIO 6533 (DIO-32HS), pattern generation mode enables some additional features:
* You can enable start and stop triggers usir@ Trigger_Config

* NI-DAQ monitors the transfer speed, and thé_Block_Check function returns an
error message if the system is unable to keep up with the programmed transfer rate
(internal requests) or the rate of request pulses (external requests or change detection).

Only the DIO 6533 (DIO-32HS) boards support change detection. In this mode, the board
generates an internal request any time it detects activity on the group’s significant input lines.
As long as the rate of change is within the board’s change-detection limits, the board captures
exactly one copy of each new input pattern.

If you set a pattern mask for change detection, you can select a subset of the group’s input
lines to be significant. However, when the board detects a change, it acquires data from all
of the group's input lines, whether masked or not.

Using change detection mode in conjunction with@hefigure_ DAQ_Event_Message

function, you can also receive a message every time the input data changes. Use the
Configure_DAQ_Event Message function to generate a message after each pattern is
acquired. To ensure best precision in messaging, use the interrupt-driven data transfer method.
Otherwise, messages might be delayed. You can ussdh®AQ_Device_Info  function

to select a transfer method.

On the DIO-32F, the advantage of using double-buffered output is that the variability in
update intervals is reduced to an absolute minimum, producing the highest quality output at
high update rates. The disadvantage is that the first ACK pulse produced by the device is not
preceded by the first pattern. Instead, the second ACK pulse signals the generation of the first
pattern. Also, the last pattern generated is not followed by an ACK pulse. The advantage of
single-buffered output is the elimination of these ACK pulse irregularities. The first ACK
pulse signals generation of the first pattern and the last pattern is followed by a final ACK
pulse. The disadvantage of single-buffered output is that at high update rates, variations in
DMA bus arbitration times can increase the variability in update intervals, reducing the
overall quality of the digital patterns.
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On the DIO 6533 (DIO-32HS), output is always double-buffered, thus minimizing the
variability in update intervals. In addition, the ACK pulse irregularities are not present.
Therefore, values 1 and 2 for tbenfig parameter are equivalent for the DIO 6533.
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DIG_Change_Message_Config

Format

status =DIG_Change_Message_Config  (deviceNumber, operation, riseChansStr, fallChanStr,
handle, message, callbackAddr)

Purpose
Configures rising-edge and falling-edge detection for the input lines on tXed@sizes.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
operation i16 clear or configure message
riseChanStr STR string of rising-edge input lines
fallChanStr STR string of falling-edge input lines
handle i16 handle
message i16 user-defined message
callbackAddr u32 user callback function address

Parameter Discussion

operation indicates whether to clear or configure a new message.
0: Clear message.
1. Configure message.

riseChansStr is the string description of digital input ports or lines selected for rising-edge
detection. This parameter is ignored wiogeration = 0.

fallChansStr is the string description of digital input ports or lines selected for falling-edge
detection. This parameter is ignored wioperation = 0.
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The syntax for rise and fall channel string descriptions is as folfpws;[:1 >[p 11 2l ,
wherep is the port number, aridis the line number.

@ Note TheriseChanStr andfallChanStr string syntax includes additional specific port
and line parameters shown in brackets. Lists of channel strings may be separated by
commas as shown in the example table.

The following table gives examples of the meaningssefChansStr.

Value of riseChanStr Meaning
0.0 port O, line O
0.0:7 port 0, line 0 through 7
1.(0,3,5) port 1, lines 0, 3, and 5
1.0:5,2.1:4 port 1, lines O through 5

port 2, lines 1 through 4

handle is the handle to the window in which you want to receive a Windows message when
an event happens. fiandle is 0, no Windows messages are sent.

messages a message you define. When an event happens, NI-DAQ pessseydack to

you. messagean be any value.

callbackAddr is the address of the user callback function. NI-DAQ calls this function when
an event occurs. SeallbackAddr to 0 if you do not want to use a callback function.

See the Parameter Discussion sectiobainfig DAQ_Event_Message

thehandle, messageandcallbackAddr parameters.

Using This Function
DIG_Change_Message_Config
change in the digital state.

Enabling Change Detection

Call DIG_Change_Message_Config

for more details on

configures and unconfigures messages that are sent upon a

with operation = 1 to configure a message. Specify

the ports or lines on which you want to detect rising edgesd@hansStr, and falling edges
in fallEdgeStr. Event notification is done through the windows API funcBRostMessage
or callback function that you define. For more details about event notification, refer to the

Using This Functiorsection inConfig_ DAQ_Event_Message
to enable debouncing (filtering). Then, call
with controlCode = 0 to start change detection operation.

DIG_Filter_Config
DIG_Change_Message_Control
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Upon the receipt of a message or callback, you can then read a digital popiGsingPrt
or a digital line usin®IG_In_Line to determine the state of the digital port or line.

Disabling Change Detection

Call DIG_Change_Message_Control  with controlCode = 1 to stop the change detection
operation. Then, caldiG_Change_Message_Config  with operation = 0 (clear).
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DIG_Change_Message_Control

Format
status =DIG_Change_Message_Control  (deviceNumber, controlCode)

Purpose
Starts or stops the change detection operation of the digital input lines on ¥heéetfts.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
controlCode i16 specifies the operation to be
performed

Parameter Discussion

controlCode determines the operation to perform.
0: Start change detection.
1: Stop change detection.

Using This Function

Use this function in conjunction withiG_Change_Message_Config . Refer to thaJsing
This Functiorsection oDIG_Change_Message_Config  for additional information on this
function.
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DIG_DB_Config

Format
status =DIG_DB_Config (deviceNumber, group, dbMode, oldDataStop, partialTransfer)

Pur
' pos?Enables or disables double-buffered digital transfer operations and sets the double-buffered
options.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
dbMode i16 enable or disable double-buffered mode
oldDataStop i16 enable or disable regeneration of old data
partialTransfer i16 En;ble or disable partial transfer of final half
uffer

Parameter Discussion

group is the group to be configured.
Range: 1lor2.

dbMode indicates whether to enable or disable the double-buffered mode of digital transfer.
0: Disable double buffering (default).
1: Enable double buffering.

oldDataStopis a flag whose value enables or disables the mechanism whereby the function
stops the digital block output when NI-DAQ is about to output old data a second time. For
digital block input,oldDataStop enables or disables the mechanism whereby the function
stops the input operation before NI-DAQ overwrites unretrieved data.

0:  Allow regeneration of data.

1 Disallow regeneration of data.
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partialTransfer is a flag whose value enables or disables the mechanism whereby NI-DAQ
can partial transfer a final half buffer to the digital output block througylsaDB_Transfer
call. The function stops digital block output when NI-DAQ has output the partial half. This
field is ignored for input groups.

0: Disallow partial transfers.

1:  Allow partial transfers.

Using This Function

Double-buffered digital block functions cyclically input or output digital data to or from a
buffer. The buffer is divided into two equal halves so that NI-DAQ can save or write data
from one half while block operations use the other half. For input, this mechanism makes it
necessary to alternately save both halves of the buffer so that NI-DAQ does not overwrite
data in the buffer before saving the data. For output, the mechanism makes it necessary to
alternately write to both halves of the buffer so that NI-DAQ does not output old data. Use
DIG_DB_Transfer to save or write the data as NI-DAQ is inputting or outputting the data.
You should calDIG_Block _Clear to stop the continuous cyclical double-buffered digital
operation started byIG_Block_Out orDIG_Block_In

Refer to Chapter 5\I-DAQ Double Bufferingof theNI-DAQ User Manual for PC
Compatibledor an explanation of double buffering.

For the AT-DIO-32F and AT-DIO-32HS, enabling eitlddlDataStop or partial Transfer

causes an artificial split in the digital block buffer, which requires DMA reprogramming at
the end of each half buffer. For a group that is configured for handshaking, this means that a
pause in data transfer can occur while NI-DAQ reprograms the DMA. For a group configured
for pattern generation, this can cause glitches in the digital input or output pattern (time lapses
greater than the programmed period) during DMA reprogramming. Therefore, you should
enable these options only if necessary.
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DIG_DB_HalfReady

Format

status =DIG_DB_HalfReady (deviceNumber, group, halfReady)

Purpose

Checks whether the next half buffer of data is available during a double-buffered digital block
operation. You can u€e!G_DB_HalfReady to avoid the waiting period that can occur
becaus®IG_DB_Transfer waits until NI-DAQ can transfer the data before returning.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
Output
Name Type Description
halfReady *i16 whether the next half buffer of data is availablg

Parameter Discussion

5

group is the group to be configured.
Range: lor2.

halfReadyindicates whether the next half buffer of data is available. WakReady equals
one, you can udelG_DB_Transfer to read or write the data immediately. WinatfReady
equals 0, the data is not yet available.

Note C Programmers-halfReadyis a pass-by-address parameter.

Using This Function

Double-buffered digital block functions cyclically input or output digital data to or from a
buffer. The buffer is divided into two equal halves so that NI-DAQ can save or write data
from one half while block operations use the other half. For input, this mechanism makes it
necessary to alternately save both halves of the buffer so that NI-DAQ does not overwrite
data in the buffer before saving the data. For output, the mechanism makes it necessary to
alternately write to both halves of the buffer so that NI-DAQ does not output old data. Use
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DIG_DB_Transfer to save or write the data NI-DAQ is inputting or outputting the data. This
function, when called, waits until NI-DAQ can complete the data transfer before returning.
During slower paced digital block operations this waiting period can be significant. You can
useDIG_DB_HalfReady so that the transfer functions are called only when NI-DAQ can
make the transfer immediately.

Refer to Chapter S\I-DAQ Double Bufferingof theNI-DAQ User Manual for PC
Compatibledor an explanation of double buffering.
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DIG_DB_Transfer

Format
status =DIG_DB_Transfer (deviceNumber, group, halfBuffer, ptsTfr)

Purpose
For an input operatiomIG_DB_Transfer waits until NI-DAQ can transfer half the
data from the buffer being used for double-buffered digital block input to another buffer,
which NI-DAQ passes to the function. For an output operabish,DB_Transfer  waits
until NI-DAQ can transfer the data from the buffer passed to the function to the buffer being
used for double-buffered digital block output. You can exei@e DB_Transfer
repeatedly to read or write sequential half buffers of data.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
ptsTfr u32 points to transfer
Input/Output
Name Type Description
halfBuffer [i16] array to which or from which the data is to be
transferred

Parameter Discussion

group is the group to be configured.
Range: lor?2.

halfBuffer is the integer array to which or from which NI-DAQ transfers the data. The size
of the array must be at least half the size of the circular buffer being used for the
double-buffered digital block operation.

ptsTfr is used only for output groups with partial transfers of half buffers enabled. If you have
setpartialTransfer with DIG_DB_Config , NI-DAQ can make a transfer to the digital output
buffer of less than or equal to half the buffer size, as specified by this field. However, the
function will halt the double-buffered digital operation when NI-DAQ makes a transfer of less
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than half the buffer size. NI-DAQ ignores this field for all other cases (input or output without
partial transfers of half buffers enabled) and the transfer count is equal to half the buffer size.
Range: 0 to half the size of the digital block buffer.

Using This Function
If you have separtialTransfer for an output group, thetsTfr field allows NI-DAQ to make
transfers of less than half the buffer size to an output buffer. This is useful when NI-DAQ must
output a long stream of data but the amount of data is not evenly divisible by half the buffer
size. IfptsTir is equal to half the buffer size, the transfer is identical to a transfer without
partialTransfer set. IfptsTfr is less than half the buffer size, however, NI-DAQ makes the
transfer to the circular output buffer and alters the DMA reprogramming information so that
the digital output operation will halt after the new data is output.

Refer to Chapter 53\I-DAQ Double Bufferingof theNI-DAQ User Manual for PC
Compatibledor an explanation of double buffering and possible error and warning
conditions.
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DIG_Filter_Config

Format
status =DIG_Filter_Config (deviceNumber, mode, chanStr, interval)
Purpose
Configures filtering for the input lines on the 66@evices.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
mode i16 on, off, or on with specified interval
chanStr STR string of filtered input lines
interval f64 filter interval

Parameter Discussion

mode indicates filtering operation for lines specifieccimanStr.
0: Filter on with default interval.
1: Filter off.
2: Filter on with specified interval.

chansStr is the string description of digital input ports or lines selected for filtering.

The syntax for thehanStr string description is as follows;.| 1[:[l 2| p1.l 2]l , wherep
is the port number, ardis the line number

@ Note ThechanStr string syntax includes additional specific port and line parameters
shown in brackets. Lists of channel strings may be separated by commas as shown in the
example table.
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The following table gives examples of the meaningshaihStr.

Value of chanStr Meaning
0.0 port 0, line 0
0.0:7 port O, line 0 through 7
1.(0,3,5) port 1, lines 0, 3, and 5
1.0:5,2.1:4 port 1, lines 0 through 5
port 2, lines 1 through 4

interval specifies the time base for the digital filter in seconds. The range is 0.001 s (1 ms) to
0.1 s (100 ms) for 652devices Any shorter noise will be filtered out.

Using This Function

You can us®IG_Filter_Config with Dig_Change_Message_Config  and
DIG_Change_Message_Control  to debounce the input signals on B5fvices and to

avoid unnecessary change notifications. In addithe®, Filter_Config can provide
signal conditioning to the input signals during reads and writes when daltingn_Line
or DIG_In_Prt.

The first configuration call of the filter function enables the specified linebanstr for
filtering. Subsequent calls @G _Filter_Config can either enable or disable filtering on
the lines specified iohanstr. For 65X devicesjnterval is a parameter that pertains to the
device and cannot be further specifiedchanstr.

To enable filtering on a particular digital input port or line, tadt_Filter_Config with
mode= 0 or 2. If you specifynode= 0, setinterval to 0.0. If you specifynode= 2, set
interval to a value in the range as described in the Parameter Discussion sedtitamfal.
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DIG_Grp_Config

Format
status =DIG_Grp_Config (deviceNumber, group, groupSize, port, dir)

Purpose
Configures the specified group for port assignment, direction (input or output), and size.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
groupSize i16 size of the group
port i16 digital 1/0 ports assigned to the group
dir i16 input or output

Parameter Discussion

group is the group to be configured.
Range: 1 or 2 for the DIO 6533 devices and the AT-DIO-32F.

groupSizeindicates the size of the group. The following values are permittepdapSize
0: Unassign any ports previously assignedrmip.
1 One port assigned (8-bit group)gmup.
2: Two ports assigned (16-bit group)gmup.
4: Four ports assigned (32-bit group)gi@up.

&

Note For the DIO-32F, you must upert = 0 or 1 ifgroup = 1, andport = 2 or 3 if
group = 2.

Note For the DIO-32F, block operations are not allowed for grougizef= 1. For the
DIO 6533 (DIO-32HS), you can use block operations for groug&zef 1 if you set
group = 1 andport = 0, orgroup = 2 andport = 2.

&

© National Instruments Corporation 2-171 NI-DAQ FRM for PC Compatibles



Chapter 2

Function Reference — DIG_Grp_Config

port indicates the digital I/O port or ports assigned to the group. The assignments made
depend on the values port and ofgroupSize
groupSize=1 port = 0 assigns port 0 (A).

port = 1 assigns port 1 (B).

port = 2 assigns port 2 (C).

port = 3 assigns port 3 (D).

groupSize= 2 port = 0 assigns ports 0 and 1 (A and B).
port = 2 assigns ports 2 and 3 (C and D).
groupSize=4 port = 0 assigns ports 0, 1, 2, and 3 (A, B, C, and D).

dir indicates the direction, input, or output for which the group is to be configured.
0: port is configured as an input port (default).
1 port is configured as an output port.
3: port is configured as an input port with request-edge latching disabled.
4 port is configured as an output port with request-edge latching enabled.

Using This Function

DIG_Grp_Config configures the specified group according to the port assignment and
direction. IfgroupSize= 0, NI-DAQ releases any ports assigned to the group specified by
group and clears the group handshake circuitrgrifupSize= 1, 2, or 4, NI-DAQ assigns

the specified ports to the group and configures the ports for the specified direction. NI-DAQ
subsequently writes to or reads from ports assigned to a group usbigthe Grp and
DIG_Out_Grp ortheDIG Block In andDIG_Block_Out functions. NI-DAQ can no

longer access any ports assigned to a group through any of the nongroup calls listed
previously. Only théIG_Block calls can use a group of size 4.

If you are using an AT-DIO-32F and intend to perform block I/O, you are limited to group
sizes of 2 and 4. If you are using a DIO 6533 (DIO-32HS) and intend to perform block I/O,
you also can use a group size of 1. After system startup, no ports are assigned to groups.
See your hardware user manual for information about group handshake timing.
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Format

status =DIG_Grp_Mode (deviceNumber, group, protocol, edge, reqPol, ackPol, ackDelayTime)

Purpose
Configures the specified group for handshake signal modes.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
protocol i16 basic handshaking system
edge i16 rising-edge or falling-edge pulsed signals
regPol i16 request signal is to be active high or active low
ackPol i16 acknowledge handshake signal is to be active high
or active low
ackDelayTime i16 data settling time allowed

Parameter Discussion
group is the group to be configured.

Range:

1or?2.

protocol indicates the basic handshaking mode. Refer to your device user manual for details
on using therotocol parameter.
Range is 0 through 2 for the DIO-32F, or 0 through 4 for the DIO 6533 (DIO-32HS).

0:
1:
2:

3.

Group is configured for held-ACK (level-ACKhandshake protocol.

Group is configured for pulsed-ACK handshake protocol.

Group is configured for pulsed-ACK handshake protocol with variable ACK
pulse width.

Group is configured for synchronous burst handshaking, using the REQ, ACK,
and PCLK signals.

Group is configured to emulate 8255 handshake timing—DI0-24(6503).
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@ Note This function does not support variable-length ACK pulse wisitmél = 2) on
AT-DIO-32F Revision B and earlier.

edgeindicates whether the group is to be configured for leading-edge or trailing-edge pulsed
signals.edgeis valid only ifprotocol = 1 or 2.
0: Group is configured for leading-edge pulsed handshake signals.
1 Group is configured for trailing-edge pulsed handshake signals. This setting does
not support variable ACK pulse widtprftocol = 2).

reqPol indicates whether the group request signal is to be active high or activedéal
is ignored ifprotocol = 4. protocol 4 always uses an active low request signal.
0: Group is configured for active high (non-inverted) request handshake signal
polarity.
1: Group is configured for active low (inverted) request handshake signal polarity.

ackPolindicates whether the group acknowledge handshake signal is to be active high or
active low.ackPolis ignored ifprotocol = 4. protocol 4 always uses an active low
acknowledge signal.
0: Group is configured for active high (non-inverted) acknowledge handshake
signal polarity.
1 Group is configured for active low (inverted) acknowledge handshake signal
polarity.

ackDelayTimeindicates a data-settling period, in multiples of 100 ns, inserted into the
handshaking protocol. The delay slows down the data transfer, increasing setup and
hold times. The effect of the delay varies by handshaking protogwbtifcol = 0, or
protocol = 1 andedge= 0, theackDelayTime delays the generation of the ACK signal. If
protocol = 2, orprotocol = 1 andedge= 1, theackDelayTimeincreases the duration of the
ACK pulse. Ifprotocol = 3, theackDelayTime specifies the PCLK period (minimum of 50
ns for adelayTime of zero), and applies only when the PCLK is internally generated. On a
DIO 6533 (DI0-32HS), which can perform rapid back-to-back transfer cycles, the delay time
also increases the minimum delay between cycles for protocols 0, 1, 2, and 4. This is the only
effect ofackDelayTime onprotocol 4. For more information on programmable delays, see
your device’s user manual.
Range: 0 through 7.

0: No settling time, or a PCLK period of 50 ns.

1 100 ns settling time or PCLK period.

7. 700 ns settling time or PCLK period.

Using This Function

On a DIO 6533 (DIO-32HS), the CPULL line controls the default, undriven line polarities
that apply before handshaking begins. @bkPol andregPol parameters control the active
polarities that cause data transfer. In most applications, you should set the active polarity and
the default polarity to opposite values so that the default polarity is inactive. Depending on
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your application, setting the polarities incorrectly can lead to a missed data point at the
beginning of the transfer, or, whprotocol equals 3 (burst mode), to large numbers of missed
data. See your device’s user manual for more information.

DIG_Grp_Mode configures the group handshake signals according to the specified
parameters, after you uBéG_Grp_Config to select a port assignment and direction.
After initialization, the default handshake mode for each group is as follows:
protocol=0: held-ACK (level-ACK) handshake protocol.

edge=0: edgeparameter not valid becausetocol = 0.

reqPol=0: Request handshake signal is not inverted (active high).

ackPol=0:  Acknowledge handshake signal is not inverted (active high).
ackDelayTime= 0: Settling time is 0 ns.

You need to caldIG_Grp_Mode only if you need a different handshake mode. Refer to your
board’s user manual for information about handshake timing and mode information.

@ Note (AT-DIO-32F Revision B boards only) Do not use a leading-edge, pulsed
handshaking signal for an input group. NI-DAQ cannot latch the data into the port in this
mode and, if new data is presented to the port before NI-DAQ reads and saves the old data,
the old data is lost.
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DIG_Grp_Status

Format
status =DIG_Grp_Status (deviceNumber, group, handshakeStatus)

Purpose
Returns a handshake status word indicating whether the specified group is ready to be read
(input group) or written (output group). For the DIO 6533 (DIO-32HS), this function also
initiates the handshaking process if not previously initiated.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
Output
Name Type Description
handshakeStatus *i16 handshake status

Parameter Discussion
group is the group whose handshake status is to be obtained.
Range: lor?2.

handshakeStatugeturns the handshake status of the grbapdshakeStatuscan be either

0 or 1. The significance ¢fandshakeStatusdepends on the configuration of the group. If

the group is configured as an input groo@ndshakeStatus= 1 indicates that the group has
acquired data and that NI-DAQ can read data from the group. If the group is configured as an
output grouphandshakeStatus= 1 indicates that the group is ready to accept output data and
that NI-DAQ can write new data to the group.

@ Note C Programmers-handshakeStatuds a pass-by-address parameter.

Using This Function
DIG_Grp_Status reads the handshake status of the specified group and returns an indication
of the group status inandshakeStatusDIG_Grp_Status , along withDIG_Out_Grp and
DIG_In_Grp , facilitates handshaking of digital data between systems. If the specified group
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is configured as an input group abts_Grp_Status  returnshandshakeStatus= 1,

DIG_In_Grp can fetch the data an external device has latched in. If the specified group is
configured as an output group abis_Grp_Status  returnshandshakeStatus= 1,
DIG_Out_Grp can write the next piece of data to the external device. If the specified group
is not assigned any ports, NI-DAQ returns an error codénandshakeStatus= 0.

You must calDIG_Grp_Config to assign ports to a group and to configure a group for data
direction. Group configuration is discussed undeittf@& Grp_Config description.

For the DIO-32F, the state bndshakeStatuscorresponds to the state of the DRDY bit.
Refer to your device user manual for handshake timing details.
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DIG_In_Grp
Format
status =DIG_In_Grp (deviceNumber, group, groupPattern)
Purpose
Reads digital input data from the specified digital group.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
Output
Name Type Description
groupPattern *i16 digital data read from the ports

Parameter Discussion
group is the group to be read from.
Range: lor?2.

groupPattern returns the digital data read from the ports in the specified group.
groupPattern is mapped to the digital input ports making up the group in the following way:

5

If the group contains one port, NI-DAQ returns the 8 bits read from that port in the
low-order 8 bits ofjyroupPattern.

If the group contains two ports, NI-DAQ returns the 16 bits read from those ports in the
following way: if the group contains ports 0 and 1, NI-DAQ returns the value read from
port 0 in the low-order 8 bits, and NI-DAQ returns the value read from port 1 in the
high-order 8 bits. If the group contains ports 2 and 3, NI-DAQ returns the value read from
port 2 in the low-order 8 bits, and NI-DAQ returns the value read from port 3 in the
high-order 8 bits. NI-DAQ reads from the two ports simultaneously.

If the group contains four ports, NI-DAQ returndeviceSupportError. Use
DIG_Block_In to read a group containing four ports.

Note C Programmers-groupPattern is a pass-by-address parameter.
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Using This Function
DIG_In_Grp returns digital data from the group on the specified device. If the group is
configured as an input group, reading that group returns the digital logic state of the lines of
the ports in the group as some external device is driving them. If the group is configured as
an output group and has read-back capability, reading the group returns the output state of that
group. If no ports have been assigned to the group, NI-DAQ does not perform the operation
and returns an error code. You must b#é8_Grp_Config to assign ports to a group and to
configure the group as an input or output group.
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DIG In_Line

Format

status =DIG_In_Line (deviceNumber, port, line, state)

Purpose
Returns the digital logic state of the specified digital line in the specified port.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
port i16 digital 1/O port number
line i16 digital line to be read
Output
Name Type Description
state *16 returns the digital logic state

Parameter Discussion
port is the digital I/O port number.

Range:

0 or 1 for the AT-AO-6/10, DAQCard-500/700, PC-TIO-10, PC-OPDIO-16,
AO-2DC, 516 and LPM devices.
0 for the E Series devices, except the AT-MIO-16DE-10 and 6025E devices.
0 through 2 for the DIO-24 (6503) and Lab and 1200 Series devices.
0 and 2 through 4 for the AT-MIO-16DE-10 and 6025E devices.
0 through 3 for the VXI-AO-48XDC.
0 through 4 for the DIO-32F and DIO 6533 (DIO-32HS).
0 through 11 for the DIO-96.
0 through 15 for the VXI-DIO-128.
0 for the PCI-4451 and PCI-4452.
0 through 3 for the 456devices.
0 for the 67X and 6704 devices.
0 through 5 for the 652devices.

@ Note Referto Chapter 1@QIO-32F and DAQDIO 6533 (DIO 32HS) Digital I/O Devices,
in theDAQ Hardware Overview Guider a bitmap of port 4.
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line is the digital line to be read.
Range: 0 througk-1, wherek is the number of digital I/O lines making up the port.

statereturns the digital logic state of the specified line.
0: The specified digital line is at a digital logic low.
1 The specified digital line is at a digital logic high.

@ Note C Programmers-stateis a pass-by-address parameter.

Using This Function
DIG_In_Line returns the digital logic state of the specified digital line in the specified port.
If the specified port is configured as an input port, NI-DAQ determines the state of the
specified line by the way in which some external device is driving it. If the port or line is
configured as an output port and the port has read-back capability, NI-DAQ determines the
state of the line by the way in which that port itself is driving it. Reading a line configured for
output on the PC-TIO-10 or an E Series device returns a warning stating that NI-DAQ has read
an output line.
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DIG_In_Prt

Format
status =DIG_In_Prt  (deviceNumber, port, pattern)

Purpose
Returns digital input data from the specified digital I/O port.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
port i16 digital 1/O port number
Output
Name Type Description
pattern *i32 digital data read from the specified port

Parameter Discussion

port is the digital I/O port number.

Range: 0 or 1 for the AT-AO-6/10, DAQCard-500/700, PC-TIO-10, PC-OPDIO-186,
516 devices, AO-2DC, and LPM devices.
0 for the E Series devices, except the AT-MIO-16DE-10 and 6025E devices.
0 through 2 for the DIO-24 (6503) and Lab and 1200 Series devices.
0 and 2 through 4 for the AT-MIO-16DE-10 and 6025E devices.
0 through 3 for the VXI-AO-48XDC.
0 through 4 for the DIO-32F and DIO 6533 (DIO-32HS).
0 through 11 for the DIO-96.
0 through 15 for the VXI-DIO-128.
0 for the PCI-4451 and PCI-4452.
0 through 3 for 458 devices.
0 for the 67X and 6704 devices
0 through 5 for the 652devices.

@ Note Referto Chapter 1@IO-32F and DAQDIO 6533 (DIO 32HS) Digital I/O Devices,
in theDAQ Hardware Overview Guidéyr a bitmap of port 4.
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pattern returns the digital data read from the specified port. NI-DAQ rpagtern to the

digital input lines making up the port such that bit 0, the least significant bit, corresponds to
digital input line 0. If the port is less than 32 bits wide, NI-DAQ also sets the lpttein

that do not correspond to lines in the port to 0. For example, because port 0 on the E Series
boards is 8 bits wide, only bits 0 through aftern reflect the digital state of these ports,
while NI-DAQ sets all other bits gfattern to 0.

@ Note C Programmers-pattern is a pass-by-address parameter.

Using This Function
DIG_In_Prt reads digital data from the port on the specified device. If the port is configured
as an input port, reading that port returns the digital logic state of the lines as some external
device is driving them. If the port is configured as an output port and has read-back capability,
reading the port returns the output state of that port, along with a warning that NI-DAQ has
read an output port.
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DIG_Line_Config

Format
status =DIG_Line_Config  (deviceNumber, port, line, dir)

Purpose
Configures a specific line on a port for direction (input or output).
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
port i16 digital 1/O port number
line i16 digital line
dir i16 direction, input, or output

Parameter Discussion
port is the digital I/O port number.

Range: 0 for the E Series devices.
0 through 1 for the PC-TIO-10.

0 through 3 for the DIO 6533 (DIO-32HS) and the VXI-AO-48XDC.

0 through 15 for the VXI-DIO-128.
0 for the PCI-4451 and PCI-4452.
0 through 3 for 455X devices.

0 for the 67X and 6704 devices.
0 through 5 for the 652devices.

line is the digital line for which to configure.

Range: 0 through up to 31, depending on the port size of your device.

dir indicates the direction, input or output, to which the line is to be configured.

0: Line is configured as an input line (default).
1 Line is configured as an output line.

3 Line is configured as an output line with a wired-OR (open collector) driver

(DIO 6533 [DIO-32HS] only).
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Using This Function

With this function, a PC-TI0-10, DIO 6533 (DIO-32HS), VXI-AO-48XDC, E Series, or DSA
port can have any combination of input and output lines.DUSePrt_Config  to set all
lines on the port to be either all input or all output lines.

This function is optional for the 65&levices because the ports are pre-configured to be either
input or output. Refer tbIG_Port_Config  for the port configuration.
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DIG_Out_Grp

Format

status =DIG_Out_Grp (deviceNumber, group, groupPattern)

Purpose
Writes digital output data to the specified digital group.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
groupPattern i16 digital data to be written

Parameter Discussion

group is the group to be written to.
lor?2.

Range

groupPattern is the digital data to be written to the specified port. NI-DAQ maps
groupPattern to the digital output ports making up the group in the following way:

< If the group contains one port, NI-DAQ writes the low-order 8 bigrofipPattern to
that port.

« If the group contains two ports, NI-DAQ writes all 16 bitgodupPattern to those
ports. If the group contains ports 0 and 1, NI-DAQ writes the low-order eight bits to port O
and the high-order 8 bits to port 1. If the group contains ports 2 and 3, NI-DAQ writes the
low-order 8 bits to port 2 and the high-order 8 bits to port 3. NI-DAQ writes to the two

ports simultaneously.

« If the group contains four ports, NI-DAQ returndeviceSupportError. Use

DIG_Block_Out

Using This Function

to write to a group containing four ports.

DIG_Out_Grp writes the specified digital data to the group on the specified device. If

you have not configured the specified group as an output group, NI-DAQ does not perform
the operation and returns an error. If you have assigned no ports to the specified group,
NI-DAQ does not perform the operation and returns an error. You must call

DIG_Grp_Config
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Format

status =DIG_Out_Line (deviceNumber, port, line, state)

Purpose
Sets or clears the specified digital output line in the specified digital port.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
port i16 digital /0O port number
line i16 digital output line
state i16 new digital logic state

Parameter Discussion
port is the digital I/O port number.

Range:

0 or 1 for the AT-AO-6/10, DAQCard-500/700, PC-TIO-10, PC-OPDIO-16,
516 devices, AO-2DC, and LPM devices.
0 for the E Series devices, except the AT-MIO-16DE-10 and 6025E devices.
0 through 2 for the DIO-24 (6503) and Lab and 1200 Series devices.
0 and 2 through 4 for the AT-MIO-16DE-10 and 6025E devices.
0 through 3 for the VXI-AO-48XDC.
0 through 4 for the DIO-32F and DIO 6533 (DIO-32HS).
0 through 11 for the DIO-96.
8 through 15 for the VXI-DIO-128.
0 for the PCI-4451 and PCI-4452.
0 through 3 for 458 devices.
0 for the 67X and 6704 devices.
0 through 5 for the 652devices

@ Note Refer to theDAQ Hardware Overview Guid€hapter 10, for a bitmap of port 4.

line is the digital output line to be written to.

Range:

0 througk-1, wherek is the number of digital I/O lines making up the port.

© MNational Instruments Corporation 2-187 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference — DIG_Out_Line

state contains the new digital logic state of the specified line.
0:  The specified digital line is set to digital logic low.
1 The specified digital line is set to digital logic high.

Using This Function
DIG_Out_Line sets the digital line in the specified port to the specified state. The remaining
digital output lines making up the port are not affected by this call. If the port is configurable
and you have not configured the port as an output port, NI-DAQ does not perform the
operation and returns an error. Except for the PC-TIO-10, the DIO 6533 (DIO-32HS), the
VXI-AO-48XDC, 652X, 671X, 6704, E Series, or DSA device, you must call
DIG_Prt_Config  to configure a digital I/O port as an output port. On the PC-TIO-10,
DIO 6533, VXI-AO-48XDC, 65X, 671X, 6704, E Series, or DSA device, you need only
configure the specified line for output usibgs_Prt_Config  or DIG_Line_Config

@ Note Connecting one or more AMUX-64T boards or an SCXI chassis to an MIO or
Al device causeBIG_Out_Line to return ébadinputValError when called wittport
equal to 0 and line equal to one of the following values:

One AMUX-64T device—line equal to O or 1.

Two AMUX-64T devices—Iline equal to 0, 1, or 2.
Four AMUX-64T devices—line equal to 0, 1, 2, or 3.
An SCXI chassis—line equal to 0, 1, 2, or 4.
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DIG_Out Prt

Format
status =DIG_Out_Prt (deviceNumber, port, pattern)

Purpose
Writes digital output data to the specified digital port.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
port i16 digital /0O port number
pattern i32 digital pattern for the data written

Parameter Discussion

port is the digital I/O port number.

Range: 0 or 1 for the AT-AO-6/10, DAQCard-500/700, PC-TIO-10, PC-OPDIO-16,
516 devices, AO-2DC, and LPM devices.
0 for the E Series devices, except the AT-MIO-16DE-10 and 6025E devices.
0 through 2 for the DIO-24 (6503) and Lab and 1200 Series devices.
0 and 2 through 4 for the AT-MIO-16DE-10 and 6025E devices.
0 through 3 for the VXI-AO-48XDC.
0 through 4 for the DIO-32F and DIO 6533 (DIO-32HS).
0 through 11 for the DIO-96.
8 through 15 for the VXI-DIO-128.
0 for the PCI-4451 and PCI-4452.
0 through 3 for 458 devices.
0 for the 67X and 6704 devices.
0 through 5 for the 652devices

@ Note Refer to theDAQ Hardware Overview Guid€hapter 10, for a bitmap of port 4.

pattern is the digital pattern for the data written to the specified popbrf is less than

32 bits wide, NI-DAQ maps the low bits péttern to the digital output lines making up the
port so that bit 0, the least significant bit, corresponds to digital output line 0, and only the low
order bits inpattern affect the port. For example, because port 0 on the E Series devices is
eight bits wide, only bits 0 through 7 péttern affect the digital output state of these ports.
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Using This Function

DIG_Out_Prt writes the specified digital data to the port on the specified device.

If the specified port is configurable and you have not configured that port as an output
port, NI-DAQ does not perform the operation and returns an error. You must call
DIG_Prt_Config to make a configurable digital I/0 port as an output port. Using
DIG_Out_Prt on a port with a combination of input and output lines returns a warning
that some lines are configured for input.

Port 4 of the DIO-32F or DIO 6533 (DIO-32HS) is not a configurable port and does not
require aDIG_Prt_Config  call. On a DIO 6533, however, bits 0 and 2 of port 4 are
unavailable when group 1 is configured for handshaking; bits 1 and 3 are unavailable
when group 2 is configured for handshaking.
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DIG_Prt_Config

Format
status =DIG_Prt_Config  (deviceNumber, port, mode, dir)

Purpose

Configures the specified port for direction (input or outpDis_Prt_Config  also sets the
handshake mode for the DIO-24 (6503), 6025E devices, AT-MIO-16DE-10, DIO-96, and Lab
and 1200 Series devices.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
port i16 digital 1/0O port number
mode i16 handshake mode
dir i16 direction, input, or output

Parameter Discussion

port is the digital I/O port number.
Range: 0 or 1 for the AT-AO-6/10, DAQCard-500/700, PC-TIO-10, PC-OPDIO-16,
516 devices, AO-2DC, and LPM devices.
0 for the E Series devices, except the AT-MIO-16DE-10 and 6025E devices.
0 through 2 for the DIO-24 (6503) and Lab and 1200 Series devices.
0 through 3 for the DIO-32F and DIO 6533 (DIO-32HS).
0 and 2 through 4 for the AT-MIO-16DE-10 and 6025E devices.
0 through 3 for the VXI-AO-48XDC.
0 through 11 for the DIO-96.
0 through 15 for the VXI-DIO-128.
0 for the PCI-4451 and PCI-4452.
0 through 3 for 458 devices.
0 for the 67X and 6704 devices.
0 through 5 for the 652devices.
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mode indicates the handshake mode that the port uses.

0: Port is configured for no-handshaking (nonlatched) mode. You must use
mode= 0 for all other ports and boards. You can use the DIO-32F and
DIO 6533 (DIO-32HS) for handshaking, but only through the group calls
(seeDIG_Grp_Config ).

1 Port is configured for handshaking (latched) maodede = 1 is valid only for
ports 0 and 1 of the DIO-24 (6503) and Lab and 1200 Series devices; for ports 2
and 3 of the 6025E devices and AT-MIO-16DE-10; and for ports 0, 1, 3, 4, 6, 7,
9, and 10 of the DIO-96.

dir indicates the direction, input or output, to which the port is to be configured.
Range: 0 through 3.
0: Port is configured as an input port (default).
1 Port is configured as a standard output port.
2: Port is configured as a bidirectional port.
3: Port is configured as an output port, with wired-OR (open collector)
output drivers.

@ Note modemust be set to handshaking in order to use bidirectional.

The following ports can be configured as bidirectional:

Device Ports
AT-MIO-16DE-10 and 6025E devices 2
Lab and 1200 Series devices 0
DIO-24 (6503) 0
DIO-96 0,3,6,and 9

Note The only ports that can be configured as wired-OR output ports are DIO 6533
(DIO 32HS)ports 0 through 3.

For the VXI-DIO-128, PC-OPDIO-16, and 6%2evices, the port direction is preconfigured

as follows:
Device Input Port Output Port
6527 0-2 3—5
VXI-DIO-128 0-7 8-15
PC-OPDIO-16 1 0
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Using This Function
DIG_Prt_Config  configures the specified port according to the specified direction and
handshake mode. Any configurations not supported by or invalid for the specified port return
an error, and NI-DAQ does not change the port configuration. Information about the valid
configuration of any digital I/O port is in ti®AQ Hardware Overview Guigand Chapter 3,
Software Overviewof theNI-DAQ User Manual for PC Compatibles.

For the DIO-24 (6503), DIO-32F, DIO 6533 (DIO-32HS), DIO-96, and Lab and 1200 Series
devicesPIG_Prt_Config  returns an error if the specified port has been assigned to a group
by a previous call t®IG_Grp_Config orDIG_SCAN_Setup.DIG_Prt_Config  also

returns an error for the DIO-32F and DIO 6533 if the specified port is port 4.

After system startup, the digital I/O ports on all the boards supported by this function are
configured as follows:

dir = O:Input port.

mode = 0: No-handshaking mode.

Also, ports on the DIO-24 (6503), DIO-32F, DIO 6533 (DIO-32HS), DIO-96, and Lab
and 1200 Series devices are not assigned to any group. If this is not the digital I/O
configuration you want, you must c&8llG_Prt_Config  to change the port configuration.
You must calDIG_Grp_Config instead to use handshaking modes on the DIO-32F and
DIO 6533.

This function is optional for the 65&levices because the ports are pre-configured to be either
input or output.

@ Note 6025E devices, AT-MIO-16DE-10, Lab and 1200 Series, PC-AO-2DC,
PC-DIO-24/PnP, and DIO-96 users—Because of the design of the Intel 8255 chip,
calling this function on one port will reset the output states of lines on other ports on the
same 8255 chip. The other ports will remain in the same configuration; input ports are not
affected. Therefore, you should configure all ports before outputting data.

@ Note If you have connected one or more AMUX-64T boards or an SCXI chassis module
to your MIO or Al deviceDIG_Prt_Config  returns dbadPortError if called with port
equal to 0.
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DIG_Prt_Status

Format

status =DIG_Prt_Status

(deviceNumber, port, handshakeStatus)

Purpose
Returns a status word indicating the handshake status of the specified port.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
port i16 digital 1/0O port number
Output
Name Type Description
handshakeStatus *i16 handshake status

Parameter Discussion
port is the digital I/O port number.

Range: 0 or 1 for the DIO-24 (6503) and Lab and 1200 Series devices.

2 or 3 for the AT-MIO-16DE-10 and 6025E devices.
0,1,3,4,6, 7,9, and 10 for the DIO-96.

handshakeStatugreturns the handshake status of the port.
A port is not available for reading from an input port or writing to an output port.
A unidirectional port is available for reading from an input port or writing to an

0:
1:

2:
3:
4:

@ Note

NI-DAQ FRM for PC Compatibles

output port.

A bidirectional port is ready for reading.
A bidirectional port is ready for writing.
A bidirectional port is ready for reading and writing.

C Programmers-handshakeStatuss a pass-by-address parameter.
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Using This Function
DIG_Prt_Status  reads the handshake status of the specified port and returns the port status
in handshakeStatusDIG_Prt_Status , along withDIG_Out_Prt andDIG_In_Prt
facilitates handshaking of digital data between systems. If the specified port is configured
as an input porDIG_Prt_Status  indicates when to calhiG_In_Prt to fetch the data
that an external device has latched in. If the specified port is configured as an output port,
DIG_Prt_Status indicates when to calliG_Out_Prt to write the next piece of data to the
external device. If the specified port is not configured for handshaking, NI-DAQ returns an
error code anttandshakeStatus= 0.

Refer to your device user manual for handshake timing information. If the port is configured
for input handshakindjandshakeStatuscorresponds to the state of the IBF bit. If the port

is configured for output handshakintgandshakeStatuscorresponds to the state of the

OBF* hit.

@ Note You must calDIG_Prt_Config  to configure a port for data direction and
handshaking operation.
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DIG_SCAN_Setup

Format
status =DIG_SCAN_Setup (deviceNumber, group, groupSize, portList, dir)

Purpose
Configures the specified group for port assignment, direction (input or output), and size.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group to be configured
groupSize i16 number of 8-bit ports
portList [i16] list of ports
dir i16 direction, input, or output

Parameter Discussion
group is the group to be configured.

Range: 1 or 2 for most devices.
1 through 8 for the DIO-96.

groupSizeselects the number of 8-bit ports in the group.
Range: 0 through 2 for most devices.
0 through 8 for the DIO-96.

@ Note Zero is to unassign any ports previously assigned to group.

portList is the list of ports iigroup. The order of the ports in the list determines how NI-DAQ
interleaves data in your buffer when you @ft_Block_In  or DIG_Block_Out . The last
port in the list determines the port whose handshaking signal lines NI-DAQ uses to
communicate with the external device and to generate hardware interrupt.
Range: 0 or 1 for most devices.

2 or 3 for the AT-MIO-16DE-10 and 6025E devices.

0,1,3,4,6,7,9, or 10 for the DIO-96.
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dir selects the direction, input or output, to whichgheup is to be configured.
0: Port is configured as an input port (default).
1 Port is configured as an output port.
2: Port is configured as a bidirectional port.

The following ports can be configured as bidirectional:

Device Ports
AT-MIO-16DE-10 and 6025E devices 2
Lab and 1200 Series devices 0
DIO-24 (6503) 0
DIO-96 0,3,6,and 9

Using This Function

DIG_SCAN_Setup configures the specified group according to the specified port assignment
and direction. IgroupSizeis 0, NI-DAQ releases any ports previously assignegdap.

Any configurations not supported by or invalid for the specified group return an error, and
NI-DAQ does not change the group configuration. NI-DAQ subsequently writes to or reads
from ports assigned to a group as a group usiggBlock_In  andDIG_Block_Out .

NI-DAQ can no longer access any ports assigned to a group through any of the non-group
calls listed previously.

Because each port on the DIO-24 (6503), 6025E, AT-MIO-16DE-10, and Lab and 1200 Series
devices has its own handshaking circuitry, extra wiring might be necessary to make data
transfer of a group with more than one port reliable. If the group has only one port, no extra
wiring is needed.

Each input port has a different Strobe Input (STB*) control signal.

*  PC4 on the I/O connector is for port O.

* PC2 on the I/O connector is for port 1.

Each input port also has a different Input Buffer Full (IBF) control signal.
* PC5 on the I/O connector is for port O.
e PC1 on the I/O connector is for port 1.

Each output port has a different Output Buffer Full (OBF*) control signal.
» PC7 on the I/O connector is for port O.
* PC1 on the I/O connector is for port 1.
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Each output port also has a different Acknowledge Input (ACK*) control signal.
« PC6 on the I/O connector is for port 0.
e« PC2 on the I/O connector is for port 1.

On the DIO-96 1/O connector, you can find four different sets of PC pins. They are APC, BPC,
CPC, and DPC. APC pins correspond to port 0 and port 1, BPC pins correspond to port 3 and
port 4, CPC pins correspond to port 6 and port 7, and DPC pins correspond to port 9 and
port 10. For example, CPC7 is the OBF control signal for port 6 and CPCL1 is the OBF for
port 7 if both ports are configured as handshaking output ports.

If a group of ports is configured as input, you need to tie all the corresponding STB* together
and connect them to the appropriate handshaking signal of the external device. You should
connect only the IBF of the last port partList to the external device. No connection is
needed for the IBF of the other port portList .

STB* [ —°

Port x 1

IBF* —

STB* ——9
Port Xo

IBF* | —

STB* |«

Port x | External Device

IBF* P>

(last port in portList)

Figure 2-12. Digital Scanning Input Group Handshaking Connections

If a group of ports is configured as output, you should not make any connection on the control
signals except those for the last portpmmtList . You should make the connection with the
external device as if only the last portportList is in the group. No connection is needed

for any other port on the list.
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ACK* [——
Port x 1

OBF* ——

ACK* [—
Port X5

OBF* |—

L[]

ACK* |—

Port x n External Device

OBF* L

(last port in portList)

Figure 2-13. Digital Scanning Output Group Handshaking Connections

For DIO-24 (6503) users, the correct W1 jumper setting is required toRi@vBlock _In
andDIG_Block_Out to function properly. If port 0 is configured as a handshaking output

port, set jumper W1 to PC4; otherwise, set the jumper to PC6. However, if port 0 is configured
as bidirectional, set the jumper to PC2.

Also, if port 0 is configured as bidirectional on a PC-DIO-24 (6503), port 1 will not be
available.
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DIG_Trigger_Config

Format

status =DIG_Trigger_Config (deviceNumber, group, startTrig, startPol, stopTrig, stopPol,
ptsAfterStopTrig, pattern, patternMask)

Purpose

Sets up trigger configuration for subsequent buffered digital operations with pattern
generation mode only (either internal or external requests).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
startTrig i16 source of start trigger
startPol i16 polarity of start trigger
stopTrig i16 source of stop trigger
stopPol i16 polarity of stop trigger
ptsAfterStopTrig u32 number of points to acquire after the trigger
pattern u32 data pattern on which to trigger
lineMask u32 mask selecting bits to be compared for pattern
or change detection

Parameter Discussion

startTrig specifies the source of the start trigger.
0: Software start trigger.
1 Hardware trigger.
2: Digital pattern trigger (input group only).

startPol specifies the polarity of the start trigger.
0: Active high.
1 Active low.
2: Pattern matched.
3 Pattern not matched.
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stopTrig specifies the source of the stop trigger.
0: None.
1: Hardware trigger.
2 Digital pattern trigger (input group only).

stopPol specifies the polarity of the stop trigger.
0:  Active high.
1 Active low.
2: Pattern matched.
3: Pattern not matched.

ptsAfterStopTrig is the number of data points to acquire following the trigger. This

parameter is valid only BtopTrig is not 0. IfstopTrig is 2, this number will include the

matching pattern.

Range: 2 througbount, wherecount is the value of theount parameter in the
DIG_Block_* functions.

pattern is the digital pattern to be used as a trigger point. This parameter is used only when
eitherstartTrig or stopTrig is 2.

lineMask selects the individual data lines to be compared vshatiTrig or stopTrig is 2
or 3 or when you enable change detection, uBi®) Block_PG_Config . This parameter
allows you to set all thBONT_CARBDits in the pattern. A 0 meab®ONT_CAREbuta 1 is
significant.

Using This Function
If startTrig is O, a digital block operation begins as soon as you €af aBlock_*
function. IfstartTrig is 1, a digital block operation does not begin until NI-DAQ receives an
external trigger pulse on the group’s ACK (STARTTRIG) pin.

If stopTrig is O, a digital block operation ends as soon as the operation reaches the end of the
buffer (unless you enable double buffering with@_DB_Config function). IfstopTrig

is 1, a digital block operation continues in a cyclical mode until NI-DAQ receives an external
trigger pulse on the group’s STOPTRIG pin, at which time NI-DAQ acquires an additional
number of data points specified pisAfterStopTrig before terminating the operation. The
DIG_Block_Check function rearranges the data into chronological order (from oldest to
newest).

If startTrig orstopTrig is 2 or 3, the board compares incoming data to the specified pattern.
The DIO 6533 contains a single pattern-detection circuit per group. Therefore, you cannot set
bothstartTrig andstopTrig to 2 or 3. You also cannot sartTrig orstopTrig to 2 or 3

and also configure a pattern-detection mess@g&Event = 7 or 8) using
Config_DAQ_Event_Message
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If startTrig or stopTrig is 2, the operation starts or stops when the incoming data matches
the pattern on all bits declared significantimgeMask. If startTrig or stopTrig is 3, the
operation starts or stops when the incoming data ceases to match the pattern on all bits
declared significant biineMask. ThelineMask also controls which bits are significant for
change detection, if used. Sa&s_Block_PG_Config  for information about change
detection.

Bits that are significant for one purpose are significant for all purposes. If you configure
both change detection and a start or stop trigger, the lgzgiask applies to both.

If you configure both change detection and a pattern-detection message using
Config_DAQ_Event_Message , useDAQTrigValO instead ofineMask to control

which bits are significant.
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Format

status =Get_DAQ_Device_Info

(deviceNumber, infoType, infoValue)

Purpose
Allows you to retrieve parameters pertaining to the device operation.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
infoType u32 type of information to retrieve
Output
Name Type Description
infoValue *u32 retrieved information

Parameter Discussion

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

*  C programmers-NIDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)
e BASIC programmers-NIDAQCNS.INC
» Pascal programmersNMDAQCNS.PAS
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infoType indicates which parameter to retrieirdoValue reflects the value of the parameter.
infoValue is given either in terms of constants from the header file or as numbers, as

appropriate.

infoType can be one of the following.

infoType

Description

ND_ACK_REQ_EXCHANGE_GR1
ND_ACK_REQ_EXCHANGE_GR2

See theset DAQ_Device_Info  function for details.
ND_NOT_APPLICABLEHf not relevant to the device.

ND_Al_FIFO_INTERRUPTS

Interrupt generation mode is a selection of how the
interrupts are generated in relation to the filling of th
FIFO. If you selecND_INTERRUPT_EVERY_SAMPLE
there is an interrupt generated at every sample entg
into the Al FIFO. If you select
ND_INTERRUPT_HALF_FIFQthere is an interrupt
generated when the Al FIFO becomes half full.

e

ered

ND_BASE_ADDRESS

Base address, in hexadecimal, of the device specifig
deviceNumber.

ND_CALIBRATION_ENABLE

Status of Calibration chann&lD_YESif enabled,
ND_NQf disabled ND_NOT_APPLICABLEHf not
relevant to device.

ND_CLOCK_REVERSE_MODE_GR1
ND_CLOCK_REVERSE-MODE_GR?2

See theset_ DAQ_Device_Info  function for details.
ND_NOT_APPLICABLEHf not relevant to the device.

ND_COUNTER_1_SOURCE

See theset DAQ_Device_Info  function for details.
ND_NOT_APPLICABLEHf not relevant to the device.

ND_COUNTER_TYPE

Type of counter present on board. Example counte
are:ND_NI_TIO, ND_STC, ND_AM9513 , or
ND_8253. If no counter is presemiD_NONES
returned.
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infoType Description
ND_DATA XFER_MODE_AI See theset_ DAQ_Device_Info  function for details.
ND_DATA_XFER_MODE_AO_GR1 ND_NOT_APPLICABLHf not relevant to the device.

ND_DATA_XFER_MODE_AO_GR?2
ND_DATA_XFER_MODE_GPCTRO
ND_DATA_XFER_MODE_GPCTR1
ND_DATA_XFER_MODE_GPCTR2
ND_DATA_XFER_MODE_GPCTR3
ND_DATA_XFER_MODE_GPCTR4
ND_DATA_XFER_MODE_GPCTR5
ND_DATA_XFER_MODE_GPCTR6
ND_DATA_XFER_MODE_GPCTR7
ND_DATA_XFER_MODE_DIO_GR1
ND_DATA_XFER_MODE_DIO_GR?2
ND_DATA_XFER_MODE_DIO_GR3
ND_DATA_XFER_MODE_DIO_GR4
ND_DATA_XFER_MODE_DIO_GR5
ND_DATA_XFER_MODE_DIO_GR6
ND_DATA_XFER_MODE_DIO_GR7
ND_DATA_XFER_MODE_DIO_GRS

ND_DEVICE_TYPE_CODE Type of the device specified loeviceNumber
Seelnit DA Brds  for a list of device type codes.

ND_DMA A LEVEL Level of the DMA channel assigned to the device as

ND_DMA_B_LEVEL channel A, B, and Q\D_NOT_APPLICABLEHf not

ND_DMA_C_LEVEL relevant or disabled.

ND_INTERRUPT_A LEVEL Level of the interrupt assigned to the device as interfupt

ND_INTERRUPT_B_LEVEL A and B.ND_NOT_APPLICABLEHf not relevant or
disabled.

ND_SUSPEND_POWER_STATE State of the USB device power when operating system

enters power saving/suspend mode. Keep in mind that
this applies only to USB devices run by external power.

@ Note C Programmers-nfoValue is a pass-by-address parameter.
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Get_NI_DAQ_Version

Format
status =Get_NI_DAQ_Version (version)
Purpose

Returns the version number of the NI-DAQ library.
Parameter

Output

Name Type Description
version *u32 version humber assigned

Using This Function
Get_NI_DAQ_Version returns a 4-byte value in tversion parameter. The upper two
bytes are reserved and the lower two bytes contain the version number. Always use bitwise
andthe 4-byte value with the hexadecimal value FFFF before using the version number. For
version 6.6, the lower 2-byte value is the hexadecimal value 660.

@ Note C Programmers-versionis a pass-by-address parameter.
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GPCTR_Change_Parameter

Format
status =GPCTR_Change_Parameter (deviceNumber, gpctrNum, paramID, paramValue)

Purpose
Selects a specific parameter setting for the general-purpose counter.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
gpctrNum u32 number of the counter to use
paramID u32 identification of the parameter to change.
paramValue u32 new value for the parameter specified by
paramID

Parameter Discussion

Legal ranges fogpctrNum, paramID, andparamValue are given in terms of constants
defined in a header file. The header file you should use depends on the language you are using:

* C programmers-NIDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)

e BASIC programmers-NIDAQCNS.INC (Visual Basic for Windows programmers should
refer to theProgramming Language Consideratiosection in Chapter 1Jsing the
NI-DAQ Functionsfor more information.)

« Pascal programmershDAQCNS.PAS
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gpctrNum indicates which counter to program. Legal values for this parameter are shown in
Table 2-13.

Table 2-13. Legal Values for gpctrNum Parameter

445X, 671X, and

E Series Devices 455X and 6601 Devices 6602 and 6608 Devices

ND_COUNTER_0O ND_COUNTER_0O ND_COUNTER_0O

ND_COUNTER_1 ND_COUNTER_1 ND_COUNTER_1
ND_COUNTER_2 ND_COUNTER_2
ND_COUNTER_3 ND_COUNTER_3

ND_COUNTER_4
ND_COUNTER_5
ND_COUNTER_6
ND_COUNTER_7

" If you configure the 44%to receive its master clock signal from anotherdger RTSI, ND_COUNTER_0
is not legal.

Legal values foparamValue depend omparamID. The following paragraphs list legal
values forparamID with explanations and corresponding legal valuep&amValue:

paramID =ND_SOURCE
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The general-purpose counter counts transitions of this signal. Corresponding legal values for
paramValue are as follows:

Table 2-14. Legal Values for paramValue when paramID = ND_SOURCE and gpctrNum =ND_Counter_X.

671X, 445X, and E Series Devices NI-TIO Based Devices

ND_PFI_0 throughND_PFI_9—the 10 I/O connector pinsiD_PFI_39* ,
I/0 connector pins*. ND_PFI_35* ,ND_PFI_31,
ND_PFI_27,ND_PFI_23,

ND_RTSL0 throughND_RTS|_6—the ND_PFI_19, ND_PFI_15, andND_PFI_11.

seven RTSI lines.
ND_RTSI_0 throughND_RTSI_6—the seven RTSI

ND_INTERAL_20_MHZand .
lines.

ND_INTERNAL_100_KHZ—the internal
timebases ND_INTERNAL_20 MHZnd

ND_OTHER_GPCTR_Fethe terminal ND_INTERNAL_100_HZz—the internal timebases.

count of the other general-purpose ND_INTERNAL_MAX_TIMEBASE-the maximum
counter (See Table 2-15 for definition ¢ timebase. The value of this timebase can be determined
other counter). by aGPCTR_Watchcall.

ND_DEFAULT_PFI_LINE—selects the | ND_OTHER_GPCTR_GAT&ee Table 2-15 for
default PFI line associated with the definition of other counter).
particular counter source (see Table 2-

for default PFI lines). ND_OTHER_GPCTR_¥¢ethe terminal count of the

other general-purpose counter (See Table 2-15 for
ND_LOW-sets the source to ground or| definition of other counter).
low

1

ND_DEFAULT_PFI_LINE—selects the default PFl line
associated with the particular counter source (see
Table 2-23 for default PFI lines)

ND_LOW-sets the source to ground or low

*ND_PFI_39 ,ND_PFI_35,andND_COUNTER_4hroughND_COUNTER_&re not available on 4%Flevices.
PCI-4453 and PCI-4454 devices do not have I/O connections for PFI pins.

The legal values for NI-TIO based devicesgaramValue whenparamID =ND_SOURCE
andgpctrNum =ND_RTC_X:

+ ND_INTERNAL_ 20 MHZdefault) andND_INTERNAL_MAX_TIMEBASEhe internal
timebasesND_INTERNAL_MAX_TIMEBASEan only be used if it is less than 50 MHz.

e ND_PXI_BACKPLANE_CLOGKLO MHz back planes signal.
ND_PXI_BACKPLANE_CLOCIs only available on PXI devices.

* ND_RTSI_CLOCKRTSI synchronization clock.
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Table 2-15. Definition of Other Counter for paramValue Set to ND_OTHER_GPCTR_TC.
Other Counter: Other Counter:
E Series, 67X, and 6602 and 455X and
gpctrNum 445X Devices 6608 Devices 6601 Devices

ND_COUNTER_0

ND_COUNTER_1

ND_COUNTER_1

ND_COUNTER_1

ND_COUNTER_1

ND_COUNTER_0

ND_COUNTER_0

ND_COUNTER_0

ND_COUNTER_2

ND_COUNTER_3

ND_COUNTER_3

ND_COUNTER_3

ND_COUNTER_2

ND_COUNTER_2

ND_COUNTER_4

ND_COUNTER_5

ND_COUNTER 5

ND_COUNTER_4

ND_COUNTER_6

ND_COUNTER_7

ND_COUNTER_7

ND_COUNTER_6

Table 2-16. Default Source Selection for ND_SIMPLE_EVENT_CNT or ND_BUFFERED_EVENT_CNT.

E Series, 67X and
gpctrNum 445X Devices 660X Devices 455X Devices

ND_COUNTER_O ND_PFI_8 ND_PFI_39 not exposed 2
ND_COUNTER_1 ND_PFI_3 ND_PFI_35 not exposed 2
ND_COUNTER_2 — ND_PFI_31 ND_PFI_31
ND_COUNTER_3 — ND_PFI_27 ND_PFI_27
ND_COUNTER_4 — ND_PFI_23 —
ND_COUNTER_5 — ND_PFI_19 —
ND_COUNTER_6 — ND_PFI_15 —
ND_COUNTER_7 — ND_PFI_11 —

1 For 6601 devices, only counters 0 through 3 apply.

2 You must explicitly set the source of these counters patamID= ND_Source.

@ Note The default source selection for all other applicatioNDOSINTERNAL_20 MHZ.

Use this function witlparamID = ND_SOURCE_POLARITY select polarity of transitions to
use for counting.

NI-DAQ FRM for PC Compatibles 2-210 www.natinst.com



Chapter 2 Function Reference — GPCTR_Change_Parameter

paramID = ND_START_TRIGGERNI-TIO based)
This paramID allows you to change how a counter arms itseffalthmValue is set to
ND_ENABLEDthe counter will be armed using a hardware trigggaitémValue is set to
ND_AUTOMATICthe counter will be armed by a software commai. AUTOMATIGs the
default value.

You can synchronize the arming of multiple counters by using a hardware trigger. Software
must arm the counters before the hardware trigger takes place. The hardware arming circuitry
looks for a rising edge on the hardware arming pin.

paramID = ND_SOURCE_POLARITY
The general-purpose counter counts the transitions of the signal selected by
paramlID = ND_SOURCE.Corresponding legal values fparamValue are as follows:

e ND_LOW_TO_HIGH or ND_POSITIVE—counter counts the low-to-high transitions of
the source signal.

* ND_HIGH_TO_LOW OR ND_NEGATIVEcounter counts the high-to-low transitions of
the source signal.

paramID = ND_PRESCALE_VALUENI-TIO based devices only)
ThisparamID specifies a prescaler to the counter source selection. A prescaler allows you to
divide the frequency of the counter source. Prescaling can allow you to measure frequencies
of signals faster thaD_MAX_TIMEBASECorresponding legal values foaramValue are
as follows:

* l—prescaling is not enabled.
» 2—divides the frequency of the source by 2.

e The value oND_MAX_PRESCAELEdivides the frequency of the source by
ND_MAX_PRESCALHhe value oND_MAX_PRESCALE&an be queried using the
GPCTR_Watch function call.

paramID = ND_ENCODER_TYR®EI-TIO based devices only)
When you are using position measurement applicationgyanénID allows you to set
which type of motion encoder you are using.

Encoders generally have three channels: channels A, B, and faraimID does not deal
with the Z channel. The A channel is connected to the default counter source pin. The
B channel is connected to the aux line pin.

When channel A leads channel B in a quadrature cycle, the counter increments. When
channel B leads channel A in a quadrature cycle, the counter decrements. The amount of
increments and decrements per cycle depends on the type of encoding: X1, X2, or X4.

« ND_QUADRATURE_ENCODER—#igure 2-14 shows a quadrature cycle and the
resulting increments and decrements for X1 encoding. When channel A leads channel B,
the increment occurs on the rising edge of channel A. When channel B leads channel A,
the decrement occurs on the falling edge of channel A. To use this encoder mode, use
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GPCTR_Change_Parameter with paramID = ND_ENCODER_TYPa&nd
paramValue = ND_QUADRATURE_ENCODER_X1.

ChA —] | L ee- | | | -

ChB . ' Less | L] L
Counter __i : . :

Value 8 6 X7 7 X 6 X 5

Figure 2-14. Position Measurement for X1 Encoders

* ND_QUADRATURE_ENCODER—X&s shown in Figure 2-15, the same behavior holds for
X2 encoding except the counter increments or decrements on each edge of channel A,
depending on which channel leads the other. Each cycle results in two increments or
decrements. To use this encoder mode QAETR_Change_Parameter with
paramlID = ND_ENCODER_TYP&hdparamValue = ND_QUADRATURE_ENCODER. X2

ChA —] [ [N [ | I -

ChB — : : e N
Counter __ i ' , H i i i

Value 3 X_6 X7 X8 X9 I X8 X_7 X_ & X5

Figure 2-15. Position Measurement for X2 Encoders
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* ND_QUADRATURE_ENCODER—4s shown in Figure 2-16, the counter increments
or decrements on each edge of channels A and B for X4 encoding. Whether the counter
increments or decrements depends on which channel leads the other. Each cycle
results in four increments or decrements. To use this encoder mode, use
GPCTR_Change_Parameter with paramID =ND_ENCODER_TYRihdparamValue =
ND_QUADRATURE_ENCODER_X4

cha [ 1 [ ]1—_-=°* J ! ! —
chB—— [ 7 [ 7 Leee I T [ [ 7 |1
Counter . & & i 4 & i S R N

:
Value 5 X8 X7 X8 X 9 XaoX11X12X13 13X12X11X10X 9 X8 X7 X6 X5

Figure 2-16. Position Measurement for X4 Encoders

e ND_TWO_PULSE_COUNTINEGAS shown in Figure 2-17, two pulse decoding supports
two channels: channels A and B. A pulse on channel A causes the counter to increment
on its rising edge. A pulse on channel B causes the counter to decrement on its rising
edge. The Z channel is not used for two pulse decoding.

cha — LI 1 M1
Cc{lfgltueé 22X 3 X 4 X5 X 4 X _3 X4

Figure 2-17. Position Measurement Using Two Pulse Encoders
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paramID = ND_GATE

This signal controls the operation of the general-purpose counter in some applications. The

Function Reference — GPCTR_Change_Parameter

default values oparamValue for paramID = ND_GATE are shown in Table 2-17.

Table 2-17. Legal Values for paramValue when paramlID = ND_GATE and gpctrNum =ND_COUNTER_X.

E Series, 67X, and
445X Devices

660X Devices

455X Devices

ND_PFI_0 through
ND_PFI_9—the 10 I/O
connector pind.

ND_RTSI_0 through
ND_RTSI_6—the seven RTSI
lines.

ND_IN_START_TRIGGERand
ND_IN_STOP_TRIGGER-
the input section triggers.

ND_OTHER_GPCTR_OUTRYT
the output of the other
general-purpose counter (Se
Table 2-22 for definition of
other counter).

ND_LOW-sets the gate to
ground or low.

ND_NONEturns off gating for
the data operation.

ND_PFI_38, ND_PFI_34,
ND_PFI_30, ND_PFI_26,
ND_PFI_22,ND_PFI_18,
ND_PFI_14, and
ND_PFI_10.2

ND_RTSI_0 through
ND_RTSI_6—the seven RTSI
lines.

ND_OTHER_GPCTR_OUTPUT
(See Table 2-22 for definition
of other counter).

ND_OTHER_GPCTR_SOURGH
the selected source of the oth
general-purpose counter (Seq
Table 2-22 for definition of
other counter).

ND_SOURGE-source of the
counter.

ND_LOW-sets the gate to
ground or low.

ND_NONEturns off gating for

the data operation.

ND_PFI_30, ND_PFI_26,
ND_PFI_22, ND_PFI_18,
ND_PFI_14, andND_PFI_10.

ND_RTSI_0 through
ND_RTSI_6—the seven RTSI
lines.

ND_OTHER_GPCTR_OUTPUT
(See Table 2-22 for definition
of other counter).

ND_OTHER_GPCTR_SOURECH|
the selected source of the oth
general-purpose counter (Se
Table 2-22 for definition of
other counter).

ND_SOURGE-source of the
counter.

ND_LOW-sets the gate to
ground or low.

ND_NONEturns off gating for
the data operation.

1%

IND_PFI_2 andND_PFI_5 not valid for 45X devices. PCI-4453 and PCI-4454 devices do not have I/O connec|

for PFI pins or general purpose counter outputs.

2 For 6601 devices, onMD_PFI_38 throughND_PFI_26 apply.

tions
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Table 2-18. Default Gate Selection

E Series, 67X and
gpctrNum 445X Devices 660X Deviced 455X Devices

ND_COUNTER_O ND_PFI9 ND_PFI_38 not exposed 2
ND_COUNTER_1 ND_PFl4 ND_PFI_34 not exposed 2
ND_COUNTER_2 N/A ND_PFI_30 ND_PFI_30
ND_COUNTER_3 N/A ND_PFI_26 ND_PFI_26
ND_COUNTER_4 N/A ND_PFI_22 N/A
ND_COUNTER_5 N/A ND_PFI_18 N/A
ND_COUNTER_6 N/A ND_PFI_14 N/A
ND_COUNTER_7 N/A ND_PFI_10 N/A

1For 6601 devices, only counters 0 through 3 apply.

2You must explicitly set the source of these counters patamID= ND_GATE.

Use this function witlparamID =ND_GATE_POLARITYo select polarity of the gate signal.

paramIiD = ND_GATE_POLARITY
This gate signal controls the operation of the general-purpose counter in some applications.
In those applications, you can use polarity of the gate signals to modify behavior of the
counter. Corresponding legal values paramValue are as follows:

« ND_LOW_TO_HIGH or ND_POSITIVE
« ND_HIGH_TO_LOW or ND_NEGATIVE

The meaning of the twWiD_GATE_POLARITYselections is described in the
GPCTR_Set_Application  function.

paramID = ND_Z_INDEX_VALUE(NI-TIO based devices only)
This parameter allows automatic reloading of counter when a quadrature Z-Index pulse
occurs for position measurement applications. To mikeZ INDEX_VALUEactive, set
paramID=ND_Z INDEX_ACTIVEto paramValue = ND_YES The counter is reloaded with
avalue from 0to2- 1.The Z-Index pulse of a quadrature encoder is connected to the default
gate pin of the counter performing the position measurement. With this setting, the counter
reloads if it sees a high level on the Z pin and channels A and B are both in the low state.

paramID = ND_Z_INDEX_ACTIVE (NI-TIO based devices only)
This parameter allows automatic reloading of the counter when a gate edge occurs. The
counter is reloaded to the value set byghemID =ND_zZ_INDEX_VALUE The legal vales
for this areND_YESandND_NO ThisparamID with paramValue =ND_YEScan be used for
position measurement applications that involve quadrature encoders. The Z-Index pulse of a
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quadrature encoder can be connected to the gate pin. With this setting, the counter will reload
every time it sees a high level on the Z pin and channels A and B are both in the low state.

Figure 2-18 shows an example of X4 quadrature decoding. The reload of the counter occurs
when A and B are low and Z is high. Also, the actual reload occurs within one maxtimebase
period after the reload phase becomes true. After the reload occurs, the counter continues to
count from the specified reload value.
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Figure 2-18. X4 Quadrature Decoding with Z indexing

You can enable Z-Index pulse for quadrature encoders by making a
GPCTR_Change_Parameter call with paramID =ND_Z_INDEX_ACTIVEand

paramValue = ND_YES The Z-Index signal should be connected to default gate for the
counter that is being used. The value to which the count should reset in the event of a Z-Index
pulse can be specified by makinGBCTR_Change_Parameter call with paramID =

ND_Z INDEX_VALUE

@ Note By default, the counter will start counting from 0. You can alter this by calling
GPCTR_Change_Parameter with a paramID set tND_INITIAL_COUNT. A good
technique for setting the initial value is to set it in an invalid range. When the counter
receives a Z-Index, the value of the counter is placed in a valid range. This technique
allows you to detect the initial Z-Index.

An example use of thigaramID is shown below:

Create u32 variable gpctrNum;

Create u32 variable counterValue;

gpctrNum = ND_COUNTER_O

GPCTR_Control (deviceNumber, gpctrNum, ND_RESET)
GPCTR_Set_Application(deviceNumber, gpctrNum, ND_POSITION_MSR)
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GPCTR_Change_Parameter (deviceNumber, gpctrNum,
ND_ENCODER_TYPE,ND_QUADRATURE_ENCODER_X1)

[*specify that the counter reloads to value of 1000 every time a
Z-Index pulse occurs*/

GPCTR_Change_Parameter (deviceNumber, gpctrNum, ND_Z_INDEX_ACTIVE,
ND_YES);

GPCTR_Change_Parameter (deviceNumber, gpctrNum, ND_Z_INDEX_VALUE,
1000)

[*load the counter initially with a bogus value for Z-Index
detection*/

GPCTR_Change_Parameter (deviceNumber, gpctrNum, ND_INITIAL_COUNT,
10000)

GPCTR_Control (deviceNumber, gpctrNum, ND_PROGRAM)

Repeat as long as required by your application

{

/*you can check for a valid value for counterValue here*/
GPCTR_Watch (deviceNumber, gpctrNum, ND_COUNT, counterValue)
Output counterValue

}

GPCTR_Control (deviceNumber, gpctrNum, ND_RESET)

paramID = ND_AUX_LINE(NI-TIO based devices only)
This signal controls the operation of the general-purpose counter in two signal edge
separation measurements. Corresponding legal valuparfamValue are shown below:

« ND_PFI_37,ND_PFI_33,ND_PFI_29,ND_PFI_25,ND_PFI_21,ND_PFI 17,
ND_PFI_13,ND_PFI_9

* ND_RTSI_0throughND_RTSI_6—the seven RTSI lines.
 ND_OTHER_GPCTR_OUTP(Bee Table 2-22 for definition of the other counter).

 ND_OTHER_GPCTR_SOUREthe selected source of the other general-purpose counter
(See Table 2-22 for definitions of other counters).

« ND_SOURGEthe source of the counter
* ND_LOW-sets the aux line to ground

@ Note ND_PFI_37 andND_PFI_33 arenot available on 455X devices.
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The default values gdfaramValue for paramID = ND_AUX_LINEare shown in Table 2-19.

Table 2-19. Default Aux Line Selection

gpctrNum 660X Devices 455X Devices

ND_COUNTER_O ND_PFI_37 not exposed 2
ND_COUNTER_1 ND_PFI_33 not exposed 2
ND_COUNTER_2 ND_PFI_29 ND_PFI_29
ND_COUNTER_3 ND_PFI_25 ND_PFI_25
ND_COUNTER_4 ND_PFI_21 N/A
ND_COUNTER_5 ND_PFI_17 N/A
ND_COUNTER_6 ND_PFI_13 N/A
ND_COUNTER_7 ND_PFI_9 N/A

1 For 6601 devices, only counters 0 through 3 apply.

2 You must explicitly set the source of these counters pétiamIiD= ND_AUX_LINE.

paramID = ND_AUX_LINE_POLARITY(NI-TIO based devices only)
This signal controls the operation of the general-purpose counters in the two signal edge
separation measurements. In those applications you can use polarity of the aux line signals to
modify behavior of a counter. Corresponding legal valuepdoimValue are shown below:
¢ ND_POSITIVE

« ND_NEGATIVE

The meaning of the twidD_AUX_LINE_POLARITYselections is described in the
GPCTR_Set_Application ~ f unction.

paramID = ND_INITIAL_COUNT
The general-purpose counter starts counting from this number when the counter is configured
for one of the simple event counting and time measurement applications. Corresponding legal
values forparamValue are shown in Table 2-20.

Table 2-20. Legal Values for paramValue when paramlID = ND_INITIAL_COUNT.

E Series, 67X and 445 Devices 660X and 455X Devices
0 through 24— 1 0 through 22— 1

For pulse train generation and frequency shift keying applications, this number specifies an
initial delay after arming the counter but before the pulse train generation actually starts. Valid
values are between 2 an# 21 and are only applicable for NI-TIO based devices.
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paramID = ND_COUNT_JIND_COUNT_2ND_COUNT_AD_COUNT_4
The general-purpose counter uses these numbers for pulse width specifications when the
counter is configured for one of the simple pulse and pulse train generation applications.
Corresponding legal values fparamValue are shown in Table 2-21.

Table 2-21. Legal Values for paramValue when paramID = ND_COUNT_1, ND_COUNT_2,
ND_COUNT_3, and ND_COUNT_4

E Series, 67X and 445 Devices 660X and 455X Devices

2 through 24 -1 2 through 22— 1

You may seamlessly change the frequency of your pulse train if you call
GPCTR_Set_Application  with application = ND_PULSE_TRAIN_GNRTo do so, you can
call GPCTR_Change_Parameter with paramID = ND_COUNT_br ND_COUNT_2fter you
have started your pulse traithen callGPCTR_Control with action=ND_SWITCH_CYCLB
activate the new duty cycle.

paramiD = ND_AUTOINCREMENT_COUNT
The value specified bD_COUNT_is incremented by the value selected by
ND_AUTOINCREMENT_COUBNery time the counter is reloaded with the value specified
by ND_COUNT_1

For example, with this feature you can generate retriggerable delayed pulses with
incrementally increasing delays. You can then use these pulses for applications such as
equivalent time sampling (ETS). Corresponding legal valuegeamValue are 0

through 2 - 1.

paramID = ND_UP_DOWN
When the application iSD_SIMPLE_EVENT_CN®rND_BUFFERED_EVENT_CNjou can
use the up or down control options of the counters. Software or hardware can perform the up
or down control.

Software Control

The software up or down control is available by default; if you do not use the
GPCTR_Change_Parameter function withparamID set toND_UP_DOWithe counter is
configured for the software up or down control and starts counting up or down as required by
your application. To set the counting direction prior to counting, use the
GPCTR_Change_Parameter function with theparamID set toND_UP_DOWand the
paramValue set toND_COUNT_DOWRb change the counting direction while counting is in
progress, use tt@PCTR_Control function with the action set t¢D_COUNT_UBr
ND_COUNT_DOWN

Hardware Gontrol

To use a hardware signal to control the counting direction, use 1/0O connector lines as shown
in Table 2-22; the counter will count down when the I/O line is in the low state and up when
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it is in the high state. Use tll@CTR_Change_Parameter function with theparamID set to
ND_UP_DoOwand thegparamValue set toND_HARDWARE take advantage of this counter

feature.
Table 2-22. Default Up/Down Selebtion
E Series and
gpctrNum 671X Devices 660X Devices 455X Devices

ND_COUNTER_O Digital 1/0O Line 6 ND_PFI_37 not exposed 2
ND_COUNTER_1 Digital I/O Line 7 ND_PFI_33 not exposed 2
ND_COUNTER_2 N/A ND_PFI_29 ND_PFI_29
ND_COUNTER_3 N/A ND_PFI_25 ND_PFI_25
ND_COUNTER_4 N/A ND_PFI_21 N/A
ND_COUNTER_5 N/A ND_PFI_17 N/A
ND_COUNTER_6 N/A ND_PFI_13 N/A
ND_COUNTER_7 N/A ND_PFI_9 N/A

1 For 6601 devices, only counters 0 through 3 apply.

2 You cannot use up/down pins with counters 0 and 1.

paramID = ND_BUFFER_MODE
Corresponding legal values fparamValue are shown below:

e ND_SINGLEfor single buffer operation.
« ND_CONTINUOUS®IF continuous buffer operation.

paramID = ND_OUTPUT_MODE
This value changes the output mode from default toggle (the output of the counter toggles on
each terminal count) to pulsed (the output of the counter makes a pulse on each terminal
count). A counter reaches its terminal count each time it reaches zero from either direction.
The corresponding settingspdramValue areND_PULSEandND_TOGGLEAIso, you might
need to enable your output pin wihklect_Signal

paramID = ND_OUTPUT_POLARITY
This paramID allows you to change the output polarity from default positive (the normal
state of the output is TTL low) to negative (the normal state of the output is TTL-high). The
corresponding settings paramValue areND_POSITIVE andND_NEGATIVE Also, you
might need to enable your output pin wtlect_Signal

paramID = ND_COUNTING_SYNCHRONO(&r NI-TIO based devices only)
ThisparamID allows the counter to count synchronously or asynchronously. By default,
the NI-TIO and STC count asynchronously.
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Asynchronous counting can cause problems during a buffered acquisition when no source
edges are present between two gate edges. A false repetitive reading is made in this case.

To get around this problem, set the NI-TIO into a synchronous counting mode. This always
latches the correct value when you encounter no source edges between two gate edges. If you
receive source edges at a rate greater than or equal to half of the maximum timebase, then you
should not use synchronous mode. Use synchronous mode for buffered acquisitions with a
source slower than half the maximum timebase only.

Valid value forparamValue areND_NCandND_YES

Using This Function
This function lets you customize the counter for your application. You can use this function
after theGPCTR_Set_Application ~ function, and befor&6PCTR_Control function with
action = ND_PREPARBraction = ND_PROGRAMou can call this function as many times as
you need to.
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GPCTR_Config_Buffer

Format
status =GPCTR_Config_Buffer  (deviceNumber, gpctrNum, reserved, numPoints, buffer)

Purpose
Assigns a buffer that NI-DAQ will use for a buffered counter operation.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
gpctrNum u32 number of the counter to use
reserved u32 reserved parameter, must be 0
numPoints u32 number of data points the buffer can hold
Input/Output
Name Type Description
buffer [u32] conversion samples returned

Parameter Discussion

The legal range fogpctrNum is given in terms of constants defined in a header file. The

header file you should use depends on the language you are using:
e C programmers-NIDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)

e BASIC programmers-NIDAQCNS.INC (Visual Basic for Windows programmers should

refer to theProgramming Language Consideratiogection in Chapter 1)sing the
NI-DAQ Functionsfor more information.)

» Pascal programmershtDAQCNS.PAS

gpctrNum indicates which counter to program. Legal values for this parameter are in

Table 2-13.

numPointsis the number of data points theffer can hold. The definition of a data point

depends on the application the counter is used for. Legal range is 2 thféugh 2
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When you use the counter for one of the buffered event counting or buffered time
measurement operations, a data point is a single counted number.

buffer is an array of unsigned 32-bit integers.

Using This Function

You need to use this function to use a general-purpose counter for buffered operation. You
should call this function after calling ti@&PCTR_Set_Application  function.

NI-DAQ transfers counted values into theffer assigned by this function when you are
performing a buffered counter operation.

If you are using the general-purpose counter for

*+ ND_BUFFERED_EVENT_CNT

* ND_BUFFERED_PERIOD_MSR
 ND_BUFFERED_SEMI_PERIOD MSR

+ ND_BUFFERED_POSITION_MSR

* ND_BUFFERED_PULSE_WIDTH_MSR

« ND BUFFERED TWO_SIGNAL _EDGE_SEPARATION_ MSR

you should wait for the operation to be completed before accessing the buffer if
ND_BUFFER_MODE = ND_SINGLE

If you specifyND_BUFFERED_MOD&beND_SINGLE you set up a single buffered operation.

For single buffered operations, the operation stops when the buffer has been filled—if you
wish to acquire more data, you need to set up the operation again. If you wish to acquire data
continuously, you should seD_BUFFER_MODB ND_CONTINUOUSN continuous buffered
operation mode you can uS®CTR_Read_Buffer to access parts of the buffer while the
operation is in progress.
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GPCTR_Control

Format

status =GPCTR_Control (deviceNumber, gpctrNum, action)

Purpose
Controls the operation of the general-purpose counter.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
gpctrNum u32 number of the counter to use
action u32 the action NI-DAQ takes

Parameter Discussion

Legal ranges for thgpctrNum andaction are given in terms of constants defined in a header
file. The header file you should use depends on the language you are using:

e C programmers-NIDAQCNS.H(DATAAQC.Hfor LabWindows/CVI)

e BASIC programmers-NMDAQCNS.INC (Visual Basic for Windows programmers should
refer to theProgramming Language Consideratiogesction in Chapter 1)sing the
NI-DAQ Functionsfor more information.)

e Pascal programmersMDAQCNS.PAS

gpctrNum indicates which counter to program. Legal values for this parameter are shown in

Table 2-13.
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action is what NI-DAQ performs with the counter. Legal values for this parameter are as
follows.

Table 2-23. Legal Values for the action Parameter

action Description

ND_PREPARE Prepare the general-purpose counter for the operation selected
by invocations of th6&PCTR_Set_Application  and
(optionally) GPCTR_Change_Parameter function. Do not arm
the counter.

ND_ARM Prepares the counter to start, for example, with the gate go|ng
high. If the gate has already gone high, the counter starts
counting.

ND_DISARM Restores the state of the counter, as if you had not ¢dleaRI
regardless of whether the counter is currently counting. This
parameter works like asD_STORparameter because it stops the
counter.

ND_PROGRAM ND_PREPARENd therND_ARMhe counter.

ND_RESET Returns the counter to the power-on state but does not change the
polarity.

ND_COUNT_UP Change the counting direction to UP. lgpctrNum =
ND_COUNTER_#nly. SedJsing This Functiorbelow.

ND_COUNT_DOWN Change the counting direction to DOWN. FmctrNum =
ND_COUNTER_#nly. SedJsing This Functiorbelow.

ND_SWITCH_CYCLE | This action can be used to change the properties of a continuous
pulse that was started usiGCTR_Set Application  with
application =ND_PULSE_TRAIN_GNRIf you use
ND_SWITCH_CYCLREfter the counter is armed, the counter
will be reloaded with the latest values specified by
GPCTR_Change_Parameter with paramID = ND_COUNT _1
andND_COUNT_2ForgpctrNum = ND_COUNTER_#nly.

ND_SNAPSHOT This action sets several buffer-related readable parameters
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Using This Function

You should use the following sequence of calls to start your counter:
1. GPCTR_Set_Application

2. GPCTR_Change_Parameter (optional)
3. GPCTR_Config_Buffer  (optional)
4. GPCTR_Control (to start the counter)

Typically, you need only on@PCTR_Control call (as shown above) witkction=

ND_PROGRAWM prepare and arm your computer. If you need to minimize the time between a
software event (a call t8BPCTR_Control ) and a hardware action (when the counter starts
counting), use two calls ®PCTR_Control instead. The first call withction =
ND_PREPARPprepares your counter for the application you specify. The second call with
action = ND_ARMarms the counter.

You can use this function withction = ND_RESETwhen you want to halt the operation the
general-purpose counter is performing.

Use action®ND_COUNT_UBRNndND_COUNT_DOW®dIchange the counting direction.
You can do this only when your applicatiorNB_SIMPLE_EVENT_CNDr
ND_BUFFERED_EVENT_CNind the counter is configured for software control of the
counting direction for up or down.

Use actioND_SWITCH_CYCLBnly if your application ilND_PULSE_TRAIN_GNR

Use actioND_SNAPSHOfor capturing real-time information on buffered acquisitions.
This action sets the following parameters:

« ND_READ_MARK_H_SNAPSHOT
« ND_READ_MARK_L_SNAPSHOT
« ND_WRITE_MARK_H_SNAPSHOT
« ND_WRITE_MARK_L_SNAPSHOT
« ND_BACKLOG_H_SNAPSHOT

« ND_BACKLOG_L_SNAPSHOT

ND_ARMED_SNAPSHOT

You can read these values witiBGBCTR_Watchcall as explained in thePCTR_Watch
function description.

¢ ND_SECONDSor gpctrNum =ND_RTC_Xonly.
*« ND_NANO_SECONB®r gpctrNum =ND_RTC_Xonly.
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GPCTR_Read_Buffer

Format

status =GPCTR_Read_Buffer (deviceNumber, gpctrNum, readMode, readOffSet,
numPtsToRead, timeOut, numPtsRead,buffer)

Purpose
Returns the data from a asynchronous counter input operation. The read mode and offset
combined allow you to specify the location from which to read the data.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
gpctrNum u32 number of the counter to use
readMode u32 the parameter to set the reading point in the buffer
readOffSet i32 the offset from the reading point
numPtsToRead u32 the number of points to read
timeOut f64 time for which this function will wait before
returning
Output
Name Type Description
numPtsRead u32 the number of points actually read
Input/Output
Name Type Description
buffer [u32] conversion samples returned

Parameter Discussion
gpctrNum indicates which counter to program. Legal values for this parameter are shown in
Table 2-13.
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The type of read operation specifiedéadModeis used in conjunction with theadOffSet
to compute the reading mark. Basically, read mark = reading point (specifiedddode)
+ readOffSet ThereadMode can have the following legal values:

« ND_READ_MARKThe reading point is placed at the location of the current read mark.
« ND_BUFFER_STARFThe reading point is placed at the start of the buffer.

* ND_WRITE_MARK-The reading point is placed at a position in the buffer that has the
latest data.

readOffSetis the offset that is added to the reading point specifieddgiMode to compute
the location in the buffer from which data is to be read.

numPtsToReadis the number of points to retrieve from the buffer being used.

timeOut is the time in seconds that specifies the maximum amount of time this function
should wait before returning. timeOut is 0O, this function returns immediately. If the
requested amount of data is not available, the appropriate error code is returned.

statusis the return value that specifies success (return valueo®eodNriteError .

numPtsReadis passed by reference. When this function retumms\PtsReadholds the
value of the actual number of inputs that were read.

buffer is the destination buffer to hold the retrieved data. Its size shoad i@ Pts.

Using This Function
You need to use this function for reading data from a buffer during continuous-buffered or
asynchronous data acquisition. Reading the buffer yourself can be dangerous—especially
during continuous-buffered operations.

Single buffered operations fill the buffer with data from beginning to end. After the buffer has
been filled, the counter disarms itself.

Continuous-buffered operations fill the buffer in a circular manner. If data is not read quickly
enough, then it is overwritteBPCTR_READ_BUFFHERKes all this into account when reading
the buffer.

This function can report multiple errors. There are three types of errors that this function can
report. Here are the rules of precedence:

e Miscellaneous Errors—These types of errors such as invalid errors will typically
prevent the function from operating. These types of errors are reported over all other
types of errors.
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» overWriteError —This error can be reported during buffered operations. It indicates
that the user did not read data from the buffer quickly enough and data was overwritten.
If miscellaneous error occurs repeatedly during a read function, this can cause an
overWriteError . The miscellaneous errors will be reported overotrerWriteError .
However, theoverWriteError will be reported the next time a miscellaneous error does
not occur during &PCTR_Watchor GPCTR_Readcall. Finally, theoverWriteError is
only issued once per overwrite. If one or more over write errors occur, then one over write
error will be issued during the neXPCTR_Watchor GPCTR_Readcall.

» dataLossError—This error can be reported during buffered operations. It indicates that
the internal counter FIFO overflowed. Once this errors occurs, it is repeatedly reported
until the end of the acquisition. All subsequeMCTR_WatchandGPCTR_Readcalls
will return this error. Any other error will be reported over a datalLossError.
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GPCTR_Set_Application

Format
status =GPCTR_Set Application  (deviceNumber, gpctrNum, application)
Purpose
Selects the application for which you use the general-purpose counter.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
gpctrNum u32 number of the counter to use
application u32 application for which to use the counter

Parameter Discussion

Legal ranges fogpctrNum andapplication are given in terms of constants that are defined
in a header file. The header file you should use depends on which of the following languages
you are using:

e C programmers-NIDAQCNS.H(DATAACQ.Hfor LabWindows/CVI)

¢ BASIC programmers-NMDAQCNS.INC (Visual Basic for Windows programmers should
refer to theProgramming Language Consideratiogesction in Chapter 1)sing the
NI-DAQ Functionsfor more information.)

e Pascal programmersMDAQCNS.PAS

gpctrNum indicates which counter to program. Legal values for this parameter are shown in
Table 2-13.

NI-DAQ FRM for PC Compatibles 2-230 www.natinst.com



Chapter 2 Function Reference — GPCTR_Set_Application

application can be one of the following.

Table 2-24. Descriptions for application

Group Application Description
Simple ND_SIMPLE_EVENT_CNT Simple event counting
Counting . . .
) ND_SINGLE_PERIOD_MSR Simple single period measurement
and Time
Measurement ND_SINGLE_PULSE_WIDTH_MSR Simple single pulse-width measurement
ND_TRIG_PULSE_WIDTH_MSR Pulse-width measurement you can use for

recurring pulses

ND_TWO_SIGNAL_EDGE_SEPARATION_MY Measurement between edges of two
separate signals (NI-TIO based devices

only)
ND_POSITION_MSR Tracks position for motion encoder based
applications (NI-TIO based devices only)
Simple Pulse ND_SINGLE_PULSE_GNR Generation of a single pulse
and Pulse Train - . .
) ND_SINGLE_TRIG_PULSE_GNR Generation of a single triggered pulse
Generation
ND_RETRIG_PULSE_GNR Generation of a retriggerable single pulse
ND_PULSE_TRAIN_GNR Generation of pulse train
ND_FSK Frequency Shift-Keying
Buffered ND_BUFFERED_EVENT_CNT Buffered, asynchronous event counting
Countin -
. 9 ND_BUFFERED_PERIOD_MSR Buffered, asynchronous period
and Time
measurement
Measurement
ND_BUFFERED_SEMI_PERIOD_MSR Buffered, asynchronous semi-period
measurement
ND_BUFFERED_PULSE_WIDTH_MSR Buffered, asynchronous pulse-width
measurement
ND_BUFFERED_TWO_SIGNAL_EDGE_ Buffered, asynchronous measurement
SEPARATION_MSR between edges on two separate signals.

(NI-TI1O based devices only)

ND_BUFFERED_POSITION_MSR Buffered, position tracking of quadratur
encoders (NI-TIO based devices only)

m

_CNTindicatesCounting
_MSRindicatesMeasurement
_GNRindicatesGeneration
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Using This Function

NI-DAQ requires you to select a set of parameters so that it can program the counter hardware.
Those parameters include, for example, signals to be used as counter source and gate and the
polarities of those signals. A full list of the parameters is given in the description of the
GPCTR_Change_Parameter function. By using th6&PCTR_Set_Application  function,

you assign specific values to all of those parameters. If you want to change the default settings
used by this function, you can alter them by usingP€TR_Change_Parameter function.

When using DMA for bufferePCTRoperations on E Series and #4devices, you should

use the internal 20 MHz timebase over the internal 100 kHz timebase. The 100 kHz timebase
does not work correctly when you are using DMA. For measuring gate signals slower than the
internal 20 MHz timebase will allow, or when you need to use DMA, we recommend using
external timebases. You can use DMA operations on typical 486-based machines without any
errors for gate signals of up to 50 kHz using the internal 20 MHz timebase. Trying to achieve
rates higher than 50 kHz might caggetrDatalLossError. This error might cause some
computers to lock up because of a memory parity error.

The behavior of the counter you are preparing for an application with this function depends
onapplication, your future calls of th&PCTRunctions, and the signals supplied to the
counter. The following paragraphs illustrate typical scenarios.

application =ND_SIMPLE_EVENT_CNT

In this application, the counter is used for simple counting of events. By default, the events
are low-to-high transitions on the default source pins (see Table 2-16 for default source
selections). The counter counts up starting from 0, and it is not gated. You can set the gate by
usingGPCTR_Change_Parameter . This allows you to gate or control whether the counter is
active. The counter is active only when the gate is high.

Figure 2-19 shows one possible scenario of a counter useb f&IMPLE_EVENT_CNafter
the following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)
GPCTR_Set_Application(deviceNumber, gpctrNum, ND_SIMPLE_EVENT_CNT)
GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-19, the following behavior is present:
e Source is the signal present at the counter source input.

e Count is the value you would read from the counter if you calle@B@IR_Watch
function withentitylD = ND_COUNTThe different numbers illustrate behavior at
different times
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source M M L M

Count 0 1 2 5 6 6

Figure 2-19. Simple Event Counting

The following pseudocode continuation of the example given earlier illustrates what
you can do to read the counter value continuouGBQTR_Watchfunction with
entitylD = ND_COUNToes this) and print it:

Repeat Forever
{
GPCTR_Watch(deviceNumber, gpctrNum, ND_COUNT, counterValue)

Output counterValue.

}

When the counter reaches terminal count (TC), it rolls over and keeps counting. TC is reached
when a counter reaches zero from either direction. To check if this occurred, use
GPCTR_Watchfunction withentitylD settoND_TC_REACHERefer to Table 2-25 for TC for

E Series, 674, 445X, 455X, and 66X devices.

Table 2-25. Terminal Count

E Series, 67X and 445 Devices 660X and 455X Devices

224_1 2821

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_SIMPLE_EVENT_CNTYou can change the following:

* ND_SOURCH any value
« ND_SOURCE_POLARIT®OND _HIGH TO_LOW

* ND_GATRo any legal value listed in tt@CTR_Change_Parameter function
description.

* ND_GATE_POLARITYto ND_NEGATIVE0 count only when the gate is low.
You can use th6PCTR_Change_Parameter function after calling

GPCTR_Set_Application  and before callingPCTR_Control with
action = ND_PROGRA®BY ND_PREPARE
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application = ND_SINGLE_PERIOD_MSR

In this application, the counter is used for a single measurement of the time interval between
two transitions of the same polarity of the gate signal. By default, the events are low-to-high
transitions on the default gate connector pins (see Table 2-18). The counter uses the 20 MHz
internal timebaseND_INTERNAL_20_MHZas its source, so the resolution of measurement is

50 ns. The counter counts up starting from O.

With the default 20 MHz timebase, combined with the counter width (24 bits), you can
measure a time interval between 100 ns and 0.8 s long. For the NI-TIO based devices, the
32 bit wide counters allow you to measure a time interval between 100 ns and 214 s long using
this timebase. If you wish to achieve greater resolution, you can use max-timebase
(ND_INTERNAL_MAX_TIMEBASHNSstead.

Figure 2-20 shows one possible scenario of a counter usi® f&INGLE_PERIOD_MSR
after the following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)
GPCTR_Set_Application(deviceNumber, gpctrNum, ND_SINGLE_PERIOD_MSR)
GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-20, the following behavior is present:
« Gate is the signal present at the counter gate input.
e Source is the signal present at the counter source input.

e Count is the value you would read from the counter if you calle@B@IR_Watch
function withentitylD = ND_COUNTThe different numbers illustrate behavior at
different times.

e Armed is the value you would read from the counter if you calleGH®TR_Watch
function withentitylD = ND_ARMEDThe different values illustrate behavior at different
times.

Measured |

I
< nterval

Source J_I_I_LI_L'J_LI_I_I_IJ_EJ_I_I_I_I_LI_I_I_IJ_I_I_L

Count 0

Armed YES YES NO NO NO

Figure 2-20. Single Period Measurement
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Use theGPCTR_Watchfunction withentitylD = ND_ARMEDo monitor the progress of the
counting process. This measurement completes whtityValue become&D_NOWhen
the counter is no longer armed, you can retrieve the counted value byesing_Watch
with entitylD = ND_COUNTYou can do this as follows:

Create u32 variable counter_armed.
Create u32 variable counted_value.

repeat

{
GPCTR_Watch(deviceNumber, gpctrNumber, ND_ARMED, counter_armed)

}

until (counter_armed = ND_NO)
GPCTR_Watch(deviceNumber, gpctrNumber, ND_COUNT, counted_value)

To calculate the measured interval, you need to multiply the counted value by the period
corresponding to the timebase you are using. For example, iNgDWBOURCHS
ND_INTERNAL_20_MHZthe interval will be 1/(20 MHz) = 50 ns. If th\D_COUNTS 4,

(Figure 2-20), the actual interval is 4 * 50 ns = 200 ns.

When the counter reaches terminal count (see Table 2-25), it rolls over and keeps counting.
To check if this occurred, use tB®CTR_Watchfunction withentitylD set to
ND_TC_REACHED

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_SINGLE_PERIOD_MSRYou can change the following:

* ND_SOURCEND_INTERNAL_100_KHZ With this timebase, you can measure the time
interval between 20 ps and 160 s for E SeriesXpa@thd 44X (24 bits) devices and a
time interval of 2Qus and 11.37 hours for NI-TIO based devices (32 bits). The resolution
will be lower than that you obtain using thB_INTERNAL_20_MHzimebase. For
NI-TIO based devices, you can use_INTERNAL_MAX_TIMEBASKor higher
resolution.

+ ND_SOURCE_POLARITtO ND_HIGH_TO_LOW

*« ND_GATHoO any legal value listed in tt&PCTR_Change_Parameter function
description.

* ND_GATE_POLARITY0 ND_NEGATIVE The interval will be measured from a
high-to-low to the next high-to-low transition of the gate signal.

You can use th6PCTR_Change_Parameter function after calling
GPCTR_Set_Application  and before callinGPCTR_Control with
action = ND_PROGRA®SY ND_PREPARE
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To provide an external timebase, you can connect your timebase source to an appropriate PFI
pin on the I/O connector and change SOURCENAND_SOURCE_POLARITH0 the
appropriate values.

You also can configure the other general-purpose countebfd?ULSE_TRAIN_GNRNd set
ND_SOURCEf this counter ttWD_OTHER_GPCTR_TO measure intervals longer than the
interval timebases allow.

application = ND_SINGLE_PULSE_WIDTH_MSR

In this application, the counter is used for a single measurement of the time interval between
two transitions of the opposite polarity of the gate signal. By default, the measurement

is performed between a low-to-high and a high-to-low transition on the default I/O

connector gate pin (refer to Table 2-18). The counter uses the 20 MHz internal timebase
(ND_INTERNAL_20_MH3Z as its source, so the resolution of measurement is 50 ns. The
counter counts up starting from zero. For the E Serie( &id 44X devices with counter

width of 24 bits, you can measure a time interval between 100 ns and 0.8 s long. For the
NI-TIO based devices, the 32-bit wide counters allow you to measure a time interval between
100 ns and 214 s long using this timebase. If you wish to achieve greater resolution, you may
use max-timebas®&D_INTERNAL_MAX_TIMEBASEnNstead.

Figure shows one possible scenario of a counter us&bf@INGLE_PULSE_WIDTH_MSR
after the following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)

GPCTR_Set_Application(deviceNumber, gpctrNum,
ND_SINGLE_PULSE_WIDTH_MSR)

GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-21, the following behavior is present:
« Gate is the signal present at the counter gate input.
e Source is the signal present at the counter source input.

e Count is the value you would read from the counter if you calle@B@IR_Watch
function withentitylD = ND_COUNTThe different numbers illustrate behavior at
different times.

« Armed is the value you read from the counter if you calGihR€ TR_Watchfunction with
entitylD =ND_ARMEDThe different values illustrate behavior at different times.
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| Measured |
, Interval |
P

Gae | L[ LT L_
Source J_l_l_l_I_LLI_I_I_LLl_I_I_l_l_l_I_Ll_LI_I_I_U_I_I_L

Count 0 [ 2 12 2 2 2 2

Armed YES YES NO NO

Figure 2-21. Single Pulse Width Measurement

Use theGPCTR_Watchfunction withentitylD = ND_ARMEDo monitor the progress of the
counting process. This measurement completes whtityValue become&D_NOWhen
the counter is no longer armed, you can retrieve the counted value byesing_Watch
with entitylD = ND_COUNTas shown in the following example code:

Create u32 variable counter_armed.
Create u32 variable counter_value.
Repeat

{
GPCTR_Watch(deviceNumber, gpctrNumber, ND_ARMED, counter_armed)

}

until (counter_armed = ND_NO)
GPCTR_Watch(deviceNumber, gpctrNumber, ND_COUNT, counter_value)

To calculate the measured interval, multiply the counted value by the period corresponding to
the timebase you are using. For example, if ]WiirSOURCHES ND_INTERNAL_20_MHZthe

interval will be 1/(20 MHz) = 50 ns. If theD_COUNTs 4 (Figure 2-20), the actual interval is

4 * 50 ns = 200 ns.

When the counter reaches TC (Terminal Count), it rolls over and keeps counting. To check if
this occurred, use th@PCTR_Watchfunction withentitylD set toND_TC_REACHED

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_SINGLE_PULSE_WIDTH_MSRou can change the following:

e ND_SOURCEND_INTERNAL_100 KHZ With this timebase, you can measure the time
interval between 20 us and 160 s for E SeriesXp@hd 44X (24 bits) devices and a
time interval of 2Qus and 11.37 hours for NI-TIO based devices (32 bits). The resolution
will be lower than that you obtain using thB_INTERNAL_20 _MHzimebase. For
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NI-TIO based devices, you can use_INTERNAL_MAX_TIMEBASIor higher
resolution.

+ ND_SOURCE_POLARITtOND_HIGH_TO_LOW

« ND_GATEO any legal value listed in tt@PCTR_Change_Parameter function
description.

« ND_GATE_POLARITY0 ND_NEGATIVE The pulse width will be measured from a
high-to-low to the next low-to-high transition of the gate signal.

You can use th6PCTR_Change_Parameter function after calling
GPCTR_Set_Application  and before callinGPCTR_Control with
action = ND_PROGRANdI ND_PREPARE

To provide an external timebase, connect your timebase source to an appropriate PFI pin on
the 1/0 connector and chanly®_SOURCENAND_SOURCE_POLARIT the appropriate
values.

You can also configure the other general-purpose countebfd?ULSE_TRAIN_GNRNd set
ND_SOURCEf this counter ttéD_OTHER_GPCTR_TO measure pulse widths longer than
160 s for E Series, 6Xland 44X devices and 11.37 hours for NI-TIO devices.

Caution For DAQ-STC based devices, applicatib_SINGLE_PULSE_WIDTH
measurements function correctly only if the gate is in the inactive state when the counter
is armed byGPCTR_Control . If the gate is in the active state when the counter is armed
via GPCTR_Control , you will see aggateSignalError returned. If this happens, you

should not rely on values returned ®pCTR_Watch

application = ND_TRIG_PULSE_WIDTH_MSR

In this application, the counter is used for a single measurement of the time interval between
two transitions of the opposite polarity of the gate signal. By default, the measurement is
performed between a low-to-high and a high-to-low transition on the 1/0 connector default
gate pins (see Table 2-18 for default gate pin selection). The counter counts the 20 MHz
internal timebase\TERNAL_20_MHZ), so the resolution of measurement is 50 ns. The
counter counts up starting from zero.

Unlike ND_SINGLE_PULSE_WIDTH_MSRour gate signal can change state during counter
arming. However, you need at least two pulses. Assuming positive gate polarity, the
high-to-low transition on the first pulse acts as a trigger and allows the counter to begin the
measurement on the next low-to-high transition.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you measure
the duration of a pulse between 100 ns and 0.8 s long. For the NI-TIO based devices with
counter width 32 bits, you can measure pulse duration between 100 ns and 214 s long.
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Figure 2-22 shows one possible scenario of a counter used foRIG_PULSE_WIDTH_MSR
after the following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)

GPCTR_Set_Application(deviceNumber, gpctrNum,
ND_TRIG_PULSE_WIDTH_MSR)

GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-22, the following behavior is present:
e Gate is the signal present at the counter gate input.
» Source is the signal present at the counter source input.

* Count is the value you would read from the counter if you calleGB@IR_Watch
function withentitylD = ND_COUNTThe different numbers illustrate behavior at
different times.

« Armed is the value you read from the counter if you caliR€ TR_Watchfunction with
entitylD = ND_ARMEDThe different values illustrate behavior at different times.

. Measured .
| |
* + Interval
L '
>

e | L[ L1 L

Count 0 0 0 0 0 1 2 2

Trigger

Armed YES YES YES NO

Figure 2-22. Single Triggered Pulse Width Generation Measurement

Use theGPCTR_Watchfunction withentitylD = ND_ARMEDo monitor the progress of the
counting process. This measurement completes amtégValue becomesiD_NOAfter this
is completed, you can retrieve the counted value by @&hR@IR_Watchwith entitylD =
ND_COUNTas shown in the following example code:

Create u32 variable counter_armed.

Create u32 variable counter_value.

Repeat

{

GPCTR_Watch(deviceNumber, gpctrNumber, ND_ARMED, counter_armed)

}
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until (counter_armed = ND_NO)
GPCTR_Watch(deviceNumber, gpctrNumber, ND_COUNT, counter_value)

To calculate the measured interval, multiply the counted value by the period corresponding to
the timebase you are using. For example, if WiirSOURCHES ND_INTERNAL_20_MHZthe

interval will be 1/(20 MHz) = 50 ns. If theD_COUNTS 4 (Figure 2-20), the actual interval is

4 * 50 ns = 200 ns.

@ Note The measured interval will correspond to the most recent pulse that arrived prior to
the invoking ofGPCTR_Watch call with entitylD set toND_COUNT_AVAILABLE

A Caution There should be source transitions between gate transitions in order for this
measurement to be correct. NI-TIO based devices can get around this limitation by setting
the counter to count synchronously.

When the counter reaches terminal coudt {21 for E Series, 6K, and 44X devices, and
2321 for NI-TIO based devices), it rolls over and keeps counting. To check if this occurred,
useGPCTR_Watchfunction withentitylD set toND_TC_REACHED

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_TRIG_PULSE_WIDTH_MSR/ou can change the following:

« ND_SOURCHE ND_INTERNAL_100_KHZz With this timebase, you can measure pulse
widths between 20 us and 160 s for E SeriesXp@td 44X devices and pulse widths
between 20 ps and 11.37 hours for NI-TIO based devices. The timing resolution will be
lower than if you are using tidD_INTERNAL_20_MHzimebase. For NI-TIO based
devices, you can us¢D_INTERNAL_MAX_TIMBASHor more timing resolution.

e ND_SOURCE_POLARITt ND_HIGH_TO_LOW

« ND_GATRO any legal value listed in tt@PCTR_Change_Parameter function
description.

* ND_GATE_POLARITY0 ND_NEGATIVE The pulse width will be measured from a
high-to-low to the next low-to-high transition of the gate signal. The trigger will occur on
a low-to-high transition on the gate signal.

You can use thePCTR_Change_Parameter function after calling
GPCTR_Set_Application  and before callinGPCTR_Control with action=ND_PROGRAM
or ND_PREPARE

To provide an external timebase, connect your timebase source to an appropriate PFI pin on
the 1/0 connector and chany®_SOURCENAND_SOURCE_POLARITt the appropriate
values.
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You can also configure the other general-purpose countebfd?ULSE_TRAIN_GNRNd set
ND_SOURCEHf this counter ttéD_OTHER_GPCTR_TO generate pulses with delays and
measure interval pulse widths longer than 160 s for E Series aXdlédfes. You can
generate pulse widths longer than 11.37 hours for NI-TIO based devices by using this
application.

application = ND_TWO_SIGNAL_EDGE_SEPARATION_M@rRor NI-TIO based devices only)
In this application, the counter is used for a single measurement of the time interval between
transitions of the aux line and the gate signal. Measurement starts when the aux line signal is
asserted and stops when the gate is asserted. By default, the measurement is performed
between a low-to-high transition on the aux line signal and the next low-to-high transition on
the gate signal. The default values for aux line and gate signals for the eight counters are
shown in Tables 2-19 and 2-18 respectively. The counter uses the 20 MHz internal timebase
(ND_INTERNAL_20 MHZ as its source, so the resolution of measurement is 50 ns. The
counter counts up starting from 0.

Using the default 20 MHz timebase, combined with the counter width (32 bits), you can
measure the duration of a pulse between 100 ns and 214 s long. You can also set the source to
ND_INTERNAL_MAX_TIMEBASKor higher temperature resolution or

ND_INTERNAL_100_KHZzZfor longer measuring times.

Figure 2-23 shows one possible use of a counter for
ND_TWO_SIGNAL_EDGE_SEPARATION_MsSter the following programming sequence:

GPCTR_Control (deviceNumber, gpctrNum, ND_RESET)

GPCTR_Set_Application (deviceNumber, gpctrNum,
ND_TWO_SIGNAL_EDGE_SEPARATION_MSR)

GPCTR_Control (deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-23, the following behavior is present:

« Aux line is the signal present at the counter aux line input.
* Gate is the signal present at the counter gate input.

e Source is the signal present at the counter source input.

e Count is the value you would read from the counter if you calleGB@IR_Watch
functionentitylD =ND_COUNTThe different numbers illustrate the behavior at different
times.

» Armed is the value you would read from the counter if you calleGB®&TIR_Watch
function withentitylD = ND_ARMEDThe different values illustrate behavior at different
times.
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Figure 2-23. Two Signal Edge Separation Measurement

After the counter is armed, the first active edge on aux line begins the measurement. The
measurement ends on the first active edge on gate that occurs after this time. Additional active
edges on aux line are ignored, as indicated by Figure 2-23.

Use theGPCTR_Watch function withentitylD = ND_ARMED0 monitor the progress of the
counting process. This measurement completes eiiigValue becomesiD_NOWhen the
counter is no longer armed, you can retrieve the counted value byGRB@TR_Watchwith
entitylD = ND_COUNTas shown in the following example code:

Create U32 variable counter_armed.

Create U32 variable counter_value.

repeat

{

GPCTR_Watch (deviceNumber, gpctrNumber, ND_ARMED, counter_armed)
until (counter_armed = ND_NO)

GPCTR_Watch (deviceNumber, gpctrNumber, ND_COUNT, counted_value)

To calculate the measured interval, multiply the counted value by the period corresponding to
the timebase you are using. For example, if y}diirSOURCIS ND_INTERVAL_20_MHZthe

interval will be (1/20 MHz) = 50 ns. If theD_COUNTs 3 (Figure 2-18), the actual interval is
3*50 ns =150 ns.

When the counter reaches terminal couf {21 for NI-TIO based devices), it rolls over and
keeps counting. To check if this occurred, G TR_Watchfunction withentitylD set to
ND_TC_REACHED
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Typically, modifying the following parameters through theCTR_Change_Parameter
function is useful if the counter applicatiorNB_TWO_SIGNAL_EDGE_SEPARATION_MSR
You can change the following:

* ND_SOURCEND_INTERNAL_100_KHZ With this timebase, you can measure intervals
between 2Qus and 11.37 hours long. The resolution will be lower than that you will
obtain by using\D_INTERVAL_20_MHZFor NI-TIO based devices, you can use
ND_INTERNAL_MAX_TIMEBASEor more timing resolution.

+ ND_SOURCE_POLARITt0 ND_HIGH_TO_LOW

* ND_AUX_LINE to any legal value listed in tl@CTR_Change_Parameter function
description.

* ND_AUX_LINE_POLARITYto ND_NEGATIVE Measurement will start on a falling edge.

 ND_GATHo any legal value listed in tt@CTR_Change_Parameter function
description.

 ND_GATE_POLARITY0 ND_NEGATIVE Measurement will stop on a falling edge.

To provide an external timebase, connect your timebase source to an appropriate PFI pin on
the 1/0 connector and chany®_ SOURCENdND_SOURCE_POLARITH the appropriate
values.

You can also configure the other general-purpose countebfdPULSE_TRAIN_GNRNd set
ND_SOURCEf this counter tté\D_OTHER_GPCTR_TO generate pulses with delays and
measure interval pulse widths longer than 160 s for E Series aKdlé¥ises. You can
generate pulse widths longer than 11.37 hours for NI-TIO based devices by using this
application.

application = ND_POSITION_MSR(For NI-TIO based devices only)
In this application, the counter is used to track the position of a motion encoder. This
application works with two types of encoders: quadrature encoders (X1, X2, and X4),
and two-pulse encoders (also referred to as up/down encoders).

Encoders generally have three channels: channels A, B, and Z. Two-pulse encoders do not use
the Z channel. The A channel is hardwired to the default counter source pin. The B channel
is hardwired to the aux line pin. Finally, the Z channel is hardwired to the gate pin. The
selected source for the counter determines the timebase of the counter during the position
measurement.

The selected source of the counter is set at the maximum internal timebase for the best
resolution.

Some quadrature encoders have a third channel: channel Z. Channel Z is also referred to as
the index channel. A high level on channel Z causes the counter to be reloaded with a specified
value in the phase when A and B are low. You must ensure that channel Z is high during at
least a portion of the phase when channel A and B are low. Otherwise, the
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GPCTR_Change_Parameter with paramID =ND_Z_INDEX_ACTIVEandparamValue =
ND_YES To set the reload value c&lPCTR_Change_Parameter with paramID =
ND_Z_INDEX_VALUE andparamValue = desired reload value.

Figure 2-24 shows an example of X4 decoding. The reload of the counter occurs when all
three channels are high. Also, the actual reload occurs within one max-timebase period after
the reload phase becomes true. After the reload occurs, the counter continues to count from
the specified reload value.

CounterValue 5X_ 6 X7 "X 8 Xso0X & X 2 X 3 X 4
A

Figure 2-24. X4 Decoding Example with Z indexing

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the counter application is
ND_POSITION_MSRYou can change the following:

* ND_Z INDEX_ACTIVEtoND_YESto active the Z channel.
* ND_Z INDEX_VALUEto the desired value for Z indexing.
*« ND_INITIAL_COUNT to the desired initial value of the counter.

@ Note For 455X devices, this application cannot be used with counters 0 and 1.

application = ND_SINGLE_PULSE_GNR
In this application, the counter is used for the generation of single delayed pulse. By default,
you use the 20 MHz internal timebas#®( INTERNAL_20_MHY, so the resolution of timing
is 50 ns. The counter loati® COUNT_z&nd counts down to zero for the delay time. It then
loadsND_COUNT_and counts down to zero to generate the pulse. The default values for
ND_COUNT_RndND_COUNT_are 5 million and 10 million, respectively, which give a0.5 s
pulse after a 0.25 s delay.

Using the default 20 MHz timebase, combined with the counter width of 24 bits (E Series and
445X only), you can generate pulses with a delay and length between 100 ns and 0.8 s long.
For the NI-TIO based devices, the 32-bit wide counters allow you to measure a time interval
between 100 ns and 214 s long using this timebase. If you wish to achieve greater resolution,
you may use max-timebase{ INTERNAL_MAX_TIMEBASHnNstead.
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For example, assume that you want to generate a pulse 200 ns long after 150 ns of delay.
You need to setiD_COUNT_10 150 ns/50 ns = 3 amtb_COUNT_20 200 ns/50 ns = 4.

Figure 2-25 shows the scenario of a counter useloSINGLE_PULSE_GNRfter the
following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)
GPCTR_Set_Application(deviceNumber, gpctrNum, ND_SINGLE_PULSE_GNR)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT _1, 3)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_2, 4)
Select_Signal(deviceNumber, gpctrNumOut, gpctrNumOut,ND_LOW_TO_HIGH)
GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-25, the following behavior is present:
e Source is the signal present at the counter source input.
» Output is the signal present at the counter output.

* Armed is the value you would read from the counter if you calleGB®@TR_Watch
function withentitylD = ND_ARMEDThe different values illustrate behavior at different
times.

E% Count_1=3 —P<4—— Count 2=4 —»

source LI L L L L L L L L
Output | |7
Armed No >< Yes >< No

Figure 2-25. Single Pulse Generation

Use theGPCTR_Watchfunction withentitylD = ND_ARMEDo monitor the progress of the
pulse generation process. The generation completeseamitigyl/alue becomeND_NO

Typically, you find modifying of the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_SINGLE_PULSE_GNRYou can change the following:

« ND_COUNT_AndND_COUNT_ 20 any value between 2 anéf2 1 for E Series, 6%,
and 44X devices, and to any value betweéh-21 for NI-TIO based devices. The
defaults are given for illustrative purposes only.

* ND_SOURCHE ND_INTERNAL_100_KHZ With this timebase, you can generate pulses
with a delay and length between 20 ps and 160 s for E Serie§, &% 44X devices
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and between 20 ns and 11.37 hours for NI-TIO based devices. The resolution will be
lower than that you obtain using tR®_INTERNAL_20_MHzZimebase. For NI-TIO
based devices, you can ugg_INTERNAL_MAX_TIMEBASIKor higher resolution.

You can use th6PCTR_Change_Parameter function after calling
GPCTR_Set_Application  and before callinGPCTR_Control with
action = ND_PROGRANdI ND_PREPARE

To provide an external timebase, you can connect your timebase source to an appropriate PFI
pin on the I/O connector and change SOURCENAND_SOURCE_POLARITH0 the
appropriate values.

You also can configure the other general-purpose countebfd?PULSE_TRAIN_GNRNd set
ND_SOURCEf this counter ttN\D_OTHER_GPCTR_TO generate pulses with delays and
intervals longer than 160 s for E Series,%,7dnd 44X devices and 11.37 hours for NI-TIO
based devices.

application =ND_SINGLE_TRIG_PULSE_GNR
In this application, the counter is used for the generation of a single delayed pulse after a
transition on the gate input. By default, the delayed pulse is generated by using the 20 MHz
internal timebaseND_INTERNAL_20_MHY, so the resolution of timing is 50 ns. The counter
loadsND_COUNT_and counts down to zero for the delay time. It then [DELSCOUNT_2
and counts down to zero to generate the pulse. The default valh&s foOUNT_and
ND_COUNT_are 5 million and 10 million, respectively, which give a 0.5 s pulse aftera 0.25 s
delay. With default settings, a low-to-high transition on the gate signal triggers the pulse
generation. The default gate signal is shown in Table 2-18. Only the first transition of the gate
signal after you arm the counter triggers pulse generation; all subsequent transitions are
ignored.

Using the default 20 MHz timebase, combined with the counter width (24 bits), you can
measure a time interval between 100 ns and 0.8 s long for E Seri¥sa6d44X devices

only. For the NI-TIO based devices, the 32-bit wide counters allow you to measure a time
interval between 100 ns and 214 s long using this timebase. If you wish to achieve greater
resolution, you may use max-timebas® (INTERNAL_MAX_TIMEBASHnNstead.

For example, assume that you want to generate a pulse 200 ns long after 150 ns of delay from
the transition of the gate signal. You need ta\§2tCOUNT_10 150 ns/50 ns = 3 and
ND_COUNT_20 200 ns/50 ns = 4. Figure 2-26 shows the scenario of a counter used for
ND_SINGLE_TRIG_PULSE_GNR(fter the following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)

GPCTR_Set_Application(deviceNumber, gpctrNum,
ND_SINGLE_TRIG_PULSE_GNR)

GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_1, 3)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_2, 4)
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Select_Signal(deviceNumber, gpctrNumOut, gpctrNumOut, ND_LOW_TO_HIGH)
GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-26, the following behavior is present:

* Gate is the signal present at the counter gate input.

» Source is the signal present at the counter source input.
e Output is the signal present at the counter output.

» Armed is the value you would read from the counter if you calleGB®&IR_Watch
function withentitylD = ND_ARMEDT he different values illustrate behavior at different
times.

Gate | ]
€— Count_1=3 »t« Count_2 =4 »

source | LI LT LT LTI L L LT L
Output | [

Armed No Yes >< No

Figure 2-26. Single Triggered Pulse Generation

Use theGPCTR_Watchfunction withentitylD = ND_ARMEDo monitor the progress of the
pulse generation process. The generation completeseviigyValue becomedND_NO

Typically, you will find modification of the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_SINGLE_TRIG_PULSE_GNRYou can change the following:

» ND_COUNT_BndND_COUNT_20 any value between 2 an#*2 1 for E Series, 6%,
and 44X devices, and to any value betweéh-21 for NI-TIO based devices. The
defaults are given for illustrative purposes only.

* ND_SOURCHE ND_INTERNAL_100_KHZ With this timebase, you can generate pulses
with a delay and length between 20 ps and 160 s. The resolution will be lower than that
you obtain by usingyD_INTERVAL_20_MHZFor NI-TIO based devices, you can use
ND_INTERNAL_MAX_TIMEBASEor more timing resolution.

e ND_GATHo any legal value listed in tt@PCTR_Change_Parameter function
description.

* ND_GATE_POLARITY0 ND_NEGATIVE A high-to-low transition of the gate signal
triggers the pulse generation timing.
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You can use th6éPCTR_Change_Parameter function after calling
GPCTR_Set_Application  and before callinGPCTR_Control with
action = ND_PROGRANdI ND_PREPARE

To provide an external timebase, you can connect your timebase source to an appropriate PFI
pin on the I/O connector and change SOURCENAND_SOURCE_POLARITH the
appropriate values.

You also can configure the other general-purpose counter for
ND_SINGLE_TRIG_PULSE_GNRNd setND_SOURCE(f this counter to
ND_OTHER_GPCTR_Ti@ generate pulses with delays and intervals longer than 160 s.

application = ND_RETRIG_PULSE_GNR
In this application, the counter is used for the generation of a retriggerable delayed pulse after
each transition on the gate input. You get this by using the default 20 MHz internal timebase
(ND_INTERNAL_20_MHY, so the timing resolution is 50 ns. The counter I0$RISCOUNT _1
and counts down to zero for the delay time. It then [0EWSCOUNT_2and counts down to
zero to generate the pulse. The default valuesSBoiICOUNT_BndND_COUNT_are
5 million and 10 million, respectively, which give a 0.5 s pulse after a 0.25 s delay. With
default settings, a low-to-high transition on the gate signal triggers the pulse generation. The
default gate signal is shown in Table 2-18. Any gate transitions received during the pulse
generation are ignored.

Using the default 20 MHz timebase, combined with the counter width (24 bits), you can
measure a time interval between 100 ns and 0.8 s long. For the NI-TIO based devices, the
32-bit wide counters allow you to measure a time interval between 100 ns and 214 s long
using this timebase. If you wish to achieve greater resolution, you may use max-timebase
(ND_INTERNAL_MAX_TIMEBASHNStead.

For example, assume that you want to generate a pulse 200 ns long after 150 ns of delay from
every transition of the gate signal. You need taN&tCOUNT_10 150 ns/50 ns = 3 and
ND_COUNT_20 200 ns/50 ns = 4. Figure 2-27 shows the scenario of a counter used for
ND_RETRIG_PULSE_GNRfter the following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)
GPCTR_Set_Application(deviceNumber, gpctrNum, ND_RETRIG_PULSE_GNR)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_1, 3)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_2, 4)
Select_Signal(deviceNumber, gpctrNumOut, gpctrNumOut, ND_LOW_TO_HIGH)
GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)
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In Figure 2-27, the following behavior is present:

» Gate is the signal present at the counter gate input.

e Source is the signal present at the counter source input.
» Output is the signal present at the counter output.

Source mwmmﬂlmm
(3utI0ut4‘—l : 1

GateJ:—I E . 1 . N | — ;
! Count_1=3 |  Count2=4 | ! Count 1=3 .  Count 2=4 | ! count 1=3 |  Count_2=4
4—>:<—>' <—><—> ;4—»;4—»’

Figure 2-27. Retriggerable Pulse Generation
Use theGPCTR_Control function withaction = ND_RESET0 stop the pulse generation.

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_RETRIG_PULSE_GNRYou can change the following:

« ND_COUNT_AndND_COUNT_ 20 any value between 2 anéft2 1 for E Series, 6%,
and 44X devices, and to any value betweéa-21 for NI-TIO based devices. The
defaults are given for illustrative purposes only.

e ND_SOURCHE ND_INTERNAL_100_KHZ With this timebase, you can generate pulses
with delay and length between 20 ps and 160 s. The timing resolution will be lower than
that you obtain usinyD_INTERNAL_20_MHzimebase. For NI-TIO based devices, use
ND_INTERNAL_MAX_TIMEBASHKor higher resolution.

* ND_GATRo any legal value listed in ttf@CTR_Change_Parameter function
description.

* ND_GATE_POLARITY0 ND_NEGATIVE A high-to-low transition of the gate signal
initiates the pulse generation timing.

You can use th6PCTR_Change_Parameter function after calling
GPCTR_Set_Application  and before callingPCTR_Control with
action = ND_PROGRA®BY ND_PREPARE

To provide an external timebase, you can connect your timebase source to an appropriate
PFI pin on the I/O connector and chamge SOURCENAND_SOURCE_POLARITt0 the
appropriate values.

You also can configure the other general-purpose count®IDFdRETRIG_PULSE_GNRand
setND_SOURCEf this counter ttéD_OTHER_GPCTR_TO generate pulses with delays and
intervals longer than 160 s.

© National Instruments Corporation 2-249 NI-DAQ FRM for PC Compatibles



Chapter 2

Function Reference — GPCTR_Set_Application

application = ND_PULSE_TRAIN_GNR

In this application, the counter is used for generation of a pulse train. By default, you get this
by using the 20 MHz internal timebasdD( INTERNAL_20_MHY, so the resolution of timing

is 50 ns. The counter loati® COUNT_and counts down to zero for the delay time. It then
loadsND_COUNT_and counts down to zero to generate the pulse. The default values for
ND_COUNT_&ndND_COUNT_are 5 million and 10 million, respectively, which give a 0.5 s
pulse after a 0.25 s delay. The frequency of your pulse train is: frequency = 1/timebase
period*(ND_COUNT_# ND_COUNT_R The duty cycle of your pulse train is: duty cycle =
ND_COUNT_ZND_COUNT_% ND_COUNT_} Pulse train generation starts as soon as you

arm the counter. You must reset the counter to stop the pulse train.

Using the default 20 MHz timebase, combined with the counter width (24 bits), you can
generate trains consisting of pulses with delay and length between 100 ns and 0.8 s. For
NI-TIO based devices, you can generate pulses with a delay and length between 100 ns and
214 s long.

Assume that you want to generate a pulse train with the low period 150 ns long and the high
period 200 ns long. You need to 8i&t_COUNT_1to 150 ns/50 ns = 3, ambD_COUNT_2to
200 ns/50 ns = 4.

Figure 2-28 shows the scenario of a counter useddoPULSE_TRAIN_GNRifter the
following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)
GPCTR_Set_Application(deviceNumber, gpctrNum, ND_PULSE_TRAIN_GNR)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_1, 3)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_2, 4)
Select_Signal(deviceNumber, gpctrNumOut, gpctrNumOut, ND_LOW_TO_HIGH)
GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-28, the following behavior is present:
e Source is the signal present at the counter source input.
e Output is the signal present at the counter output.

Source

Output

€— Count_1 = 3 —p<¢—— Count_2 =4 ——p'¢—Count_1 = 3 —p<€¢—— Count_2 =4 —
h

Figure 2-28. Pulse Train Generation
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Use theGPCTR_Control function withaction = ND_RESETto stop the pulse generation.

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_PULSE_TRAIN_GNRYou can change the following:

« ND_COUNT_AndND_COUNT_ 20 any value between 2 anéf2 1 for E Series, 6%,
and 44X devices, and to any value between 2 a&fie-2 for NI-TIO based devices. The
defaults are given for illustrative purposes only.

* ND_SOURCHE ND_INTERNAL_100_KHZ With this timebase, you can generate pulses
with delay and length between 20 ps and 160 s. The timing resolution will be lower than
that you obtain using theD_INTERNAL_20_MHzZimebase. For NI-TIO based devices,
useND_INTERNAL_MAX_TIMEBASIKor higher resolution.

» ND_INITIAL_COUNT to any value between 2 an#21 to specify an initial delay after
arming the counter but before the pulse train generation actually starts. This is only
applicable for NI-TIO based devices.

You can use th6PCTR_Change_Parameter function after calling
GPCTR_Set_Application  and before callingPCTR_Control with
action = ND_PROGRA®BY ND_PREPARE

To provide an external timebase, you can connect your timebase source to an appropriate PFI
pin on the I/O connector and chang® SOURCENAND_SOURCE_POLARIT the
appropriate values.

You also can configure the other general-purpose countebfd?ULSE_TRAIN_GNRand set
ND_SOURCEH( this counter ttéD_OTHER_GPCTR_TO generate pulses with delays and
intervals longer than 160 s.

application = ND_FSK
In this application, the counter is used for generation of frequency shift keyed signals. The
counter generates a pulse train of one frequency and duty cycle when the gate is low, and a
pulse train with a second set of parameters when the gate is high. By default, you get this by
using the 20 MHz internal timebagel_INTERNAL_20_MHZ so the timing resolution is
50 ns. While the gate is low, the counter losids COUNT_land count down to zero for the
inactive pulse train. It then load® _COUNT_and counts down for the active phase of the
pulse train. The counter repeats in this manner. The FSK pulse generation starts as soon as
you arm the counter. You must reset the counter to stop the pulse generation.

While the gate is high, he counter loads COUNT_&nd count down to zero for the inactive

pulse train. It then loadéD_COUNT_4nd counts down for the active phase of the pulse train.
When the gate changes state, the cycle in progress finishes before the second set of parameters
are used.

© National Instruments Corporation 2-251 NI-DAQ FRM for PC Compatibles



Chapter 2

Function Reference — GPCTR_Set_Application

Using the default 20 MHz timebase, combined with the counter width (24 bits), you can
generate trains consisting of pulses with delay and length between 100 ns and 0.8 s. For
NI-TIO based devices, you can generate pulses with a delay and length between 100 ns and
214 s long.

Assume that you want to generate a pulse train with 100 ns low time and 150 ns high time
when the gate is low and with 300 ns low time and 200 ns high time when the gate is high.
You need to seXiD_COUNT_10 100 ns/50 ns = 2\D_COUNT_20 150 ns/50 ns = 3,
ND_COUNT_20 300 ns/50 ns = 6, atNnD_COUNT_40 200 ns/50 ns = 4. Figure 2-29 shows

a counter used fouD_FSKafter the following programming sequence:

GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)
GPCTR_Set_Application(deviceNumber, gpctrNum, ND_FSK)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_1, 2)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_2, 3)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_3, 6)
GPCTR_Change_Parameter(deviceNumber, gpctrNum, ND_COUNT_4, 4)
Select_Signal(deviceNumber, gpctrNumOut, gpctrNumOut, ND_LOW_TO_HIGH)
GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-29, the following behavior is present:

e Gate is the signal present at the counter gate input.

e Source is the signal present at the counter source input.
« Output is the signal present at the counter output.

Gate 5 - 5 ! E E

souce [ LTI LTy Uy yue

Output 4| l—l ! | |

Figure 2-29. Frequency Shift Keying
Use theGPCTR_Control function withaction = ND_RESETt0 stop the pulse generation.

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the count@pplication is ND_FSK
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You can change the following:

» ND_COUNT_toND_COUNT_4o any value between 2 an#f2 1 for E Series, 6%, and
445X devices, and to any value betweéfa-21 for NI-TIO based devices. The defaults
are given for illustrative purposes only.

e ND_SOURCHE ND_INTERNAL_100_KHZ With this timebase, you can generate pulses
with delay and length between 20 ps and 160 s. The timing resolution will be lower than
that you obtain usinyD_INTERNAL_20_MHzimebase. For NI-TIO based devices, use
ND_INTERNAL_MAX_TIMEBASHKor higher resolution.

* ND_GATRo any legal value listed in ttf@CTR_Change_Parameter function
description.

» ND_INITIAL_COUNT to any value between 2 an#21 to specify an initial delay after
arming the counter but before the pulse train generation actually starts. This is only
applicable for NI-TIO based devices.

You can use th6PCTR_Change_Parameter function after calling
GPCTR_Set_Application  and before callinGPCTR_Control with action=ND_PROGRAM
or ND_PREPARE

To provide an external timebase, connect your timebase source to an appropriate PFI pin on
the 1/0 connector and chanly®_SOURCENAND_SOURCE_POLARITt the appropriate
values.

You also can configure the other general-purpose countebfd?ULSE_TRAIN_GNRand set
ND_SOURCEH( this counter ttéD_OTHER_GPCTR_TO generate pulses with delays and
intervals longer than 160 s.

application = ND_BUFFERED_EVENT_CNT
In this application, the counter is used for repeated counting of events. By default, the counted
events are low-to-high transitions on the line given in Table 2-14. Counts present at specified
events of the signal present at the gate are saved in a buffer. Under default settings,
low-to-high transitions on the line identified as the default gate for the counter (see
Table 2-25) cause the counter value to be saved. The counter counts up starting from zero; its
contents are placed in the buffer after an edge of appropriate polarity is detected on the gate;
the counter keeps counting without interruption. For single buffered acquisitions, NI-DAQ
transfers data from the counter into the buffer until the buffer is filled; the counter is disarmed
at that time.

The counter width (24 bits) lets you count up 4621 events for E Series, 67And 44X
devices, or up to3-1 for the NI-TIO based devices. Figure 2-30 shows one possible
scenario of a counter used ftib_ BUFFERED_EVENT_CNafter the following programming
sequence:

Let buffer be a 100-element array of u32.
GPCTR_Control(deviceNumber, gpctrNum, ND_RESET)
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GPCTR_Set_Application(deviceNumber, gpctrNum, ND_BUFFERED_EVENT_CNT)
GPCTR_Config_Buffer(deviceNumber, gpctrNum, 0, 100, buffer)
GPCTR_Control(deviceNumber, gpctrNum, ND_PROGRAM)

In Figure 2-30, the following behavior is present:
« Gate is the signal present at the counter gate input.
e Source is the signal present at the counter source input.

< Buffer is the contents of the buffer; you can retrieve data from the buffer when the counter
becomes disarmed.

\ \
. Counted : Counted Counted
'« — -« — -« —_—
! Events ' Events | Events |
Gate
h
h
,
h
Source [ 1 I I SN I B
1 2 3 4 5 6 8 9 10 11
4
Buffer T

N
LLTTT [ef]

-
LLT T [e[e]+]

Figure 2-30. Buffered Event Counting

In case of a single-buffered measurement, usSH&IR_Watchfunction withentitylD =
ND_ARMEDo monitor the progress of the counting process. This measurement completes
whenentityValue become&ND_NO You can do this as follows:

Create u32 variable counter_armed.

repeat

{
GPCTR_Watch(deviceNumber, gpctrNumber, ND_ARMED, counter_armed)

}

until (counter_armed = ND_NO)

When the counter is disarmed, you can safely access data in the buffer.
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Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_BUFFERED_EVENT_CNYou can change the following:

* ND_SOURCHI any legal value listed in ti&PCTR_Change_Parameter function
description.

+ ND_SOURCE_POLARITt0 ND_HIGH_TO_LOW

* ND_GATRo any legal value listed in ttf@CTR_Change_Parameter function
description.

* ND_GATE_POLARITY0 ND_NEGATIVE Counts will be captured on every high-to-low
transition of the signal present at the gate.

« ND_BUFFER_MOD® ND_CONTINUOUSData is transferred to the buffer in a circular
manner until the counter is reset.

@ Note The counter will start counting as soon as you arm it. However, it will not count if the
gate signal stays in low state wheh_ GATE_POLARITYs ND_POSITIVE or if it stays in
high state wheND_GATE_POLARITYs ND_NEGATIVEwWhile GPCTR_Control is
executed with action ND_ARMor action= ND_PROGRANBe aware of this when you
interpret the first count in your buffer.

application = ND_BUFFERED_PERIOD_MSR
In this application, the counter is used for repeated measurement of the time interval between
successive transitions of the same polarity of the gate signal. By default, those are the
low-to-high transitions of the signal listed in Table 2-18. The counter uses the 20 MHz
internal timebaseND_INTERNAL_20_MHZas its source, so the resolution of measurement is
50 ns. The counter counts up starting from zero upon receiving an active edge on its gate; its
contents are placed in the buffer after another active edge is detected on the gate; the counter
then starts counting up from zero again. For single-buffered acquisitions, NI-DAQ transfers
data from the counter into the buffer until the buffer is filled; the counter is disarmed at that
time.

The default 20 MHz timebase, combined with the counter width for E Series agif144X

devices (24 bits), lets you measure the width of a pulse between 100 ns and 0.8 s long. The
32-bit counters on NI-TIO based devices allow you to measure periods from 100 ns to 800 ms
using the 20 MHz timebase.
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Figure 2-31. Buffered Period Measurement

Typically, you will find modifying the following parameters through the
GPCTR_Change_Parameter function useful when the countapplication is
ND_BUFFERED_PERIOD_MSKou can change the following:

¢ ND_SOURCHE ND_INTERNAL_100_KHZ—With this timebase, you can generate pulses
with delay and length between 20 ps and 160 s. The timing resolution will be lower than
that you obtain usinyD_INTERNAL_20_MHzZimebase. For NI-TIO based devices, use
ND_INTERNAL_MAX_TIMEBASIKor higher resolution.

e ND_SOURCE_POLARITtO ND_HIGH_TO_LOW

« ND_GATEO any legal value listed in tt@PCTR_Change_Parameter function
description.

e ND_GATE_POLARITY0 ND_NEGATIVE—Measurements will be performed between
successive high-to-low transitions of the signal present at the gate.

¢ ND_BUFFER_MOD® ND_CONTINUOU®ata is transferred to the buffer in a circular
manner until the counter is reset.

To provide an external timebase, you can connect your timebase source to an appropriate
PFI pin on the I/O connector and chamge SOURCENAND_SOURCE_POLARIT0 the
appropriate values.

You also can configure the other general-purpose countebfd?ULSE_TRAIN_GNRand set
ND_SOURCEf this counter ttiD_OTHER_GPCTR_TG measure intervals longer than 160 s.

Note The counter will start counting as soon as you arm it. Be aware of this when you
interpret the first count in your buffer.
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A Caution If gate edges arrive and no source edges are present between those gate edges,
then the previously saved value is saved again as shown in Figure 2-32. Please make sure
that this condition does not occur during your measurement. For NI-TIO based devices,
you can set the counter to count in a synchronous mode. You can do this by calling
GPCTR_Change_Parameter with paramID =ND_COUNTING_SYNCHRONO#&ISd
paramValue -ND_YES. Synchronous mode makes sure the counter latches the correct
value even when no source edges are present.

Measured

Measured : Measured | Period 1 Measured ]
Period H Period Period '

Gate

Sowee UMMM LML LILILILLL

Buffer

The instant
you arm
the counter

Warning

Figure 2-32. Buffered Period Measurement when No Source Edges Are Present between Gate Edges

application = ND_BUFFERED_SEMI_PERIOD_MSR
In this application, the counter is used for the continuous measurement of the time interval
between successive transitions of the gate signal. By default, those are all transitions of the
signal on the line given in Table 2-18. The counter uses the 20 MHz internal timebase
(ND_INTERNAL_20_MHZY as its source, so the resolution of measurement is 50 ns. The
counter counts up starting from zero; its contents are placed in the buffer after an edge is
detected on the gate; the counter then starts counting up from zero again. For single-buffered
measurements, NI-DAQ transfers data from the counter into the buffer until the buffer is
filled; the counter is disarmed at that time.

@ Note For STC based devices, the counter starts counting as soon as you arm it. Be aware
of this when you interpret the first count in your buffer. For NI-TIO based devices, the
counter begins to count upon receiving the first active edge after the counter is armed by a
GPCTR_CONTRAGtall.
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Figure 2-33. Buffered Semi-Period Measurement

Caution If gate edges arrive and no source edges are present between those gate edges,
then the previously saved value is saved again, as shown by Figure 2-34. Please make sure
that this condition does not occur during your measurement. For NI-TIO based devices,
you can set the counter to count in a synchronous mode. You can do this by calling
GPCTR_Change_Parameter with paramID =ND_COUNTING_SYNCHRONO#&Id

paramValue ND_YES Synchronous mode makes sure the counter latches the correct
value even when no source edges are present.
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Figure 2-34. Buffered Semi-Period Measurement when No Source Edges Are Present between Gate Edges

NI-DAQ FRM for PC Compatibles 2-258 www.natinst.com



Chapter 2 Function Reference — GPCTR_Set_Application

application = ND_BUFFERED_PULSE_WIDTH_MSR

In this application, the counter is used for continuous measurement of pulse widths of selected
polarity present at the counter gate. By default, those pulses are active high pulses present on
the signal shown in Table 2-18. The counter counts up starting from zero; its contents are
placed in the buffer after a pulse completes; the counter then starts counting up from zero
again when the next pulse appears. For single-buffered measurements, NI-DAQ transfers data
from the counter into the buffer until the buffer is filled; the counter is disarmed at that time.

Using the default 20 MHz timebase, combined with the counter width (24 bits), you can
generate trains consisting of pulses with delay and length between 100 ns and 0.8 s. For
NI-TIO based devices, you can measure pulses with a delay and length between 100 ns and
214 s long.

! Measured Measured i | Measured
< puise width ’ '*Pu|se Width > < Pulse Width ’

Figure 2-35. Buffered Pulse Width Measurement

Note You must make sure that there is at least one source transition during the measured
pulse and between consecutive measured pulses in order for this application to work
properly. For NI-TIO based devices, you can set the counter to count in a synchronous
mode. Synchronous mode makes sure the counter latches the correct value.

Caution For STC based devices, if the gate signal is high (WIBIGATE_POLARITYS
ND_POSITIVE) while arming the counter, counting starts immediately, and the first count
is saved on the first high-to-low transition. The same applies to low gate signal during
arming of the counter wheMiD_GATE_POLARITYs set taND_POSITIVE; in this case,

the first count gets saved on the first low-to-high transition.
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Figure 2-36. Buffered Pulse Width when Gate Is High during Arming

application = ND_BUFFERED_TWO_SIGNAL_EDGE_SEPARATION_MSR

5

Note This application is supported by NI-TIO based devices only.

In this application, the counter is used for continuous measurement of the time interval
between transitions of the aux line and the gate signal. Measurement starts when the
aux line signal is asserted and stops when the gate signal is asserted. By default, the
measurement is performed between low-to-high transitions of the aux line and the

gate signals. The default values for aux line and gate signals for the eight counters

are shown in Tables 2-19 and 2-18. The counter counts the 20 MHz internal timebase
(ND_INTERNAL_20_MH3Z, so the resolution of measurement is 50 ns. The counter counts
up starting from zero when it detects an edge on the gate; its contents are placed in the
buffer after it encounters an edge on the aux line; the counter then starts counting

up from zero again when another edge occurs on the gate. For single buffer mode set using
GPCTR_Change_Parameter usingparamID =ND_BUFFER_MODa&nd

paramValue = ND_SINGLE NI-DAQ transfers data from the counter into the buffer until the
buffer is filled; the counter is then disarmed. Data is continuously placed in the buffer in
continuous buffer mode (set usiGfCTR_Change_Parameter usingparamiD =
ND_BUFFER_MOD&nhdparamValue = ND_CONTINUOUS

The default 20 MHz timebases, combined with the counter width (32 bits), lets you measure
a separation between 100 ns and 214 s long.

Figure 2-37 shows one possible use of a counter for
ND_BUFFERED_TWO_SIGNAL_EDGE_SEPARATION_N&Rr the following programming
sequence:

GPCTR_Control (deviceNumber, gpctrNum, ND_RESET)
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GPCTR_Set_Application (deviceNumber, gpctrNum,
ND_BUFFERED_TWO_SIGNAL_EDGE_SEPARATION_MSR)

GPCTR_Config_Bu