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About
This
Manual

The NI-DAQ Function Reference Manual for PC Compatiblesis for
users of the NI-DAQ software for PC compatiblesversion 5.0. NI-DAQ
software is a powerful application programming interface (API)
between your data acquisition (DAQ) application and the National
Instruments DAQ boards for ISA, PCI, XT, PC Card (PCMCIA),

V Xlbus, and EISA bus computers.

How to Use the NI-DAQ Manual Set

Y ou should begin by reading the NI-DAQ User Manual for PC
Compatibles. Chapter 1, Introduction 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 the NI-DAQ User Manual
for PC Compatibles, you can begin to use the NI-DAQ Function
Reference Manual for PC Compatibles. The NI-DAQ Function
Reference Manual for PC Compatiblesis a reference manual that
contains detailed descriptions of the NI-DAQ functions. You also can
use the Windows help file NI DAQPC. HLP, which contains all of the
function reference material.

Organization of This Manual

The NI-DAQ Function Reference Manual for PC Compatiblesis
organized as follows:

»  Chapter 1, Using the NI-DAQ Functions, contains important
information about how to apply the function descriptions in this
manual to your programming language and environment.

e Chapter 2, Function Reference, contains a detailed explanation of
each NI-DAQ function. The functions are arranged alphabetically.

* Appendix A, Status Codes, lists the status codes returned by
NI-DAQ, including the name and description.
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About This Manual

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

e Appendix C, NI-DAQ Function Support, contains tables that show
which DAQ hardware each NI-DAQ function call supports.

e Appendix D, Customer Communication, contains forms you can
useto request help from National Instruments or to comment on our
products and manuals.

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

Conventions Used in This Manual

12-bit device

16-bit device

516 device
54XX Series device

Al device

Am9513-based MI1O

device

bold

bold italic
DAQCard-500/700

NI-DAQ FRM for PC Compatibles

The following conventions are used in this manual.

These M10O and Al devices do not have an X in their name, such as the
AT-MIO-16 and AT-MI10-64E-3.

These MIO and Al devices have an X in their name, such as the
AT-MIO-16X and AT-MIO-16X E-50.

Refers to the DAQCard-516 and PC-516.

Refers to arbitrary waveform generator devices such asthe AT-5411
and PCI-5411.

Refers to analog input devices that have Al in their names, such as the
NEC-AI-16E-4 (see the following MIO and Al Device Terminology
section).

These M1O devices do not have an E- in their names. These devices are
the AT-MI0O-16, AT-MIO-16F-5, AT-MIO-16X, AT-MI0-16D, and
AT-MIO-64F-5.

Bold text denotes the names of menus, menu items, parameters, dialog
boxes, dialog box buttons or options, icons, windows, Windows 95 tabs
or pages, or LEDs.

Bold italic text denotes a note, caution, or warning.
Refers to the DAQCard-500 and DAQCard-700.

Xiv © National Instruments Corporation



DIO-24
DIO-32
DIO-32F
DIO-32HS
DIO-96
DIO board
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About This Manual

Refers to the PC-DI10O-24/PnP and DAQCard-DI10-24.
Refers to DIO-32F and DIO-32HS devices.

Refersto the AT-DIO-32F.

Refers to the AT-DIO-32HS and PCI-DI0O-32HS.
Refers to the PC-DI0O-96/PnP and PCI-DI10O-96.

Refersto any DIO-24, DIO-32F, DIO-32HS, DI0O-96, or VXI-DIO-128
board.

These devices have an E- toward the ends of their names, such as the
AT-MI0O-16DE-10 and DAQPad-MI0-16X E-50.

Italic text denotes emphasis, a cross reference, or an introduction to a
key concept. This font also denotes text for which you supply the
appropriate word or value, such as in Windows 3.x.

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

Refersto the DAQCard-1200, DAQPad-1200, L ab-PC+, Lab-PC-1200,
Lab-PC-1200Al, PCI-1200, and SCX1-1200.

Refersto the DAQCard-1200, DAQPad-1200, L ab-PC+, Lab-PC-1200,
PCI-1200, and SCX1-1200.

Refers to the PC-LPM-16 and PC-LPM-16/PnP.

Refers to the multifunction I/O devices that have MIO in their names,
such as the AT-MI10-16 and NEC-M10-16E-4 (see the following MIO
and Al Device Terminology section).

Refersto the AT-M10-16F-5, AT-MI10-16X, and the AT-M10-64F-5.
Refersto the AT-MI0O-16 and AT-MI10O-16D.

Refers to the AT-MI0O-16X E-50, DAQPad-M|0O-16X E-50, and
NEC-MI0-16XE-50, PCI-M|0-16X E-50.

Refersto the AT-M10-64F-5, AT-M10-64E-4, VXI-MI0-64E1, and
VXI1-MIO-64XE-10.

Text in thisfont denotestext or charactersthat you should literally enter
from the keyboard, sections of code, programming examples, and
syntax examples. Thisfont also is used for the proper names of disk
drives, paths, directories, programs, subprograms, subroutines, device
names, functions, operations, variables, filenames, and extensions, and
for statements and comments taken from program code.
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NI-DAQ

Remote SCXI

SCXI analog input

SCXI analog output
module

SCXI chassis

SCXI| communication
module

SCXI digital module

SCX| DAQ module
VXI-MIO devices

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

Refersto an SCXI configuration where either an SCXI-2000 chassis or
an SCX1-2400 remote communications module is connected to the
serial port of the PC.

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

Refers to the SCX1-1124.

Refers to the SCX1-1000, SCX1-1000D, SCX1-1001, SCXI-2000, and
V X1-SC-1000.

Refers to the SCX1-2400.

Refers to the SCX1-1160, SCX1-1161, SCXI-1162, SCX1-1162HV,
SCXI1-1163, and SCX1-1163R.

Refers to the SCX1-1200.
Refers to the VXI-M10-64E-1 and the VXI-MI10-64XE-10.

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

MIO and Al Device Terminology

Thismanual uses generic termsto describe groups of devices whenever
possible. The generic termsfor the MIO and Al devicesare based on the
number of bits, the platform, the functionality, and the series name of
the devices. For example, 16-bit, MIO E Series devices refersto the
AT-MIO-16XE-10, AT-MI0-16XE-50, DAQPad-MI0O-16X E-50,
NEC-MI0-16XE-50, AT-MI0-16XE-50, and PCI-MI0-16XE-10, and
PCI-MI10-16XE-50. Likewise, NEC E Series devices refers to the
NEC-AI-16E-4, NEC-Al-16XE-50, NEC-MI0-16E-4, and
NEC-MI0-16XE-50. Thefollowing tablelists each MO and Al device
and the possible classifications for each:

Device Bit Type Functionality Series
AT-Al-16XE-10 16-bit AT Al E Series
AT-MIO-16 12-bit AT MIO Am9513-based

NI-DAQ FRM for PC Compatibles
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Device Bit Type Functionality Series
AT-MIO-16D 12-hit AT MIO Am9513-based
AT-MIO-16DE-10 12-hit AT MIO E Series
AT-MIO-16E-1 12-bit AT MIO E Series
AT-MIO-16E-2 12-hit AT MIO E Series
AT-MIO-16E-10 12-hit AT MIO E Series
AT-MIO-16F-5 12-bit AT MIO Am9513-based
AT-MIO-16X 16-bit AT MIO Am9513-based
AT-MIO-16XE-10 16-hit AT MIO E Series
AT-MIO-16XE-50 16-bit AT MIO E Series
AT-MIO-64E-3 12-bit AT MIO E Series
AT-MIO-64F-5 12-hit AT MIO Am9513-based
DAQCard-Al-16E-4 12-bit PCMCIA Al E Series
DAQCard-Al-16XE-50 16-bit PCMCIA Al E Series
DAQPad-MI0-16XE-50 16-hit Parallel Port MIO E Series
NEC-AI-16E-4 12-bit NEC Al E Series
NEC-AI-16XE-50 16-bit NEC Al E Series
NEC-MI0O-16E-4 12-hit NEC MIO E Series
NEC-MIO-16XE-50 16-bit NEC MIO E Series
PCI-M10-16E-1 12-bit PCI MIO E Series
PCI-M10-16E-4 12-hit PCI MIO E Series
PCI-MI10O-16XE-10 16-bit PCI MIO E Series
PCI-M10-16XE-50 16-bit PCI MIO E Series
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Device Bit Type Functionality Series
VXI-MIO-64E-1 12-bit VXI MIO E Series
VXI-MI0O-64XE-10 16-bit VXI MIO E Series

About the National Instruments Documentation Set

NI-DAQ FRM for PC Compatibles

The NI-DAQ Function Reference Manual for PC Compatiblesis one
piece of the documentation set for your DAQ system. Y ou might have
any of several types of manuals, depending on the hardware and
software in your system. Use these manuals as follows:

Your SCXI| hardware user manuals—If you are using SCXI, read
these manuals next for detailed information about signal
connections and modul e configuration. They also explainin greater
detail how the module works and contain application hints.

Y our DAQ hardware user manuals—These manuals have detailed
information about the DAQ hardware that plugsinto 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®/CV!1, 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 alarge and complicated system, it is
worthwhile to look through the software manuals before you
configure your hardware.

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

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

XViii © National Instruments Corporation



About This Manual

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. The following manuals are available from National
Instruments:

e Microsoft Visual C++ User Guide to Programming
»  Omega Temperature Handbook
* NBS Monograph 125, Thermocouple Reference Tables

Customer Communication

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

Using the NI-DAQ Functions

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

Before using this manual, you should read the NI-DAQ release notes
and the NI-DAQ User Manual for PC Compatibles. The NI-DAQ

rel ease notes contain instructions on how to install your NI-DAQ
software and how to use the online documentation set. Chapter 1,
Introduction to NI-DAQ, in the NI-DAQ User Manual for PC
Compatibles contains information on how to configure your National
Instruments hardware and software. There is also a flowchart that
illustrates the sequence of steps you should take to learn about and get
started with NI-DAQ.

When you are familiar with the material in the NI-DAQ User Manual
for PC Compatibles, you can 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=Funct i on_Nane (parameter 1, parameter 2, ...
parameter n)

where n = 0. Each function returns a value in the status variable that
indicates the success or failure of the function, as shown in Table 1-1.
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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 applications, statusis always a 2-byte integer. Appendix A, Status

Codes, contains a list of status codes.

In the parameter tables that follow status codes, the first parameter to
almost every NI-DAQ function isthe device number of the DAQ device
you want NI-DAQ to use for the given operation. After you have
followed the installation and configuration instructionsin the NI-DAQ
release notes and Chapter 1, Introduction to NI-DAQ, of the NI-DAQ
User Manual for PC Compatibles, the NI-DAQ Configuration Utility
displays the device number for each device you have installed in the
system. Y ou can use the configuration utility to verify your device
numbers. Y ou can use multiple DAQ devices in one application; to do
so, simply 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 chassisin the configuration utility to the SCXI functions
that you use. For many of the SCXI functions, you must also pass the
modul e slot number of the module you want to use. The slotsin the
SCXI chassisare numbered from left to right, beginningwith slot 1. The
controller on the left side of the chassisisreferred to as Slot 0. Y ou can
use the configuration utility to verify your chassis |Ds and your module
slot numbers.

Variable Data Types

NI-DAQ FRM for PC Compatibles

The NI-DAQ Application Programming Interface (API) is now
identical in Windows 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.
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Table 1-2 shows the primary type names and their ranges.

Table 1-2. Primary Type Names

Type Description Range Type
Name
C BASIC Pascal
u8 8-bit ASCII 0to 255 char Not supported by Char
character BASIC. Forfunctions
that require character
arrays, use string
typesinstead. Seethe
STR description.
116 16-hit signed -32,768 to 32,767 short Integer (for example: | | nt eger
integer devi ceNun®)
ulé 16-hit unsigned 010 65,535 unsi gned Not supported by Wor d
integer int for BASIC. For functions
16-bit that require unsigned
conpi l ers; integers, use the
unsi gned signed integer type
short for instead. Seetheil6
32-bit description.
conpilers
i32 32-hit signed -2,147,483,648 to | ong Long integer (for Longi nt
integer 2,147,483,647 example: count &)
u32 32-bit unsigned 010 4,294,967,295 unsi gned Not supported by Not supported by
integer | ong BASIC. Forfunctions| Pascal. For
that require unsigned | functions that
long integers, usethe | require unsigned
signed long integer long integers, use
typeinstead. Seethe | thesigned long
132 description. integer type
instead. See the
132 description.
f32 | 32-hit -3.402823 x 1038 to f1 oat Single-precision Single
single-precision 3.402823 x 1038 floating point (for
floating point example: nun )

© National Instruments Corporation
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Table 1-2. Primary Type Names (Continued)

Type Description Range Type
Name
C BASIC Pascal
f64 64-bit -1.797683134862315 | doubl e Double-precision Doubl e
double-precision | X 103%8 to floating point (for
floating point 1.797683134862315 example:
x 10308 vol t age#)
STR | BASIC or Pasca Use character Character string (for String
character string array terminated | example:
by the null fil enane$)
character \ 0
Arrays

Multiple Types

When a primary type is inside square brackets (for example, [116]) an
array of the type named is required for that parameter.

Some parameters can be in multipletypes. Combinations of the primary
types separated by commas denote parameterswith thisability, asinthe
following example;

[i16], [f32]

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

Programming Language Considerations

NI-DAQ FRM for PC Compatibles

Note:

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

Be sureto include the NI-DAQ function prototype files by including the

appropriate NI-DAQ header filein your source code.
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Borland Turbo Pascal

Whenyou passarraysto NI-DAQ functions using Borland Turbo Pascal
in Windows, you need to pass a pointer to the array. Y ou can either
declare an array and pass the array addressto the NI-DAQ function, or
you can declare apointer, 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;
buf Ptr : ~lnteger;

status : = DAQ Start (device, chan, gain, @uffer, count,
ti mebase, sanplnterval);

or
(* allocate nmenory for bufPtr first *)

status := DAQ Start (device, chan, gain, bufPtr, count,
ti mebase, sanplnterval);

Visual Basic for Windows

status%= DAQ Start
sampl nt erval %9

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 the DAQ_St ar t function using the
following syntax:

(device% chan% gain% buffer%0), count&, tinmebase%

NI-DAQ Constants Include File

The file NI DAQCNS. | NC contains definitions for constants required
for some of the NI-DAQ functions. Y ou should use the constants
symbolsin your programs; do not use the numerical values.

InVisual Basic for Windows, you can load the entire NI DAQCNS. | NC
file into the global module. Y ou will then be able to use any of the
constants defined in this file in any module in your program.

To do so, go to the Proj ect window and choose the Global module, then
choose L oad Text from the Code menu. Select NI DAQCNS. | NC,
whichisinthe\ Exanmpl es\ VBasi c directory. Choose Replace or
Mer ge, depending on how you want to incorporate this file into your
global module.
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This procedure is identical to the procedure you would follow when
loading the Visual Basic 3.0 file CONSTANT. TXT. Search on the word
CONSTANT for more information from the Visual Basic on-line help.
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 word Global from the CONSTANTS definition.

For example,
CLOBAL CONST ND_DATA XFER MODE_Al &= 14000

would become:
CONST ND_DATA XFER_MODE_Al & 14000

NI-DAQ for LabWindows/CVI

Inside the LabWindows/CV1 environment, the NI-DAQ functions
appear in the Data Acquisition function panels under the Libraries
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 Reference.

Table 1-3 shows how the LabWindows/CV1 function panel treeis
organized, and the NI-DAQ function name that corresponds to each
function panel.

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

LabWindows/CVI Function Panel NI-DAQ Function
Data Acquisition
Initialization/Utilities
Initialize Board Init DA Brds
Configure Timeout Ti meout _Config
Get Device Information Get _DAQ Device_Info
Set Device Information Set _DAQ Device _Info
Align DMA Buffer Ali gn_DMA Buffer
Get DAQ Library Version Get _NI _DAQ Versi on
Select E-Series Signals Sel ect _Si gnal
Config Analog Trigger Confi gure_HW Anal og_Tri gger
NI-DAQ FRM for PC Compatibles 1-6 © National Instruments Corporation
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

Board Config & Calibrate
Configure M1O Boards
Configure AMUX Boards
Configure SC-2040
Calibrate M10O Boards
Calibrate E-Series
Cdlibrate LPM-16
Calibrate Analog Output
Calibrate 1200 Devices

Analog I nput

Single Point
Measure Voltage
Clear Analog Input
Read Analog Binary
Scale Binary to Voltage
Setup Analog Input
Check Analog Input
Configure Anaog Input
Multiple Point
Acquire Single Channel
Scan Multiple Channels
Scan Lab Channels
Single Scan Binary
Single Scan Voltage
Single Channel to Disk
Multiple Chan to Disk
Scan Lab Chan to Disk
Low-Level Functions

M O _Config

Al _Mux_Confi g

SC 2040 _Confi g

M QO Calibrate
Calibrate_E Series
LPML6_Cal i brate
AO Calibrate
Calibrate_1200

Al _VRead

Al _d ear

Al _Read

Al _VScal e

Al _Setup

Al _Check

Al _Configure

DAQ Op

SCAN_Op

Lab_I SCAN_Op

Al _Read_Scan

Al _VRead_Scan
DAQ to_Di sk
SCAN _t o_Di sk

Lab_| SCAN_t o_Di sk

Convert DAQ Rate DAQ Rate
Start DAQ DAQ Start
© National Instruments Corporation 1-7 NI-DAQ FRM for PC Compatibles
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

Setup Scan
Setup Sequence of Scans
Retrieve Scan Sequence
Start Scan
Check DAQ or Scan
Monitor DAQ or Scan
Start Lab Scan
Check Lab Scan
Clear DAQ or Scan
Scale DAQ or Scan
Reorder Scan Data
Reorder Scan Seq Data
Configure DAQ
Config DAQ Pretrigger
Config Double Buffering
IsHalf Buffer Ready?
Half Buffer to Array
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

SCAN_Set up
SCAN_Sequence_Set up
SCAN_Sequence_Retrieve
SCAN_St art

DAQ_Check

DAQ Moni t or

Lab | SCAN Start

Lab_| SCAN_Check

DAQ C ear

DAQ VScal e

SCAN_Denux
SCAN_Sequence_Dermmux
DAQ Confi g

DAQ St opTri gger _Config
DAQ DB Config

DAQ _DB_Hal f Ready

DAQ _DB_Tr ansf er

AO W¥ite

AO VScal e

AO Wite

AO_Updat e

AO Configure
AQO_Change_Par anet er

WEM_Op
WFM from Di sk

NI-DAQ FRM for PC Compatibles 1-8
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel NI-DAQ Function
Low-Level Functions
Scale Waveform Buffer WFM Scal e
Convert Waveform Rate WFM Rat e
Assign Waveform Group WFM_Gr oup_Set up
Load Waveform Buffer WFM_Load
Assign Rate to WFM Group WFM O ockRat e
Control Waveform Group WFM_Gr oup_Cont r ol
Pause/Resume WFM Channel WFM_Chan_Cont r ol
Check Waveform Channel WFM Check
Enable Double Buffering WFM DB_Confi g
Is Half Buffer Ready? WFM _DB_Hal f Ready
Copy Array to WFM Buffer WFM DB_Tr ansf er
Digital Input/Output
Configure Port DIG Prt_Config
Configure Line DI G Li ne_Config
Read Port DIG In_Port
Read Line DI G I n_Line
Write Port DI G Qut_Port
Write Line DI G Qut _Line
Get Port Status DIG Prt_Status
Configure Trigger DI G Trigger Config
Group Mode
Configure Group DIG Grp_Config
Read Group DG In_Gp
Write Group DG Qut_Gp
Get Group Status DIG G p_Status
Set Group Mode DI G G p_Mode
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel

NI-DAQ Function

SCXI1

Block Transfer
Read Block
Write Block
Check Block
Clear Block
Set Up Pattern Generation
Set Up Digital Scanning
Enable Double Buffering
IsHalf Buffer Ready?
Transfer To/From Array

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

Set Digital or Relay State

DI G Bl ock_In

Dl G Bl ock_Qut

DI G_Bl ock_Check

Dl G Bl ock_d ear

Dl G Bl ock_PG Config
Dl G_SCAN_Set up

DI G DB Config

Dl G_DB_Hal f Ready

DI G_DB_Tr ansf er

SCXI _Load_Config

SCXI _Set _Config

SCXl _Get _Chassis_Info
SCXI _Get _Modul e_Info
SCXI _Modul el D_Read
SCXI _Reset

SCXI _Si ngl e_Chan_Set up
SCXI _SCAN_Set up

SCXI _MuxCtr _Set up

SCXI _Tr ack_Hol d_Set up
SCXI _Track_Hol d_Contr ol
SCXI _Set _Gai n

SCXI _Configure_Filter
SCXI _Set _I nput _Mbode
SCXlI _Change_Chan

SCXl _Scal e

SCXI _AO Wite

SCXI _Set _State

NI-DAQ FRM for PC Compatibles 1-10
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel NI-DAQ Function
Get Digital or Relay State SCXI _Get_State
Get Status Register SCXI _Get _Status
Set Up Calibration Mode SCXI _Cal i brat e_Set up
Change Ca Constants SCXI _Cal _Const ants
Counter/Timer
DAQ-STC Counters (GPCTR)
Select Ctr Application GPCTR _Set _Application
Change Ctr Parameter GPCTR_Change_Par anet er
Configure Ctr Buffer GPCTR_Confi g_Buffer
Control Ctr Operation GPCTR _Cont r ol
Monitor Ctr Properties GPCTR Wat ch
Am9513 Counters (CTR)
Configure Counter CTR Config
Count Events CTR_EvCount
Count Periods CTR Peri od
Read Counter CTR_EvRead
Stop Counter CTR_St op
Restart Counter CTR_Rest art
Reset Counter CTR Reset
Get Counter Output State CTR State
Convert CTR Rate CTR Rate
Generate Pulse CTR _Pul se
Generate Square Wave CTR Squar e
Generate Freq OUT Signd CTR_FQUT_Config
Operate Multi Counters CTR Simul _Op
8253 Counters (ICTR)
Setup Interval Counter | CTR_Set up
Read Interval Counter | CTR_Read
Reset Interval Counter | CTR _Reset
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Table 1-3. The LabWindows/CVI Function Tree for Data Acquisition (Continued)

LabWindows/CVI Function Panel NI-DAQ Function
RTSI Bus
Connect RTS RTSI _Conn
Disconnect RTSI RTSI _Di sConn
Clear RTS| RTSI _d ear
Clock RTSI RTSI _d ock
Event Messaging
Config Alarm Deadband Confi g_Al ar m Deadband
Config Analog Trigger Event Config_ATri g _Event Message
Config Event Message Confi g_DAQ Event _Message

NI-DAQ FRM for PC Compatibles

Initialization/Utilities is a class of functions used for general board
initialization and configuration, for configuration retrieval, and for
setting NI-DAQ properties. This class also contains several useful
utility functions.

Board Config & Calibrate is a class of functions that perform
calibration and configuration that is specific to a single type of board.

The Analog Input class contains all of the classes of functions that
perform A/D conversions.

Single Point is aclass of Analog Input functions that perform A/D
conversions of asingle sample.

Multiple Point is a class of functions that perform clocked, buffered
multiple A/D conversions typically used to capture waveforms. This
classincludes high-level functions and a Low-Level Functions subclass.
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
conversionsin the background. The low-level functionsalso includethe
double-buffered functions.

The Analog Output class contains all the classes of functions that
perform D/A conversions.
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Single Point is a class of Analog Output functions that perform single
D/A conversions.

Waveform Generation is a class of functions that perform buffered
analog output. The Waveform Generation functions generate
waveforms from data contained in an array or adisk file. The Low-Level
Functions subclass provides a finer level of control in generating
multiple D/A conversions.

Digital Input/Output is a class of functions that perform digital input
and output operations. It also contains two subclasses. Group Modeisa
subclass of the Digital Input/Output class that contains functions for
handshaked digital input and output operations. Block Transfer is a
subclass of the Group Mode class that contains functions for
handshaked or clocked, buffered or double-buffered digital input and
output operations.

SCXI isaclass of functions used to configure the SCXI line of signal
conditioning products.

Counter/Timer is a class of function panels that perform counting and
timing operations. DAQ-STC Counters (GPCTR) is a subclass of
Counter/Timer that contains functions that perform operations on the
DAQ-STC counterson the E Series devices. Am9513 Counters (CTR) is
another subclass of Counter/Timer that contains functions that perform
operations on the Am9513 counters on the Am9513-based devices, and
the PC-T10-10. 8253 Counters (ICTR) is 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.

RTS Busisaclass of function panelsthat connect control signalsto the
RTSI bus and to other boards.

The DAQ Event Messages class contains functions that set up

conditions for sending messages to your application when certain
events occur.
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Chapter

Function Reference

This chapter contains a detailed explanation of each NI-DAQ function. The functionsare
arranged al phabetically.

Al_Check

Format
status= Al_Check (deviceNumber, readingAvailable, reading)

Purpose
Returns the status of the analog input circuitry and an analog input reading if oneis
available. Al _Check isintended for usewhen 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 Sel ect _Si gnal function; see DAQ_Conf i g for information on
enabling external conversions.

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

Continued

Parameter Discussion

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

reading isthe integer in which NI-DAQ returns the 12-bit result of an A/D conversion.
If the deviceis configured for unipolar operation, reading ranges from 0 to 4,095. If the
deviceis configured for bipolar operation, reading 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—r eadingAvailable and reading are pass-by-reference
parameters.

Using This Function

Al _Check checks the status of the analog input circuitry. If the device has performed
an A/D conversion, Al _Check returnsreadingAvailable = 1 and the A/D conversion
result. Otherwise, Al _Check returns readingAvailable = 0.

Al _Set up, in conjunction with Al _Check and Al _Cl ear, isuseful for externally
timed A/D conversions. Before you call Al _Set up, you can call Al _Cl ear 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 can call
Al _Check 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 _Cl ear clearsthe analog input circuitry and empties the analog input FIFO
memory. Al _Cl ear also clears any analog input error conditions. Y ou should call

Al _Cl ear before Al _Set up 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, inputM ode, inputRange, polarity, driveAl S)

Purpose
Informs NI-DAQ of theinput 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 116 assigned by configuration utility

chan i16 channel to be configured

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

inputRange 116 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
chan isthe analog input channel to be configured. Except for the E Series devices, the
AT-MI0O-64F-5, andthe AT-M10-16X, you must set chan to -1 because the same anal og
input configuration appliesto all of the channels. For the E Series devices,
AT-MIO-64F-5, and AT-MI10-16X, chan specifies the channel to be configured. If you
want all of the channels to be configured identically, set chan to -1.
Range: See Table B-1 in Appendix B.
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Al_Configure

Continued

inputM odeindicates whether the anal og input channels are configured for single-ended
or differential operation:

0: Differential (DIFF) configuration (default).

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

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

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

0: Bipolar operation (default value).

1: Unipolar operation.

The following table shows all possible settings for inputM ode, inputRange, and
polarity, with the default settingsin italics. inputM ode is independent of inputRange

and polarity.
Device Possible Analog Input Range Software
Valuesfor Configurable
inputMode* | inputRange* | polarity* | Resulting
Analoglnput
Range
AT-MIO-64F-5, 0,12 ignored unipolar | Oto+10V yes
AT-MIO-16F-5,
12-bit E Series ignored bipolar -5to+5V
AT-MIO-16X, 0,12 ignored unipolar | Oto+10V yes
16-hit E Series
ignored bipolar | -10to +10V
MIO-16 and 0,12 10 unipolar | Oto+10V no
AT-MIO-16D
10 bipolar -5to+5V
20 bipolar | -10to +10V
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Al_Configure
Continued
Device Possible Analog Input Range Software
Valuesfor Configurable
inputMode* | inputRange* | polarity* | Resulting
Analoglnput
Range
Lab-PC+ 0,1 ignored unipolar | Oto+10V no
ignored bipolar | -5to+5V
DAQCard-1200, 0,1 ignored unipolar | Oto+10V yes
DAQPad-1200,
L ab-PC-1200, ignored bipolar -5to+5V
Lab-PC-1200Al,
SCX1-1200,
PCI-1200
LPM Devices ignored 5 unipolar Oto+5V no (PC-LPM-16)
(RSE yes
' tMod 5 bipolar [-25t0+2.5V
'Or;ﬁ’;) ode (PC-LPM-16PnP)
10 unipolar | Oto+10V
10 bipolar -5to+5V
516 Devices, 1 10 bipolar -5to5V n/a
DAQCard-500
DAQCard-700 0,1 5 bipolar |[-25t0+25V yes
10 bipolar -5to+5V
20 bipolar | -10to +10V

* |talics indicates default settings.

Note:

If a device is software configurable, the inputM ode, inputRange, and
polarity parameters are used to program the device for the configuration
you want. If a deviceisnot software configurable, thisfunction usesthese
parametersto inform NI-DAQ of the device configuration, which you

NI-DAQ FRM for PC Compatibles
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Al_Configure

Continued

must set using hardware jumpers. If your device is software configurable
and you have changed the analog input settings through the NI-DAQ
Configuration Utility, you do not have to use Al _Conf i gur e, although
it is good practice to do so in case you inadvertently change the
configuration file maintained by the NI-DAQ Configuration Utility.

driveAlS, for the AT-MIO-64F-5 and AT-MI10-16X, indicates whether to drive
AISENSE to onboard ground or not. This parameter isignored for all other devices.
0: Do not drive AISENSE to ground.
1 Drive AISENSE to ground.

Notice that if you have configured any of the input channelsin nonreferenced single-
ended (NRSE) mode, this function returns a warning, inputM odeConflict (18), if you
set driveAlSto 1. When NI-DAQ reads a channel in NRSE mode, the device uses
AISENSE as an input to the negative input of the amplifier, regardliess of thedriveAl S
setting. When NI-DAQ reads a channel in differential or referenced single-ended (RSE)
mode, the device drives AISENSE to onboard ground if driveAlSis 1.

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 to your
DAQ device, you must configure these channels for nonreferenced single-ended mode.
Onthe AT-MI0O-16X, 16-hit E Series, AT-MI0O-16F-5, and AT-M10-64F-5 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.

Seethe Cal i brat e_E Seri es function description for information about
calibration constant loading on the E Series devices.

If you change the polarity on AT-MI10-16X, AT-MI10-64F, and AT-MI0O-16F-5 by
calling Al _Conf i gur e, NI-DAQ uses the following guidelines to ensure that
appropriate constants are loaded automatically.

 AT-MIO-16X: NI-DAQ checks if the load area contains the appropriate constants.
If so, NI-DAQ will load the constants from the load area. Otherwise, NI-DAQ will
load the constants from the factory area for the current polarity and return status
code calConstPolarityConflictError.

e AT-MIO-64F-5: This device has separate caldacs for unipolar and bipolar input.
Therefore, NI-DAQ does not need to reload calibration constants.
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Continued

e AT-MIO-16F-5: The load area on this device contains constants for both unipolar
and bipolar input. Therefore, NI-DAQ will load the appropriate constants from the
load areafor the current polarity.

= Note The actual loading of calibration constants will take place when you call
an Al , DAQ or SCANfunction. On the AT-M10-16X, the need for
reloading the constants will depend on the polarity of the channel on
which you are doing analog input.
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Al_Mux_Config

Format

status = Al_Mux_Config (deviceNumber, numM uxBrds)

Purpose

Configures the number of multiplexer (AMUX-64T) devices connected to the MO and
Al devicesand 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
numM uxBrds i16 number of external multiplexer devices

Parameter Discussion

numM uxBrdsis the number of external multiplexer devices connected.
0: No external AMUX-64T devices are connected (default).
1,24 Number of AMUX-64T devices connected.

Using This Function

Y ou can use an external multiplexer device (AMUX-64T) to expand the number of
analog input signalsthat you can measure with the MO 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. Y ou can cascade four AMUX-64T
devices to permit up to 256 single-ended (128 differential) analog input signals to be
read through one M10O or Al device. Refer to Chapter 1, Introduction to NI-DAQ, of the
NI-DAQ User Manual for PC Compatibles. See Chapter 10, AMUX-64T External
Multiplexer Device, in the DAQ Hardware Overview Guide for more information on using

the AMUX-64T.
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Continued

Al _Mux_Conf i g configuresthe number of multiplexer devices connected to the MIO
or Al device. Input channels are then referenced in subsequent analog input calls

(Al _VRead, Al _Read, Al _Set up, and DAQ_St ar t , for example) with respect to
the external AMUX-64T analog input channels, instead of the M10O and Al device
onboard channel numbers. Y ou need to executethe call to Al _Mux_Conf i g only once
in an application program.

For the AT-MI0O-64F-5 or AT-MI0O-64E-3, you asomust call M O_Conf i g if youplan
to use AMUX-64T channels. Refer to the M O_Conf i g function for further details.

Note: Some of the digital lines of port 0 on the MIO or Al device with
AMUX-64T devicesarereserved 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 2-1 shows the relationship between the number of
AMUX-64T devices assigned to the M1 O or Al device and the number of
digital 1/0 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 2-1. Port 0 Digital I/0 Lines Reserved

Number of AMUX-64T Devices Port O Digital Lines
Assigned toan M1O or Al Device Reserved

0 None

1 LinesOand 1

2 LinesO, 1, and 2

4 Lines0, 1,2, and 3
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Al_Read

Format

status = Al_Read (deviceNumber, chan, gain, reading)

Purpose

Reads an anal og 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 i16 the integer result of the A/D conversion

Parameter Discussion

chan is 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, use SCXI _Si ngl e_Chan_Set up
before calling this function. Please refer to Chapter 12, SCXI Hardware, in the DAQ
Hardware Overview Guide and the NI-DAQ User Manual for PC Compatibles for more
information on SCXI channel assignments.

See Table B-1in Appendix B.

Range:

gain is 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
modul e either by setting jumpers on the module or by calling SCXI _Set _Gai n. Refer
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Continued

to Appendix B, Analog Input Channel and Gain Settings and Voltage Calculation, for
valid gain settings. If you use an invalid gain, NI-DAQ returns an error. If you call

Al _Read for the DAQCard-500/700 or 516 and LPM devices, NI-DAQ ignores the
gain.

Note: NI-DAQ does not distinguish between the low-gain and high-gain
versionsof the AT-MIO-16. | f you enter again of 10 and you have a device
with gainsof 1, 2, 4, and 8, then a gain of 2 actually isused and no error
isreturned.

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—reading is a pass-by-reference 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 conversion. Al _Read waits for the
conversion to complete and returnstheresult. If the conversion does not compl ete within
areasonabletime, thecall to Al _Read issaid to have timed out and the timeOutError
code is returned.
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Al _Read Scan

Format

status= Al_Read_Scan(Al_Read Scan (deviceNumber, reading)

Purpose

Returns readings for all analog input channels selected by SCAN_Set up (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 anal og 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 in the SCAN_Set up
numChans parameter. Range of elementsin reading 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 samplesthe analog input channels selected by SCAN_Set up, at half
the maximum rate permitted by your data acquisition hardware.
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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
chan is 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, use SCXI _Si ngl e_Chan_Set up
before calling this function. Please refer to Chapter 12, SCXI Hardware, in the DAQ
Hardware Overview Guide and the NI-DAQ User Manual for PC Compatibles for more
information on SCXI channel assignments.
Range: See Table B-1in Appendix B.

gain isthe gain setting to be used for the specified channel. gain appliesonly to the DAQ
device; if you are using SCXI, establish any gain you want on the SCX| module by
setting jumpers on the module (if any) or by calling SCXI _Set _Gai n. Refer to
Appendix B, Analog Input Channel and Gain Settings and Voltage Calculation, for
valid gain settings. If you use an invalid gain, NI-DAQ returns an error. If you call

Al _Set up for the 516 and LPM devices or DAQCard-500/700, NI-DAQ ignores the
gain.
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Al_Setup
Continued
Note: NI-DAQ does not distinguish between the low-gain and high-gain

versionsof the AT-MI10O-16. I f you enter again of 10 and you have a device
with gainsof 1, 2, 4, and 8, then NI-DAQ uses a gain of 2 and returns no
error.

Using This Function
Al _Set up addresses the specified analog input channel and changes the input gain to
the specified gain setting. Al _Set up, inconjunctionwith Al _Check andAl _Cl ear,
is used for externally timed A/D conversions. If your application calls Al _Read with
channel and gain parameters different from those used in the last Al _Set up call, you
must call Al _Set up again for Al _Check to return data from the channel you want at
the selected gain.

1% Note This function cannot be used if you have an SC-2040 connected to your
DAQ device.
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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

chan is the analog input channel number.
Range: See Table B-1 in Appendix B.

gain isthe gain setting to be used for the specified channel. Refer to Appendix B, Analog
Input Channel and Gain Settings and Voltage Calculation, for valid gain settings. If you
use an invalid gain, NI-DAQ returns an error. If you call Al _VRead for the 516 and
LPM devices or DAQCard-500/700, NI-DAQ ignores the gain.
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Al_VRead
Continued
Note: NI-DAQ does not distinguish between the low-gain and high-gain
versionsof the AT-MI10O-16. I f you enter again of 10 and you have a device
with gainsof 1, 2, 4, and 8, then NI-DAQ uses a gain of 2 and returns no
error.
voltage is the floating-point variable in which NI-DAQ returns the measured voltage,
scaled to units of volts.
Note: C Programmers—Vvoltage is a pass-by-reference parameter.

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 conversion. Al _VRead waits for the
conversion to complete and then scales and returns the result. If the conversion does not
complete within areasonable time, the call to Al _VRead is said to have timed out and
NI-DAQ returns the timeOutError code.

When you use SCXI as afront end for analog input to an MI1O or Al device, Lab-PC+,
Lab-PC-1200, Lab-PC-1200Al, PCI-1200, LPM device, or DAQCard-700, it is not
advisable to use the Al _VRead function because that function does not take into
account the gain of the SCX| module when scaling the data. Y ou should use the

Al _Read function to get unscaled data and then call the SCXI _Scal e 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.
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Al_VRead_Scan

Format
status=Al_VRead_Scan (deviceNumber, reading)

Purpose
Returns readings in volts for all analog input channels selected by SCAN_Set up
(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 in the SCAN_Set up
numChans parameter. NI-DAQ uses values you have specified in SCAN_Set up
through the gains 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 specified in
SC _2040_Conf i g (through the sc2040gain parameter) or
Set _DAQ Devi ce_I nf o (afixed gain of 10) for computing voltages.

Using This Function
Al _VRead_Scan samples the analog input channels selected by SCAN_Set up, at
half the maximum rate of your data acquisition hardware permits.
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Continued

Y ou must use the SCAN_Set up function prior to invoking this function.

Y ou cannot use external signalsto 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 Al _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
chan is the onboard channel or AMUX channel on which NI-DAQ took the binary
reading using Al _Read. For devices other than the AT-M10-16X, AT-MI10-64F-5, and
E Series devices, this parameter is ignored because the scaling calculation is the same
for all of the channels. However, you are encouraged to pass the correct channel number.
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Continued

gain isthe gain setting that you used to take the analog input reading. If you used SCXI
to take the reading, this gain parameter should be the product of the gain on the SCXI
module channel and the gain that the DAQ device used. Refer to Appendix B, Analog
Input Channel and Gain Settings and Voltage Calculation, for valid gain settings. Use
of invalid gain settings causes NI-DAQ to return an error unless you are using SCXI. If
you call Al _VScal e for the 516 and LPM devices or DAQCard-500/700, NI-DAQ
ignores the gain unless you are using SCXI.

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

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

reading isthe result of the A/D conversion returned by Al _Read.

voltage is the variable in which NI-DAQ returns the input voltage converted from
reading.

Note: C Programmers—Vvoltage is a pass-by-reference parameter.

Using This Function

Refer to Appendix B, Analog Input Channel and Gain Settings and Voltage Cal culation,
for the formula Al _VScal e usesto calculate voltage from reading.

If your device polarity and range settings differ from the default settings shown in the
I ni t DA Brds function, be sureto call Al _Conf i gur e toinform the driver of the
correct polarity and range before using this function.
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Align_DMA_Buffer

Format
status= Align_DMA_Buffer (deviceNumber, resource, buffer, count, buffer Size, alignl ndex)

Purpose
Alignsthe datain a DMA buffer to avoid crossing a physical page boundary. This

function is for use with DMA waveform generation and digital 1/O pattern generation
(AT-MIO-16F-5 and AT-DIO-32F only).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
resour ce i16 represents the DAC channel or the digital input
or output group
buffer [i16] integer array of samplesto be used
count u32 number of data samples
buffer Size u32 actual size of buffer
Output
Name Type Description
alignlndex u32 offset into the array of the first data sample

Parameter Discussion

resour ce represents 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.
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Continued

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

buffer isthe integer array of samples NI-DAQ uses in the waveform or pattern
generation. The actual size of buffer 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 amemAlignmentError. For Windows applications
running in real or standard mode, a buffer Size of 2xcount guarantees that thereis
enough room for alignment.

count is the number of data samples contained in buffer.
Range:  3through 2%2-1.

buffer Size is the actual size of buffer.
Range:  count through 2%2-1.

alignindex isthe 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 returns alignl ndex
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 boundary, alignl ndex is a value other than 0, and the
first data sampleislocated at buffer[alignindex] (if your array is zero based). If you
use digital input with an aligned buffer, NI-DAQ stores the data in the buffer beginning
at alignindex.

Note: C Programmers—alignlndex is a pass-by-reference parameter.

Using This Function

UseAl i gn_DMA Buf f er to avoid the negative effects of page boundariesin the data
buffer on AT bus machines for the following cases:

« DMA waveform generation at close to maximum speed

» Digital 1/O pattern generation at close to maximum speed

* Interleaved DMA waveform generation at any speed

e 32-hit 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 occursin the data buffer, NI-DAQ must reprogram
the DMA controller before NI-DAQ can transfer the next data sample. The extratime
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needed to do the reprogramming i ncreases 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-hit digital pattern generation can cause unpredictable results, regardless of your
operating speed. To avoid this problem, you should alwaysuse Al i gn_ DMA_Buf f er
with interleaved DMA waveform generation (indicated by resource = 2) and 32-bit
digital pattern generation (indicated by resour ce = 13). In these two cases,

Al i gn_DMA Buf f er first attemptsto align the buffer so that the data completely
avoids a page boundary. If buffer Size 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 buffer Size > count + 1.

If neither form of alignment is possible, the function returns an error. If

Al'i gn_DMA_Buf f er partially aligned the data, the function returns a
memPageError warning indicating that a page boundary is still in the data.

Note: Physical DMA page boundaries do not exist on EI SA bus computers.
However, page boundaries can be introduced on these computersasa side
effect of Windows 386 Enhanced mode and the Windows NT virtual
memory management system. This happens when a buffer islocked into
physical memory in preparation for a DAQ operation. |f 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 usesthe DMA chaining feature available on EI SA computersto
chain across page boundaries, thus avoiding the delay involved in DMA
programming.

You should call Al 'i gn_DMA _Buf f er after your application has loaded buffer with
the data samples (for waveform generation or digital output) and before calling
WFM_Op, WFM Load, DI G Bl ock_I n, or DI G_Bl ock_Qut . You should pass the
aligned buffer to the waveform generation and pattern generation functions the same
way you would an unaligned buffer. The count parameter in the waveform generation
or pattern generation function call should be the same as the count parameter passed to
Al i gn_DVA Buf f er, not buffer Size.

If you want to accessthe datain buffer after calling Al i gn_DMA_Buf f er , accessthe
data starting at buffer[alignIndex] (if your array is zero based).
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After using an aligned buffer for waveform generation or pattern generation, NI-DAQ
unaligns the data. After the buffer has been unaligned, the first data sampleis 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 call to

Al'i gn_DMA Buf f er before calling WFM _Op, WFM Load, DI G Bl ock_I n, or

DI G Bl ock_Qut .

See Waveform Generation Application Hints and Digital I/O Application Hintsin
Chapter 3, Software Overview, of the NI-DAQ User Manual for PC Compatibles for
more information on the use of Al i gn_DMA_Buf f er.

See Chapter 4, DMA and Programmed I/O Performance Limitations, of the NI-DAQ
User Manual for PC Compatiblesfor adiscussion of DMA page boundaries and special
run-time considerations.
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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 areasto EEPROM area 1. Y ou can load
an existing set of calibration constants into the calibration DACs from a storage areaiin
the onboard EEPROM. Y ou can copy EEPROM storage areas 2 through 5 (EEPROM
area 5 contains the factory calibration constants) to storage area 1. NI-DAQ
automatically loads the calibration constants stored in EEPROM area 1 the first time a
function pertaining to the AT-AO-6/10 is called.

Note: Use the calibration utility provided with the AT-AO-6/10 to perform a
calibration procedure. Refer to the calibration chapter in the AT-AO-6/10
User Manual for 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

oper ation determines the operation to be performed.
1: Load calibration constants from EEPROM | oc.
2: Copy calibration constants from EEPROM loc to EEPROM user calibration
area l.
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EEPROM loc 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.

User calibration area 1.

User calibration area 2.

User calibration area 3.

User calibration area 4.

Factory calibration area.

Using This Function
When NI-DAQ initializes the AT-AO-6/10, the DAC calibration constants stored in
EEPROM Ioc 1 (user calibration area 1) provide the gain and offset values used to
ensure proper device operation. In other words, | ni t DA _Br ds performs the
equivalent of calling AO_Cal i br at e with operation set to 1 and EEPROM Ioc set
to 1. When the AT-AO-6/10 leaves the factory, EEPROMIoc 1 contains a copy of
the calibration constants stored in EEPROM loc 5, the factory area.

A calibration procedure performed in bipolar mode is not valid for unipolar and vice
versa. Please see the calibration chapter of the AT-AO-6/10 User Manual for more
information regarding calibrating the device.
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Format
status= AO_Change Parameter (deviceNumber, channel, paraml D, paramValue)

Purpose
Selects a specific parameter setting for the analog output section of the device or an
analog output channel. Y ou can sel ect parameters rel ated to anal og output not listed here
through the AO_Conf i gur e function.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility

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

paramlD u32 identification of the parameter you want to
change

paramValue u32 new value for the parameter specified by
paramiD

Parameter Discussion

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

e C programmers—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CVI)

* BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers
should refer to the Programming Language Considerations section in Chapter 1 for
more information.)

e Pascal programmers—NI DAQCNS. PAS
Legal values for channel depend on the type of device you are using; analog output

channels are labeled 0 through n-1, where n is the number of analog output channels on
your device. You can set channel to -1 to indicate that you want the same parameter
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selection for all channels. Y ou must set channel to -1 if you want to change a parameter
you cannot change on per-channel basis.

Legal values for paramValue depend on paraml D. The following paragraphs list
features you can configure along with legal values for paraml D with explanations and
corresponding legal values for paramValue.

Reglitching

Every time you change the state of your DAC, avery 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); itissmaller in other cases. When reglitching isturned on, the glitch sizeis much
less dependent on the bit pattern.

To change the reglitching parameter, set paramID to ND_REGLI TCH.

If you are not concerned about this, you are likely to be satisfied by the default values
NI-DAQ selectsfor you if you do not call thisfunction. Thefollowing table lists devices
on which you can change this parameter.

Table 2-2. Reglitching Parameters for Permissible Devices

Device Type Per-Channel Selection | Legal Range for Default Setting for
Possible paramValue paramValue
AT-MIO-16X1 No ND_COFF and ND_ON
ND_ON
AT-MIO-16E-1 Yes ND_OFF and ND_OFF
AT-MIO-16E-2 ND_ON
AT-MIO-64E-3
NEC-MIO-16E-4
PCI-MI0O-16E-1
VXI-MIO-64E-1
VXI-MI0O-64XE-10
Warning: [f you turn off reglitching on the AT-MIO-16X, timing problems that NI-DAQ
cannot detect might occur.

© National Instruments Corporation

2-29

NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

AO_Change Parameter

Continued

Voltage or Current Output
Some devices require separate calibration constants for voltage and current outputs.

Setting the output type to voltage or current for these devices causesthe driver to use the
correct calibration constants and to interpret theinput data correctly in AO_ VW ite.To
change the output type, set paramiD to ND_OUTPUT_TYPE.

Table 2-3. Voltage or Current Output Parameters

Device Type Per-Channel Selection | Legal Rangefor | Default Setting for
Possible paramValue paramValue
PC-AO-2DC Yes ND_CURRENT ND_VOLTAGE
DAQCard-AO-2DC and
VXI-AO-48XDC ND_VOLTAGE

For the VXI-AO-48XDC device the paramID of ND_OUTPUT_TYPE isused in
conjunction with the channel value to select the anal og output channel to be affected. To
select a voltage channel, set the paramValueto ND_VOLTAGE. To select a current
channel, set the paramValue to ND_CURRENT.

FIFO Transfer Condition

Y ou can specify the condition that causes more datato be transferred from the waveform
buffer into the anal og 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 asfull as possible, or effectively disable, or reduce the size of the FIFO.

For example, if you want to reduce the FIFO lag 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 may
also reduce the maximum sustainable update rate.

To change the FIFO Transfer Condition, set paramiD to
ND_DATA TRANSFER CONDI Tl ON, and set paramValue to one of the following
four values:
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Table 2-4. Parameter Values for FIFO Transfer Conditions

Transfer Condition NI-DAQ Constant
FIFO not full ND_FI FO NOT_FULL
FIFO half full or less ND_FI FO HALF_FULL_OR LESS
FIFO empty ND_FI FO_EMPTY
FIFOhalf full or lessuntil full | ND_FI FO HALF_FULL_OR LESS UNTI L_FULL
(DMA only)

Set channel to one of the channel numbersin your waveform group. For example, if you
have configured group 1 to contain channels 0 and 1, you can set channel to O or 1.

This option is valid only for PCI-MIO E Series devices.

When using PCI-MI10O E Series 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. Thisis due to a 32-sample FIFO on the MiniMite, the onboard DMA controller
used for DMA transfers.

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 FIFO Transfer Condition, as described above.
AO_Change_Par anet er 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 FIFO Transfer Count, NI-DAQ will choose an appropriate value for you.

The value of FIFO Transfer Count is used when you do interrupt-driven waveform
generation, but isignored when doing DM A-driven waveform generation. When you use
DMA, DMA requests are generated as long as the Transfer Condition is true.

The following table contains the default values that will be used if you do not specify
FIFO Transfer Count, in addition to the valid values that can be set.
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Table 2-5. 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-FIFOsize
FIFO half full or less until FIFO Transfer Count cannot N/A
full (DMA only) be specified for this Transfer
Condition

For example, if you choose the FIFO empty transfer condition, and set the transfer
count to 10, each time the board is interrupted with a FIFO empty interrupt, NI-DAQ
will transfer 10 samples from the user buffer into the anal og output FIFO. Although this
will not improve the maximum sustainable update rate, it will reduce the number of
interrupts, and will reduce the FIFO lag effect to a maximum of 10 samples.

If you choose the FIFO half full or lesstransfer condition, and set the transfer count to
100 on a board with a 2048-sample FIFO, the FIFO will fill with a maximum of 1124
samples (half the fifo plus 100 samples), and each time the number of samplesin the
FIFO falls to less than 1024, another interrupt will be generated, at which time 100
samples will be transferred from the waveform buffer to the FIFO.

To change the FIFO Transfer Count, set paramID to ND_FI FO_TRANSFER_COUNT,
and use paramValue to pass in a 32-hit integer.

Set channel to one of the channel numbersin your waveform group. For example, if you
have configured group 1 to contain channels 0 and 1, you can set channel to O or 1.

Note: Thisoption isvalid only for PCI-MIO E Series devices.

Ground DAC Reference

Y ou can ground the reference that the analog output channels use, which will cause the
output voltage to remain at 0 volts, regardless of the value you write to the channel.

To change the grounding of the DAC Reference, set paramiD to
ND_GROUND_DAC_ REFERENCE, and set paramValue to either ND_YES, or ND_NO.
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The effect isimmediate. 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: Thisoption isvalid only for PCI-MIO E Series devices.
Using AO_Change_Parameter Settings for the 54 XX Series

Analog Filter

Some devices have alow pass analog filter after the DAC. Y ou can switch thisfilter ON
or OFF. By switching this filter OFF, the analog low pass filter stage will be bypassed.
To change the digital filter setting, set paramID to ND_ANALOG FI LTER.

Table 2-6. Parameter Setting Information for the Analog Filter

Device Type Per-Channel Legal Range Default Setting
Selection Possible for paramValue for paramValue
DAQArb AT-5411 Yes ND_ON and ND_ON
DAQArb PCI-5411 ND_OFF

Digital Filter

Some devices have alow pass digital filter before the DAC. Y ou can switch this filter

ON or OFF. By switching this filter OFF, the digital low pass filter stage will be
bypassed.
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To change the digital filter setting, set paramID to ND_DI G TAL_FI LTER.

Table 2-7. Parameter Setting Information for the Digital Filter

Device Type

Per-Channel
Selection Possible

Legal Range
for paramValue

Default Setting
for paramValue

DAQArb AT-5411
DAQArb PCI-5411

Yes

ND_ON and
ND_OFF

ND_ON

Output Enable

On some of the devices you can disable the output even when the waveform generation
isin progress. Thisfeatureisvery useful for bringing the output to aknown level at any
time.

On the DAQArb AT-5411 and DAQArb PCI-5411, thereis arelay just before the user
I/0 connector. By disabling the output, this relay switches so that the output of the I/0O
connector shorts to ground. The waveform generation can still continue, but no signal
will appear at the output of the 1/0 connector. Y ou can enable or disable the output at
any time.

To change the output enable setting, set parami D to ND_OUTPUT_ENABLE.

Table 2-8. Parameter Setting Information for Output Enable

Device Type

Per-Channel
Selection Possible

L egal Range
for paramValue

Default Setting
for paramValue

DAQArb AT-5411
DAQArb PCI-5411

Yes

ND_YES and
ND_NO

ND_NO

Output Impedance

On some of the devices you can select the output impedance to match the impedance of
the load.

Output impedance of 50 Q is good for testing most of the devices. Y ou can use output
impedance of 75 Q for video testing. If you select an output impedance of 0 Q, you
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should be driving an unterminated load (that is, aload with a very high input
impedance).

To change the output impedance setting, set paramI D to ND_| MPEDANCE.

Note: The values are set up in milliOhms (mQ).

Table 2-9. Parameter Setting Information for Output Impedance

Device Type Per-Channel Legal Range Default Setting
Selection Possible for paramValue for paramValue
DAQArb AT-5411 Yes 0, 50,000, and 50,000
DAQArb PCI-5411 75,000

Output Attentuation

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 beforeit.

Attenuation (in mDb) = - [20 log,, (V/V;)]* 1000

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

For DAQArb AT-5411 and DAQArb PCI-5411 devices, V;=-5V to +5V for terminated
load and -10 V to +10 V for unterminated load. For example, if you want to change the
output levelsto -2.5V to +2.5 V into aterminated load, then:

Attenuation = -[20*10g,,(2.5/5)]* 1000 = 6020 mdB
To change the output attenuation setting set paramlID to ND_ATTENUATI ON.

= Note The values are set up in milliDecibels.
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Table 2-10. Parameter Setting Information for Qutput Attenuation
Device Type Per-Channel Legal Range Default Setting
Selection Possible for paramValue| for paramValue
DAQArb AT-5411 Yes 0 through 0
DAQArb PCI-5411 74,000

Frequency Correction for the Analog Filter

Some devices have an analog low pass filter in their output stage. To correct for the
abnormalities of thisfilter at a particular frequency, set paraml|D to
ND_FI LTER _CORRECTI ON_FREQ. You can set the paramValue to 0 to disable the

frequency correction for the analog filter, If you have disabled the anal og filter, you also
must disable the frequency correction.

Table 2-11. Parameter Setting Information for Frequency Correction for the Analog Filter

Device Type Per-Channel Legal Range Default Setting
Selection Possible for paramValue| for paramValue
DAQArb AT-5411 Yes 0 through 0
DAQArb PCI-5411 16,000,000
Trigger Mode

Some devices can generate the waveforms stored in the memory on board in different
ways by setting the trigger mode parameter.

The following trigger modes are possible on the DAQArb AT-5411 and
DAQATrb PCI-5411 devices:

Single Thewaveform described by the user in the sequencelist!
is generated once by going through all the sequencelist.
Only astart trigger is required.

Continuous The waveform described by the user in the sequence list
is generated infinitely by recycling through all of the
sequence list. Only the start trigger is required.
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After the start trigger, the waveform described by the
first sequence entry is generated. It then waits for
another trigger. At the time of triggering, the waveform
described by the second sequence entry is generated,
and so on. When all of the sequence list is exhausted, it
returns to the first sequence entry.

After the start trigger has been implemented, the
waveform described by the first sequence entry is
generated until another trigger isimplemented. At the
time of triggering, the earlier waveform is completed
before the waveform described by the second sequence
entry is generated and so on. When all of the sequence
list is exhausted, it returns to the first sequence entry.

To change the trigger mode setting, set paramID to ND_TRI GGER MODE.

1 A sequence list is used in staging-based waveform generation for linking, looping, and
generating multiple waveforms stored on the onboard memory. The sequence list has a
list of entries. Each entry is called a stage. Each stage specifies which waveform to
generate and the other associated settings for that waveform (for example, the number
of loops). For more details on staging-based waveform generation, refer to WFM_Load
in this manual. For more details on triggering and trigger sources, refer to your 54XX

Series User Manual.

Table 2-12. Parameter Setting Information for the Trigger Mode

Device Type Per-Channel L egal Range Default Setting
Selection Possible for paramValue for paramValue
DAQArb AT-5411 Yes ND_SI NGLE ND_CONTI NUOUS
DAQArb PCI-5411 ND_CONTI NUQUS
ND_ BURST
ND_STEPPED
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PLL Reference Frequency

On some of the devicesyou can phase-lock the internal timebaseto an external reference
clock. Theinternal timebase can be an integral multiple of the external reference clock.
Thisfeatureis useful because you can synchronize the timebases of multiple devices so
that they are all locked to each other.

On DAQArb AT-5411 and DAQATrb PCI-5411 devices you can phase-lock the internal
timebase to anon-National Instruments device using the I/O connector, or to a National
I nstruments device using the RTSI connector. Y ou can select the reference clock source
by using the Sel ect _Si gnal function call. If the PLL reference clock sourceis the
RTSI clock, set the reference clock frequency to 20MHz.

To change the PLL reference frequency, set paramiD to ND_PLL_REF FREQ

Note: Thevaluesare set up in Hertz (Hz).

Table 2-13. Parameter Setting Information for PLL Reference Frequency

Device Type Per-Channel Legal Range Default Setting
Selection Possible for paramValue| for paramValue
DAQArb AT-5411 Yes 1,000,000, 1,000,000
DAQArb PCI-5411 10,000,000,
20,000,000

SYNC Duty Cycle

The SYNC output isaTTL version of the sine waveform being generated at the output.
It is obtained by using a zero-crossing detector on the sine output. It is generated on a
separate output connector instead of the main analog output connector. The SYNC

output might not carry any meaning for any other types of waveforms being generated.

Y ou can vary the duty cycle of TTL output on the fly. To change the SYNC duty cycle
as the percentage of thetime high, set paramID to ND_SYNC_DUTY_CYCLE_HI GH.
the paramValue parametersimply percentage (%). To disable the SY NC output, set the
paramValueto O or 100. By setting it to O, the SYNC output will goto O V. If you set
it to 100, it will goto +5 V.
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Table 2-14. Parameter Setting Information for the SYNC Duty Cycle

Device Type

Per-Channel

Selection Possible

Legal Range
for paramValue

Default Setting
for paramValue

DAQArb AT-5411
DAQArb PCI-5411

Yes

20to0 80

50

Using This Function

Y ou can customize the behavior of the analog output section of your device with this
function. Y ou should call this function before calling NI-DAQ functions that cause
output on the analog output channels. Y ou can call this function as often as needed.
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Format

status= AO_Configure (deviceNumber, chan, outputPolarity, intOr ExtRef, refVoltage,
updateM ode)

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
a nondefault analog output configuration through the NI-DAQ Configuration Utility,
you do not need to use AO_Conf i gur e because NI-DAQ uses the settings recorded by
the NI-DAQ Configuration Utility. If you have a software-configurable device, you can
use AO_Conf i gur e to change the analog output configuration on the fly.

Warning: For the AT-AO-6/10, NI-DAQ records the configuration information for
? output polarity and update mode in channel pairs. A call to
AO_Conf i gur e records the same output polarity and update mode
selections for both channelsin a pair.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility

chan i16 analog output channel number

outputPolarity i16 unipolar or bipolar

intOr ExtRef i16 reference source

refVoltage f64 voltage reference value

updateM ode i16 when to update the DACs
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Parameter Discussion

chan is the analog output channel number.

Range: Oor 1forthe AO-2DC, Lab and 1200 Series anal og output devices, and M1O
devices.
0 through 5 for the AT-AO-6.
0 through 9 for the AT-AO-10.
0 through 47 for the VXI1-AO-48XDC.
0 for the DAQArb AT-5411 and DAQArb PCI-5411.

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

For the AT-AO-6/10 and MI10O devices (except the M10O-16XE-50 devices):
0: Bipolar operation (default setting, output range is from -refVoltage to
+refVoltage).
1 Unipolar operation (output range is from 0 to +refVoltage).

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 M10O-16XE-50 devices:
0: Bipolar operation (output range is from 0 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 0to +10 V or
0to 20 mA).

For the VXI-AO-48XDC:
0: Bipolar operation (voltage only; output range is from -10 to +10 V).
1 Unipolar operation (current only; output range is from 0 to 20 mA).

For the DAQArb AT-5411 and DAQArb PCI-5411 devices:
0: Bipolar operation (output rangeis-5to +5V for a50 Q terminated load and
-10to +10 V for an unterminated load—that is, aload with avery high
impedance).

© National Instruments Corporation 2-41 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

AO_Configure

Continued

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

The MIO devices, except the 16-bit MIO E Series devices, and AT-A0O-6/10 devices
support external analog output voltage references.

For DAQArb AT-5411 and DAQArb PCI-5411 devices, only internal referenceis
supported.

refVoltageisthe analog output channel voltage reference value. Y ou can configure each
channel to use an internal reference of +10 V (the default) or an external reference.
Although each pair of channelsis served by asingle external reference connection, the
configuration of the external reference operates on a per-channel basis. So, 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.

If you make areference voltage connection, you must assign r efVV oltage the value of the
external reference voltagein acall to AO_Conf i gur e for the AO VWit e and

AO _VScal e functionsto operate properly. For devices that have no external reference
pin, the output range is determined by outputPolarity, and NI-DAQ ignores this
parameter.

updateM ode 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 acall to AO_Updat e
(later internal update mode).
2: Not updated when written to, but updated later upon application of an active
low pulse. Y ou should apply this pulse to:

e TheOUT2 pinfor an M10-16/16D device.
* The EXTDACUPDATE pin for an MIO-F/16 device.

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

e ThePFI5 pin for the MIO E Series devices. To alter the pin and polarity
selections you make with this function, for an M10 E Series device, you
can call Sel ect _Si gnal with signal = ND_OUT_UPDATE after you
call AO_Confi gure.
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Note: This modeis not valid for the VXI-AO-48XDC.

Using This Function
AO_Conf i gur e storesinformation about the analog output channel on the specified
device in the configuration table for the analog channel. For the AT-AO-6/10, the
outputPolarity and updateM ode information is stored for channel pairs. For example,
analog output channels 0 and 1 are grouped in a channel pair, and a call to
AO_Conf i gur e for channel 0 record the outputPolarity and updateM ode for both
channels 0 and 1. Likewise, acall to AO_Conf i gur e for channel 1 records the
outputPolarity and updateM ode for both channels 0 and 1. The AT-A0O-6/10 channel
pairs are as follows:

AT-AO-6/10 channel pairs:

e Channels 0 and 1.

e Channels2 and 3.

* Channels4 and 5.

e Channels6 and 7 (AT-AO-10 only).
e Channels8 and 9 (AT-AO-10 only).

AO_Conf i gur e storesinformation 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 and AT-AO-6/10:
outputPolarity = 0: Bipolar.
refVoltage=10V.
updateM ode = 0: Update when written to.

e Lab and 1200 Series analog output devices:
outputPolarity = 0: Bipolar (-5to +5 V).
updateM ode = 0: Updated when written to.

e VXI-AO-48XDC:
outputPolarity = 0; Bipolar (-10 to +10 V).
updateM ode = 0: Updated when written to.

If you configure an output channel for later internal update mode (updateM ode = 1),
you can configure no other output channels for later external update mode

(updateM ode = 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.
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Continued

If the physical configuration (the jumpered settings) of the analog output channels on
your device differs from the default setting, you must call AO_Conf i gur e 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, you should configure both channelsin a channel pair
the same way.

On the AT-MIO-16X, AT-MI0O-64F-5, and M10O E Series devices (except
MI10O-16XE-50 devices), the calibration constants used for analog output change
depending on the polarity of the analog output channels. NI-DAQ aways ensures that
the calibration constants in use match the current polarity of the channels.

If you change the polarity on the AT-MIO-16X or the AT-MIO-64F-5 by calling
AO_Confi gur e, NI-DAQ checks if the load area contains the appropriate constants.
If so, NI-DAQ loads the constants from the load area. Otherwise, NI-DAQ loads the
constants from the factory area for the current polarity and return status code
calConstPolarityConflictError. The actual loading of calibration constantstakes place
when you call an AO or WFMfunction. Seethe Cal i brat e_E_Seri es function
description for information about calibration constant loading on the MIO E Series
devices.

If you want to load constants from some other EEPROM area, you must call the
M O_Cal i br at e function after calling AO_Conf i gur e.
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AO_Update

Format
status = AO_Update (deviceNumber)

Purpose

Updates anal og output channels on the specified device to new voltage values when the
later internal update mode is enabled by a previous call to AO_Conf i gur e.

Parameters
Input
Name Type Description
deviceNumber 16 dlot or device ID number

Using This Function

AO_Updat e 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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AO_VScale

Format
status= AO_V Scale (deviceNumber, chan, voltage, binVal)

Purpose
Scales avoltage 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 i16 converted binary value returned

Parameter Discussion
chan is the analog output channel number.
Range: 0 or 1 for the Lab and 1200 Series analog output devices, and M10O devices.
0 through 5 for AT-AO-6.
0 through 10 for AT-AO-10.
0 through 47 for the VXI-AO-48XDC.

Note: C Programmers—binVal is a pass-by-reference parameter.
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Continued

Using This Function
Using the following formula, AO_VScal e calculates the binary value to be written to
the specified analog output channel to generate an output voltage corresponding to
voltage.

binVal = (voltage/refVoltage) * maxBinVal

where values of refVoltage and maxBinVal are listed in the following table:

Device Unipolar Bipolar

refVoltage maxBinVal refVoltage | maxBinva

Most M10O devices * 4,096 * 2,048
AT-MIO-16X * 65,536 * 32,768
PCI-MIO-16XE-50 — — 10.0 32, 768

AT-MIO-16XE-50

Lab and 1200 Series 10.0 4,096 5.0 2,048
analog output devices

AT-AO-6/10 * 4,096 * 2,048

Note: * indicates that you specify the value of refVoltagein the AO_Conf i gur e
function call.

Notice that refVoltage isthe value you specify in AO_Conf i gur e. AO_Confi gure
(default is 10 V for the AT-MI10-16 and AT-AO-6/10). 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.

Note: Some inaccuracy resultsin the bi nVal 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 value for AO_VScal e. The binary output value is designated as
the most significant 16 bits of the scaling operation to minimize this
inaccuracy. Usethe AO_VW i t e function to prevent this kind of
inaccuracy.
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AO_VWrite

Format
status= AO_VWrite (deviceNumber, chan, voltage)

Purpose
Accepts afloating-point voltage value, scalesit to the proper binary number, and writes
that number to an analog output or current channel to change the output voltage.

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
chan is the analog output channel number.
Range: Oor 1forthe AO-2DC, Lab and 1200 Series analog output, and M10 devices.
0 through 5 for AT-AO-6.
0 through 9 for AT-AO-10.
0 through 49 for the VXI1-AO-48XDC.

voltageisthe floating-point val ue to be scaled and written to the anal og 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: -10to+10 V.
AT-AO-6/10: -10to +10 V.
Lab and 1200 Series
analogm output devices: -5to+5 V.
VXI-AO-48XDC: -10to +10 V.
« Default ranges (unipolar, internal voltage reference):
AO-2DC device: Oto+10V.
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Continued

If you set the output type to current by calling AO_Change_Par anet er, the
floating-point value indicates the current in amps.

»  Default ranges (unipolar, internal voltage reference):
AO-2DC device: 0t0 0.002 A.
VXI-AO-48XDC: 0t00.002 A.

Using This Function
AO VW i t e scales voltage to 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 acall to AO_Updat e or the application if 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 call AO_Conf i gur e with thisinformation for
AO_VW it e to correctly scale the floating-point value to the binary value.

Y ou also can use this function to calibrate the V X1-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 the AO_Change_Par anet er 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 the

AO_Change_Par anet er 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

produced at the channel.

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

Parameter Discussion

chan is the analog output channel number.
Range: O 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 VXI1-AO-48XDC.

valueisthe digital value to be written to the analog output channel. value 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

-2,048to +2,047 0to +4,095

devices

AT-MIO-16X, 16-bit M1O E Series

-32,768 to +32,767 0to +65,535
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Continued

Using This Function
AO Wit e writesvaluetothe 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 acall to AO_Updat e or the application of an external pulse.

Note: Some inaccuracy results when you use AO_ W i t e on the
VX1-AO-48XDC, because this device works with a larger analog output
resolution than can be represented by the 16-bit “value” parameter.
“Value” represents the most significant 16 bits of the DAC, in order to
minimize thisinaccuracy. Usethe AO_VW i t e function to prevent this
type of inaccuracy.
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Format

status = Calibrate 1200 (device, calOP, saveNewCal, EEPROM loc, calRefChan, grndRefChan,
DACOchan, DAC1chan, calRefValts, gain)

Purpose
The DAQCard-1200, DAQPad-1200, L ab-PC-1200, Lab-PC-1200Al, PCI-1200, and
SCX1-1200 come fully equipped with accurate factory calibration constants. However,
if you feel that the deviceis not performing either analog input or output accurately and
suspect the device calibration to bein error, you can use Cal i br at e_1200 to obtain
a user-defined set of new calibration constants.

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

Y ou can store up to six sets of user-defined calibration constants. These are stored in the
EEPROM on your device in places called user calibration areas. Refer to your hardware
user manual for more information on these calibration areas. Y ou aso can use the
calibration constants created at the factory at any time. These are stored in write
protected placesinthe EEPROM called factory calibration areas. There are two of these.
One holds constants for bipolar operation and the other for unipolar. One additional area
in the EEPROM important to calibration is called the default load table. This table
containsfour pointersto sets of calibration constants; one pointer each for ADC unipolar
constants, ADC bipolar constants, DAC unipolar and DAC bipolar. Thistableis used by
NI-DAQ for calibration constant loading.

It isalso important to understand the calibration constant loading rules. Thefirst time a
function requiring use of the ADC or DAC iscalled 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 isloaded. If your DLL is
ever unloaded and then reloaded again, the calibration constant loading is also done

again.
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Continued

Note: Calling this function on an SCXI-1200 with remote SCXI might take an
extremely long time. We strongly recommend 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.

Warning: Read the calibration chapter in your device user manual before using
? Cal i brate_1200.

Parameters
Input

Name Type Description
device i16 device number
calOP i16 operation to be performed
saveNewCal i16 save new calibration constants
EEPROMIoc i16 storage location on EEPROM
calRefChan i16 Al channel connected to the calibration voltage
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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Continued

Parameter Discussion
calOP determines the operation to be performed.

1

&

Load calibration constants from EEPROM Ioc. 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. If EEPROMIoc is any other
value you must ensure that the polarity of your device matches those of the
calibration constants.

Calibrate the ADC using DC reference voltage calRefVolts 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). Please remember that the ADC must be in referenced
single-ended mode for successful calibration of the ADC. After calibration,
the calibration constants that were obtained during the processremain in use
by the ADC until the device isinitialized again.

Calibrate the DACs. DACOchan and DAC1chan are the analog input
channelsto which DACO and DAC1 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. Please remember that the ADC
must be in referenced single-ended and bipolar mode and fully calibrated
(using calOP=2) for successful calibration of the DACs. After calibration,
the calibration constants that were obtai ned during the process remain in use
by the DACs until the deviceisinitialized again.

Reserved.

Edit the default load table so that the set of constantsin the areaidentified by
EEPROM oc (1-6, 9 or 10) become the default calibration constants for the
ADC. NI-DAQ will change either the unipolar or bipolar pointer in the
default load table depending on the polarity those constants are intended for.
The factory default for the ADC unipolar pointer is EEPROMIoc=9. The
factory default for the ADC bipolar pointer is EEPROMloc=10. Y ou can
specify any user areain EEPROM loc after you have run a calibration on the
ADC and saved the calibration constantsto that user area. Or you can specify
EEPROM Ioc=9 or 10to reset the default | oad table to the factory calibration
for unipolar and bipolar mode respectively.

Edit the default load table so that the set of constantsin the areaidentified by
EEPROM oc (1-6, 9 or 10) become the default calibration constants for the
DACs. NI-DAQ'’s behavior for calOP=6 isidentical to that for calOP=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 of calOP:

Table 2-15. Possible Calibrate_1200 Parameter Values

Q % (%]
o
8 = 8 < &8 8 5
o = S5 O 5 5 3 c
o o 5 ko) S 3 © ‘3
@ % o x o O O Iod o
ol ©
Z [ c S = T
fg w § 5 a o] o
1 ignored 0-10 ignored ignored ignored ignored ignored ignored
2 Oorl 1-6 Al chan Al chan ignored ignored thevoltage | 1,2,5, 10,
connected | connected of the 50, or 100
to voltage toground 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) 6-7)
5 ignored 1-6, ignored ignored ignored ignored ignored ignored
9-10
6 ignored 1-6, ignored ignored ignored ignored ignored ignored
9-10

saveNewCal is valid only when calOP is2 or 3.
Do not save new calibration constants. Even though they are not permanently
saved in the EEPROM, calibration constants created after a successful

calibration will remain in use by your device until your deviceisinitialized

0:

1

again.
Save new calibration constants in EEPROM loc (1-6).

EEPROM loc 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 only if calOP = 1).
User calibration area 1.
User calibration area 2.

0:
1
2
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Continued

User calibration area 3.

User calibration area 4.

User calibration area 5.

User calibration area 6.

Invalid.

Invalid.

Factory calibration area for unipolar (write protected).
Factory calibration areafor bipolar (write protected).

CQOUXNOoOARW

=

Notice that the user cannot write into EEPROM loc 9 and 10.

calRefChan isthe analog input channel connected to the calibration voltage of
calRefVolts when calOP is 2.
Range: 0 through 7.

grndRefChan is the analog input channel connected to ground when calOP is 2.
Range: 0 through 7.

DACOchan isthe analog input channel connected to DACO when calOP is 3.
Range: 0 through 7.

DAC1chan isthe analog input channel connected to DAC1 when calOP is 3.
Range: 0 through 7.

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

gain isthe device gain setting at which you want to calibrate when calOPis 2 or 3. When
you perform an analog input operation, a calibration constant for that gain must be
available. When you run the Cal i br at e_1200 function at a particular gain, the
device only can be used to collect data accurately at that gain. If you are creating a set
of calibration constants that you intend to use then you must be sure to calibrate at all
gains at which you intend to sample.

Range: 1, 2,5, 10, 50, or 100.
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Using This Function
A calibration performed in bipolar mode is not valid for unipolar and vice versa.
Cal i brate_1200 performs abipolar or unipolar calibration, or loads the bipolar or
unipolar constants (calOP=1, EEPROM oc=0), depending on the value of the polarity
parameter in the last call to Al _Conf i gur e and AO_Conf i gur e. 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 adifferent calibration constant. When you switch gains, NI-DAQ will automatically
load the calibration constant for that particular gain. If you have not calibrated for that
gain and saved the constant earlier, an incorrect value will be used.

To set up your own calibration constantsin the user area for both unipolar and bipolar
configurations:

The basic steps are to create and store both unipolar and bipolar ADC calibration
constants, and modify the default load table so that NI-DAQ will automatically load
your constants instead of the factory constants.

Step 1. Unipolar calibration—Change the polarity of your device to unipolar (by using
the Al _Conf i gur e call or use the NI-DAQ Configuration Utility in Windows). Call
Cal i brat e_1200 to perform an ADC calibration, asin the following example:

status = Calibrate_1200 (device, 2, 1, EEPROM oc, cal Ref Chan,
gr ndRef Chan, 0, 0, cal RefVolts, gain)

where you specify device, EEPROMIoc (say 1, for example), calRefChan,
grndRefChan, calRefVolts, and gain.

Next call this function again; for example:
status = Calibrate_1200 (device, 5, 0, EEPROM oc, 0, 0, 0, 0, 0, 0)

where the device and EEPROM |oc are the same as in the first function call.

NI-DAQ will automatically modify the ADC unipolar pointer in the default load table
to point to user area 1.
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Step 2. Bipolar calibration—Change the polarity of your device to bipolar. Call

Cal i brat e_1200 to perform another ADC calibration (calOP=2) with
saveNewCal=1 (save) and EEPROM loc set to a different user area (say, 2) as shown
above. Next, call the function with calOP=5 and EEPROM loc=2 as shown above.
NI-DAQ will automatically modify the ADC bipolar pointer in the default load table to
point to user area 2. At this point, you have set up user area 1 to be your default load area
when you operate the device in unipolar mode and user area 2 to be your default load
area when you operate the device in bipolar mode. The loading of the appropriate
constants will be handled automatically by NI-DAQ.

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

Note: If you are using remote SCXI, the time this function might take will
depend on the baud rate settings, where slower baud rates will cause this
function to take longer. You also might want to call Ti meout _Confi g
to set your device' s timeout limit to a longer value, if you do obtain a
timeoutError from this function.
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Format

status = Calibrate E_Series (deviceNumber, calOP, setOfCalConst, calRefVolts)

Purpose

Use this function to calibrate your E Series device and to select a set of calibration

constants to be used by NI-DAQ.

Warning: Read the calibration chapter in your device user manual before using
? Calibrate E Series.

Note: Analog output channels and the AOand WFMfunctions 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 the calOp and setOfCalConst parameters are 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—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CV1)
* BASIC programmers—NI DAQCNS. | NC
e Pascal programmers—NI DAQCNS. PAS

© National Instruments Corporation

2-59 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

Calibrate_E_Series

Continued

cal OP determines the operation to be performed.

Range:

ND_SET DEFAULT_LOAD_AREA: MakesetOfCalConst thedefault load area; do not

ND_SELF_CALI BRATE:
ND_EXTERNAL_CALI BRATE:

perform calibration.
Perform self-calibration of the device.
Perform external calibration of the device.

setOfCal Const selects the set of calibration constants to be used by NI-DAQ. These
calibration constants reside in the onboard EEPROM or are maintained by NI-DAQ.

Range:
ND_FACTORY_EEPROM AREA:

ND_NI _DAQ_SW AREA:

ND_USER_EEPROM AREA:

Factory calibration area of the EEPROM. Y ou
cannot modify this area, so you can set
setOfCalConst to
ND_FACTORY_EEPROM_AREA only when
calOP isset to
ND_SET_DEFAULT_LOAD_AREA.

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

For the user calibration area of the EEPROM. If
calOP isset to ND_SELF_CALI BRATE or
ND_EXTERNAL _CALI BRATE, the new
calibration constantswill bewritteninto thisarea,
and this area will become the new default |oad
area. Y ou can use this setting if you want to run
several NI-DAQ applications during one
measurement session conducted at same
temperature, and you do not want to recalibrate
your device in each application.

calRefVoltsisthevalue of the DC calibration voltage connected to anal og i nput channel
Owhen calOPisND_EXTERNAL CALI| BRATE. Thisparameter isignored when calOP
isND_SET_DEFAULT_LOAD_AREA or ND_SELF_CALI BRATE.
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Range:
12-bit E Series devices: +6.0 to +10.0 V
16-bit E Series devices: +6.0 to +9.999 V

Using This Function

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

Two sets of calibration constants can residein two load areasinside the EEPROM; one
set is programmed at the factory, and the other is left for the user. One load areain 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 devicein the factory. NI-DAQ automatically loads
the relevant calibration constants stored in the load areathe first timeyou call afunction
(an Al , AQ, DAQ, SCAN and WFMfunction) that requires them. NI-DAQ also
automatically reloads calibration constants whenever appropriate; see the Calibration
Constant Loading by NI-DAQ section | ater in thisfunction for details. When you call the
Cal i brate_E_Seri es function with setOfCalConst set to

ND_NI _DAQ_SW AREA, NI-DAQ usesaset of constantsit maintainsin aload areathat
does not reside inside the EEPROM.

Note: Calibration of your M1 O or Al device takes some time. Do not be alarmed
if theCal i brate_ E Seri es function takes several seconds to execute.

Note: After powering on your computer, you should wait for sometime (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 usingthe Cal i brat e_E_Seri es function.
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7

Warning: When you call theCal i brat e_E_Seri es function with calOP set to
ND_SELF_CALI BRATE or ND_EXTERNAL _CALI BRATE, NI-DAQ will
abort any ongoing operations the device is performing and set all
configurations to defaults. Therefore, we recommend that you call
Cal i brate_E_Seri es beforecalling other NI-DAQ functions or when
no other operations are going on.

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

Changing the Default Load Area

Set calOPtoND_SET_DEFAULT_LOAD_AREAIf you want to changethe areaused for
calibration constant loading. The storage location selected by setOfCalConst becomes
the new default load area.

Example:

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

Calibrate_E_Series(devi ceNumber, ND_SET_DEFAULT_LOAD_AREA,
ND_FACTORY_EEPROM AREA, 0. 0)

Performing Self-Calibration of the Board

Set calOP to ND_SELF_CALI BRATE if you want to perform self-calibration of your
device. The storage location selected by setOfCalConst becomes the new default load
area

Example:

Y ou want to perform self-calibration of your device and you want to store the new set
of calibration constantsin the user area of the EEPROM. Y ou should make thefollowing
cal:

Calibrate_E_Series(devi ceNunmber, ND_SELF_CALI BRATE,
ND_USER_EEPROM AREA, 0. 0)

The EEPROM user area will become the default load area.
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Performing External Calibration of the Board
Set calOP to ND_EXTERNAL _CALI BRATE if you want to perform external calibration
of your device. The storage location selected by setOf CalConst becomes the new
default load area.

Make the following connections before calling the Cal i br at e_E_Ser i es function:

12-bit M1O E Series Devices 16-bit M1O E Seriesand All Al E Series
1. Connect the positive output of 1. Connect the positive output of your
your reference voltage source to reference voltage source to analog input
the analog input channel 8. channel 0.
2. Connect the negative output of 2. Connect the negative output of your
your reference voltage source to reference voltage source to analog input
the AISENSE line. channel 8.
3. Connect the DACO line (analog Note: By performing these first two
output channel 0) to analog input connections, you supply thereference
channel 0. voltage to analog input channel 0,
which is configured for differential
4. If your reference voltage source operation.
and your computer are floating
with respect to each other, 3. If your reference voltage source and your
connect the AISENSE line to the computer are floating with respect to each
AIGND line aswell asto the other, connect the negative output of your
negative output of your reference reference voltage source to the AIGND line
voltage source. aswell asto analog input channel 8.

Example:

Y ou 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. Y ou should make
the following call:

Cal i brate_E_Series(devi ceNunmber, ND_EXTERNAL_CALI BRATE,

ND_NI _DAQ SW AREA, 7.0500)

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

© National Instruments Corporation 2-63 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

Calibrate_E_Series

Continued

Calibration Constant Loading by NI-DAQ
NI-DAQ automatically loads calibration constants into calDACs whenever you call
functions that depend on them (Al , AO, DAQ, SCAN, and WFMfunctions). The following
conditions apply:

12-bit E Series Devices

16-bit E Series Devices

The same set of constantsis
correct for both polarities of
analog input.

One set of constantsisvalid for
unipolar, and another set isvalid
for bipolar configuration of the
analog output channels. When
you change the polarity of an
analog output channel, NI-DAQ
reloads the calibration constants
for that channel.

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

Analog output channels on the
AT-MIO-16XE-50 can only be configured
for bipolar operation. Therefore, NI-DAQ
alwaysusesthe same constantsfor the anal og
output channels.
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Format

status = Config_Alarm_Deadband (deviceNumber, mode, chanStr, trigL evel, deadbandWidth,
handle, alarmOnM essage, alar mOffM essage,
callbackAddr)

Purpose

NotifiesNI-DAQ applications when anal og input signals meet the alarm-on or alarm-off
condition you specified. Also, NI-DAQ will send your application a message or will
execute 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
trigL evel f64 trigger level in volts
deadbandWidth f64 the width of the alarm deadband in volts
handle i16 handle
alarmOnM essage i16 user-defined alarm-on message
alarmOffM essage i16 user-defined alarm-off message
callbackAddr u32 user callback function address

Parameter Discussion
mode indicates 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 alow alarm deadband event.
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2: Remove a high alarm deadband event.
3 Remove alow alarm deadband event.

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

The channel string has one of the following formats:
Xn

SCn! MDn! CHn

AWn! n

where
x: Al for analog input channel.
n: Analog channel, digital port, SCXI chassis, SCX| module number, 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.
1. Delimiter.

For example, the foll owing string specifies onboard anal og input channel 5 asthe trigger
channel:

Al 5

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

SC4! MD2! CHL

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

AML! 34

Y ou 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:

Al 2, Al 4, Al 6, Al 8
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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:

Al 2:8

trigL evel isthe alarm limit in volts. trigL evel and deadbandWidth 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.

alarmOnM essage and alar mOffM essage are messages you define. When the alarm-on
condition occurs, NI-DAQ passes alar mOnM essage back to you. Similarly, when the
alarm-off condition occurs, NI-DAQ passes alar mOffM essage back to you. The
messages can be any value.

In Windows, you can set the message to a value including any Windows predefined
messages such as WM_PAI NT. However, if you want to define your own message, you
can use any value ranging from W/ _USER(0x400) to Ox7fff. Thisrange is reserved by
Microsoft for messages you define.

callbackAddr isthe address of the user callback function. NI-DAQ calls this function
when DAQEvent occurs. See Conf i g_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 above
(trigL evel + deadbandWidth/2) volts. On the other hand, to meet the high alarm-off
condition, the input signal must first go above (trigL evel + deadbandWidth/2) volts
and then go below (trigL evel - deadbandWidth/2) volts. See Figure 2-1 for an
illustration of the high alarm condition.
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A

On: high alarm on
Off: high alarm off

trigLevel +
deadbandWidth/2

trigLevel

trigLevel -
deadbandWidth/2

P 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 (trigL evel + deadbandWidth/2) and then go below

(trigL evel - deadbandWidth/2). On the other hand, to meet the low alarm-off
condition, theinput signal must first go below (trigL evel - deadbandWidth/2) and then
go above (trigL evel + deadbandWidth/2). See Figure 2-2 for an illustration of the low
alarm condition.
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A

On: low alarm on
Off: low alarm off

-

trigLevel +
deadbandWidth/2

trigLevel

trigLevel -
deadbandWidth/2

Figure 2-2. Low Alarm Deadband

Confi g_Al ar m Deadband is ahigh-level function for NI-DAQ event messaging.
Because this function uses the current inputRange and polarity settings to translate
triglevel and deadbandWidth from volts to binary, you should not call

Al _Conf i gur e and change these settings after you have called

Confi g_Al ar m Deadband. For moreinformation on NI-DAQ event messaging, see
the low-level function Conf i g_ DAQ Event _Message. When you are using this
function, the analog input data acquisition must be run with interrupts only
(programmed I/O mode). Y ou cannot use DMA. See Set _DAQ Devi ce_I nf o for
how to change modes.

© National Instruments Corporation 2-69 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

Config_ATrig_Event_Message

Format

status= Config_ATrig_Event_ M essage (deviceNumber, mode, chanStr, trigL evel, windowSize,
trigSlope, trigSkipCount, pretrigScans,
postTrigScans, handle, message, callbackAddr)

Purpose

Notifies NI-DAQ applicationswhen the trigger channel signal meets certain criteriayou
specify. NI-DAQ will send your application a message or will execute 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
trigL evel f64 trigger level in volts
windowSize f64 hysteresis window size in volts
trigger Slope i16 trigger slope
trigSkipCount u32 number of triggers
preTrigScans u32 number of scansto 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
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Parameter Discussion

mode indicates 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 anew analog trigger event.

chanStr is astring description of the trigger analog channel or digital port.

The channel string has one of the following formats:;
Xn

SCn! MDn! CHn

AMVnh! n

where
x: Al for analog input channel.
n: Anaog channel, digital port, SCXI chassis, SCX| module number, 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.
1. Delimiter.

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

Al 5

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

SC4! MD2! CHL

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

AML! 34
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Y ou 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:

Al 2, Al 4, Al 6, Al 8

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:

Al 2:8

trigL evel isthe alarm limit in volts. trigL evel and windowSize determine the trigger
condition.

windowSize is the number of volts below trigL evel 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 example, if trigSkipCount is 3, you will be notified
when the fourth trigger occurs.

preTrigScansisthe number of scans of dataNI-DAQ will collect before looking for the
very first trigger. Setting preTrigScansto O will cause NI-DAQ to look for the first
trigger as soon as the DAQ process begins.

postTrigScans is the number of scans of data NI-DAQ will collect after the
trigSkipCount triggers before notifying you.

handle is the handle to the window you want to receive a Windows message in when
DAQEvent happens.

message is a message you define. When DAQEvent happens, NI-DAQ passes message
back to you. message can be any value.
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In Windows, you can set message to a value including any Windows predefined
messages (such as\VWM_PAI NT) . However, if you want to define your own message, you
can use any value ranging from W/ _USER(0x400) to Ox7fff. Thisrange is reserved by
Microsoft for messages you define.

callbackAddr isthe address of the user callback function. NI-DAQ calls this function
when DAQEvent occurs. See Conf i g_DAQ Event Message for restrictions on
this parameter.

Using This Function
To meet the positive trigger condition, the input signal must first go below
(trigLevel - windowSize) and then go above trigL evel. On the other hand, to meet the
negative trigger condition, the input signal must first go above
(trigLevel + windowSize) and then go below trigL evel. Figure 2-3 shows these
conditions.

A

P: positive trigger point
N: negative trigger point

trigLevel
+windowSize [~

trigLevel

trigLevel
- windowsSize

—

Figure 2-3. Analog Trigger Event
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Config_ATri g _Event Message isahigh-level function for NI-DAQ event
messaging. Because this function uses the current inputRange and polarity settingsto
translate trigL evel and windowSize into binary units, you should not call

Al _Conf i gur e and change these settings after you have called

Config_ATri g _Event Message. For more information on NI-DAQ event
messaging, see the low-level function Confi g_DAQ Event Message. When you
are using this function, the anal og input data acquisition must be run with just interrupts
(programmed I/O mode). Y ou cannot use DMA. See Set _DAQ Devi ce_I nf o for
how to change modes.

NI-DAQ FRM for PC Compatibles 2-74 © National Instruments Corporation



Chapter 2 Function Reference

Config_DAQ_Event_Message

Format

status = Config_ DAQ_Event_M essage (deviceNumber, mode, chanStr, DAQEvent,
DAQTrigvalo, DAQTrigVall, trigSkipCount,
preTrigScans, postTrigScans, handle, message,
callbackAddr)

Purpose

Notifies NI-DAQ applications when the status of an asynchronous DAQ operation
(initiated by acall to DAQ Start, Dl G Bl ock_Qut , WM _Gr oup_Contr ol , and
SO 0n) meets certain criteria you specify. Notification is done through the Windows
PostM essage API and/or a callback function.

If your NI-DAQ application does not require high-speed data transfer, you can select
more DAQEvent options from the NI-DAQ event messaging system. DAQEvents

3 through 8 are designed for interrupt-driven data acquisition. Keep in mind, however,
that you cannot use DMA for these event types. NI-DAQ evaluates DAQEvent on every
data point during an asynchronous DA Q 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 132 general-purpose trigger value
DAQTrigvall 132 general-purpose trigger value
trigSkipCount u32 number of triggersto skip
preTrigScans u32 number of scans before trigger event
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Name Type Description
postTrigScans u32 number of scans after trigger event
handle i16 handle
message i16 user-defined message
callbackAddr u32 user callback function address

Parameter Discussion

mode indicates 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
with Confi g_Al ar m Deadband and
Confi g_ATri g _Event Message.

1: Add a new message.

2: Remove an existing message.

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

The channel string has one of the following formats:;

Xn

SCn! MDn! CHn
AWn! n

where

X:

288

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.
Analog channel, digital port, counter, SCXI chassis, SCX| module number, or
AMUX-64T device number
Keyword stands for SCXI chassis.
Keyword stands for SCXI module.
Keyword stands for SCXI channel.
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AM  Keyword stands for AMUX-64T device.
1. Delimiter.

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

Al 5

When using messaging with an SCX| 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 1in SCXI module 2 of SCXI chassis 4 as
the trigger channel:

SC4! MD2! CHL

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

AML! 34
Y ou can specify only one AMUX channel in the chanStr parameter.

Y ou 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:

Al 2, Al 4, Al 6, Al 8

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:

Al 2:8

DAQEvent indicates the event criteriafor user notification. The following table
describes the different types of messages availablein NI-DAQ. A scan is defined as one
pass through all the analog input or output channels or digital portsthat are part of your
asynchronous DAQ operation.

Note: DAQEvent=7 and 8 are not available when using an SCXI-1200 with
remote SCXI.

If you areusing a DAQ devicein aremote SCXI configuration for digital
I/0O operations, DAQ events are not supported.
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Table 2-16. DAQ Event Messages
DAQEvent Type Code Description of M essage Usable devices
<IRQ-based operation>
Acquire or generate 0 Send exactly one message MIO devices <Al, AO>
N scans when an asynchronous .
operation has completed Al devices <Al>
DAQTrigValO scans. Lab and 1200 series devices
<Al, AO, DIO>
AT-AO-6/10 <AO>
516 and LPM devices,
DAQCard-500/700
AT-DIO-32F <DIO>
PC-DIO-24/PnP,
DAQCard-DIO-24,
PC-DIO-96/PnP, PCI-DIO-96
Every N scans 1 Sendamessageeachtimean | MIO devices <Al, AO>

asynchronous operation
completes a multiple of
DAQTrigvalO scans.
chanStr indicates the type
of channdl or port, but the
actual channel or port
number isignored.

Al devices <Al>

Lab and 1200 series devices
<Al, AO, DIO>

AT-AO-6/10 <AO>

516 and LPM devices,
DAQCard-500/700

AT-DIO-32F <AO, DIO>

PC-DIO-24/PnP,
PC-DI0O-96/PnP, PCI-DIO-96
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data point from any channel
in chanStr is outside of the
voltage region bounded by
DAQTrigval0 and
DAQTrigVall, where
DAQTrigval0=
DAQTrigvall.

Continued
Table 2-16. DAQ Event Messages (Continued)
DAQEvent Type Code | Description of Message Usable devices
<IRQ-based operation>
Completed operation 2 Send exactly one message MIO devices<Al, AO>
or stopped by error when an asynchronous .
operation completesor is Al devices <Al>
stopped for an error. Lab and 1200 series devices
chanStr indicates the type <Al, AO, DIO>
of channdl or port, but the
actual channel or port AT-AO-6/10 <AC>
number is ignored. 516 and LPM devices,
DAQCard-500/700
AT-DIO-32F <AO, DIO>
PC-DIO-24/PnP,
DAQCard-DIO-24,
PC-DIO-96/PnP, PCI-DIO-96
Voltage out of bounds | 3 Send amessageeachtimea | MIO and Al devices <Al>

Lab and 1200 series devices
<Al>

516 and LPM devices,
DAQCard-500/700

V oltage within bounds

Send amessage each time a
data point from any channel
in chanStr isinside of the
voltage region bounded by
DAQTrigvalOand
DAQTrigVvall, where
DAQTrigval0=
DAQTrigvall.

MIO and Al devices <Al>

Lab and 1200 series devices
<Al>

516 and LPM devices,
DAQCard-500/700

© National Instruments Corporation

2-79

NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

Config_DAQ_Event_Message

Continued

Table 2-16. DAQ Event Messages (Continued)

DAQEvent Type Code | Description of Message Usable devices
<IRQ-based operation>

Analog positivedlope | 5 Send amessagewhendata | MIO and Al devices <Al>
triggering fromany channel inchanStr

positively triggers on the Lab and 1200 series devices

hysteresis window specified <Al>
by DAQTrigVal0 and 516 and LPM devices,
DAQTrigvall, where DAQCard-500/700

DAQTrigval0=
DAQTrigvall. To
positively trigger, data must
first go below
DAQTrigVall and above
DAQTrigValo.

Analog negativeslope | 6 Send a message when data MIO and Al devices <Al>
triggering fromany channel inchanStr

negatively triggers on the Lab and 1200 series devices
hysteresiswindow specified | <A1~

by DAQTrigvalOand 516 and LPM devices,
DAQTrigVall, where DAQCard-500/700

DAQTrigval0=
DAQTrigvall. To
negatively trigger, datamust
first go above
DAQTrigVal0 and below
DAQTrigvall.
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pulse occursin atiming
signal. Y ou can configure
only onesuch event message
at atime on adevice, except
on the PC-T10-10, which
can have two. (Refer to
Note)

Continued
Table 2-16. DAQ Event Messages (Continued)
DAQEvent Type Code | Description of Message Usable devices
<IRQ-based operation>
Digital pattern not 7 Send amessagewhen data | Lab and 1200 series devices
matched from any digital port in (except an SCX1-1200 with
chanStr causesthis Remote SCX1) <DIO>
statement to be true: PC-DIO-24/PrP
data AND DAQTrigValo g !
NOT EQUAL DAQCard-DIO-24,
DAQTrigVall. Only the PC-DI0-96/PnP, PCI-DIO-96
lower word isrelevant. AT-MIO-16D,
AT-MIO-16DE-10 <DIO>
Digital pattern 8 Send amessagewhen data | Lab and 1200 series devices
matched from any digital port in (except an SCX1-1200 with
chanStr causesthis Remote SCX1) <DIO>
statement to be true: PC-DIO-24/PrP
data AND DAQTrigValo g !
, DAQCard-DIO-24,
EQUAL DAQTTIGVaIL | o 5/ 5 og/Pnp, PCI-DIO-96
Only the lower word is i St
relevant AT-MI0O-16D,
AT-MIO-16DE-10 <DIO>
Counter pulse event 9 Send amessage eachtimea | Am9513-based devices

PC-TIO-10

DAQEvent=3 through 8—These DAQEvents are for interrupt-driven data acquisition
only. See Set _DAQ Devi ce_I nf o for switching between interrupt-driven and
DMA-driven data acquisition.
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If you are using a Lab or 1200 Series device in pretrigger mode, NI-DAQ will 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 amessage when atransition (low to high or high to low)
appears on a counter output or external timing signal 1/0 pin. Table 2-17 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 1/0
connector or with the two jumpers on the device. The jumpers connect the OUT2 and
OUTY7 pins with the EXTIRQ1 and EXTIRQ?2 pins, respectively. NI-DAQ returns an
error if you specify a counter that isin use. Y ou should use EXT1 for the chanStr
parameter regardless of which EXTIRQ pinyou are using. The PC-TI10-10 can have two
of these event messages configured at the same time, therefore you must specify which
pin you want to use on the PC-TI10-10 with the DAQTrigVal0 parameter.

Table 2-17. Valid Gounters and External Timing Signals for DAQEvent = 9

Data Acquisition Device 1/0 Pin /0 Pin State Change
AT-MIO-16 ouT2 low to high
AT-MIO-16D ouT2 low to high
AT-MIO-16F-5 OUT1, OUT2, OUTS, or high to low

EXTDACUPDATE*
AT-MIO-16X OUT1, OUT2, OUTS5, or high to low

EXTTMRTRIG*

AT-MIO-64F-5 OUT1, OUT2, OUTS5, or high to low
EXTTMRTRIG*

PC-TIO-10 EXTIRQ1 or EXTIRQ2 high to low

To use DAQEvent = 9, you must configure the device for interrupt-driven waveform
generation. This DAQEvent works by using the waveform generation timing system.
Thus, you cannot use waveform generation or single point analog output with delayed
update mode and this DAQEvent at the same time on the same device. Also,
DAQEvent = 9isnot valid for the E Series devices.
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trigSkipCount isthe number of valid triggers NI-DAQ ignores. It can be any value
greater than or equal to zero. For example, if trigSkipCount is 3, NI-DAQ will notify
you when the fourth trigger occurs.

preTrigScansisthe number of scans of dataNI-DAQ will collect before looking for the
very first trigger. Setting preTrigScansto O will cause NI-DAQ to look for the first
trigger as soon as the DAQ process begins.

postTrigScansisthe number of scans of data NI-DAQ will collect after the
trigSkipCount triggers before notifying you. Setting postTrigScansto 0 will cause
event notification to happen as soon as the trigger occurs.

Refer to the following table for further details on usable parametersfor each DAQEvent
type.
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Table 2-18. Usable Parameters for Different DAQ Events Codes
Parameter DAQEvent
0 1 2 3 4 5 6 7 8 9
chanStr (wheren | Aln, DIn, Aln, DIn, Aln, AOn, Aln, SCn!..., Aln, SCn!..., Aln, SCn!..., Aln, SCn!..., Din, DOn DIn, DOn CTRn, EXT1
and mare DOn, SCn!..., | DOn,SCn!...,| DIn, DOn, AMnIm AMnIm AMnIm AMnIm
numbers) AMnImAOn | AMn!m, SCnt...,
AOn AMnim
DAQTrigvalo no. of scans, no. of scans, | ignored upper bound upper bound upper boundfor | upperboundfor | digital digital EXTIRQ no.
must be must be for analog for analog hysteresis hysteresis pattern pattern (1or2)if
greater than O | greater thanO 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 than | be greater than | be greater than | be greater than PC-TI0-10,
or equal to or equal to or equal to or equal to otherwise
DAQTrigvall| DAQTrigvall| DAQTrigvall | DAQTrigVall ignored
DAQTrigVall ignored ignored ignored lower bound lower bound lower boundfor | lowerboundfor | 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
conditionismet| conditionismet
postTrigScans ignored ignored ignored ignored ignored no. of scans no. of scans ignored ignored ignored
after trigger after trigger
conditionismet | conditionismet
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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 acquisition, DAQTrigValO must be an even
divisor of the size of the buffer in scans.

For DAQEvent =1 on an analog output channel, DAQT rigVal0 must be an even divisor
of the size of the buffer or a multiple of it.

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

message is a message you define. When DAQEvent happens, NI-DAQ passes message
back to you. message can be any value.

callbackAddr isthe address of the user callback function. NI-DAQ calls this function
when DAQEvent occurs. If you do not want to use a callback function, set
callbackAddr to O.

Using This Function
This function is designed to notify your application when DAQEvent occurs. Using
DAQEvents eliminates continuous polling of data acquisition processes through
NI-DAQ functions.

For example, if you have a double-buffered DAQ application, instead of calling
DAQ DB Hal f Ready continuously, you can call Confi g DAQ Event Message
and set DAQEvent to 1 and DAQTrigValO to be one-half your buffer size in units of
scans. Then, NI-DAQ will notify your application when it is time to call

DAQ DB Tr ansf er . The same concept appliesto digital input/output block functions.

To defineamessage, call Confi g _DAQ Event Message before starting your DAQ
process. Y ou can associate more than one message to the same device by calling
Confi g_DAQ Event Message as many times as you need to. For example,
NI-DAQ can notify you when dataisin an invalid/alarm region (DAQEvent

3 through 6) or when NI-DAQ collects DAQTrigValO scans of data (DAQEvent 0).

After you define a message, it remains active until you call 1 ni t _DA Brds or
Confi g_DAQ Event _Message toremovemessages. To remove aspecific message,
call Confi g_DAQ Event Message with mode set to 2. When removing a specific
message, make sure to provide all the information defining the message, such as
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Continued

chanStr (SCXlchassisl D, moduleSlot, chanType, chan), DAQEvent, DAQTrigValO,
DAQTrigVall, trigSkipCount, preTrigScans, postTrigScans, handle, message, and
callbackAddr.

To remove all messages associated with the device, call
Confi g_DAQ Event _Message with mode set to zero and with all other arguments
except deviceNumber set to zero.

Event notification is done through the Windows API function PostM essage and/or a
callback function that you define.

When any trigger event happens, NI-DAQ calls PostM essage as follows:

i nt Post Message (HWND handl e, Ul NT nessage, WPARAM wPar am
LPARAM | Par am

handle and message are the same handle and message as previously defined. The lower
byte of wParam is the device and the second least significant byte of wParam isa
boolean flag, doneFlag, 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 which DAQEvent occurred.

The following is an example W ndowPr oc routine, written in C:

LRESULT CALLBACK W ndowPr oc( HAND hwhd, Ul NT uMsgl d, WPARAM wPar am LPARAM
| Par am

{

static unsigned | ong int uN DAQevent Count = O;
short DAQevent Devi ce;
short doneFl ag;
| ong scansDone;
switch (uMsgld)
{
case WM _PAI NT:
/1..handl e this message. ..
break;
case WM DESTROY:
/l..handl e this message. ..
br eak;
case WM _NI DAQ_MsSG
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//**************************************

// put your NI -DAQ Message handling here!

//**************************************

/1l increnment static counter

uNl DAQevent Count ++;

DAQevent Devi ce = (wParam & 0x00FF) ;
doneFl ag = (wParam & OxFF00) >> 8;

scansDone = | Param
/l..handl e this nmessage. ..
return O;
br eak;

defaul t:

/'l handl e ot her usual messages...
return Def WndowProc (hwWhd, uMsgld, wParam | Paran;

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. No special precautions or prototypes are required.

If you choose to use a callback function in a Windows 3.x application, it must have the
following prototype:

voi d FAR PASCAL _| oadds Cal | back( HWND handl e, Ul NT nmessage, WPARAM
wPar am LPARAM | Par am

The parameters are the same as those for the call to Post Message in the preceding
paragraph.

Y ou need to pay special attention when writing a callback function for Windows 3.x, as
it iscalled during interrupt time.
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If you are writing a Windows 3.x interrupt callback function,
e Putyour callback inaDLL.

* Add your callback function in the EXPORTS statement in your module definition
file.

« Mark the callback function’s code segment as FI XEDin the CODE statement of your
modul e-definition file.

 Mark all the global datato be accessed by the callback function as FI XED in the
DATA statement of your module-definition file.

In the callback functions, do not make calls to functions that are not re-entrant. Most
Windows API functions are not re-entrant and do not work properly in callback
functions.

Thefollowing information is an excerpt from the Microsoft Developer Network Library
CD. Your ISR calls only the following Windows API functions at interrupt time:

e Post Message
* Post AppMessage

and only the following multimedia system functions:
e tinmeGetSysteniline

e timeCetTine

* timeSet Event

e timeKillEvent

e mdi Qut Short Msg

e« mdi Qut LongMsg

e Cut put DebugsSt r (thisfunction exists only in the debugging version of the
MMSY STEM library; thisis not the same function as Qut put DebugSt ri ng)

Because the callback function is called at actual hardware interrupt time, the time it
takesto respond to the triggered DAQ Event will most likely be shorter than polling for
messages with the Windows API function Get Message.
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Format

status = Configure HW_Analog_Trigger (deviceNumber, onOr Off, lowValue, highValue,
mode, trigSour ce)

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 through the
Sel ect _Si gnal function by selecting source = ND_PFI _0).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
onOr Off u32 turns the anal og trigger on or off
lowValue i32 specifies the low level used for analog triggering
highValue 32 specifiesthe high level used for anal og triggering
mode u32 the way the triggers are generated
trigSour ce u32 the source of the signal used for triggering

Parameter Discussion
Legal ranges for the onOr Off, mode, and trigSour ce parameters are given in terms of
constantsthat are defined in aheader file. The header file you should use depends on the
language you are using:
»  C programmers—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CV1)
* BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers

should refer to the Programming Language Considerations section in Chapter 1 for
more information.)

e Pascal programmers—NI DAQCNS. PAS
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Use onOr Off to inform NI-DAQ whether you want to turn the analog trigger on or off.
Legal values for this parameter are ND_ON and ND_OFF.

Use lowValue and highValue to specify the levels you want to use for triggering. The
legal range for the two valuesis 0 to 255 (04,095 for 16-bit boards). In addition,
lowValue must be less than highValue. The voltage levels corresponding to lowValue
and highValue are as follows:

When trigSource = ND_PFI _0, 0 correspondsto -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 can use ND_PFI _0
as the analog signal you are triggering off of at the same time you designate
ND_PFI _0 asasourcefor aSel ect _Si gnal signal.

WhentrigSource=ND_THE_AI _CHANNEL and the channel isin bipolar mode, 0
correspondsto -5V, 255 corresponds to +5 V; values between 0 and 255 are evenly
distributed between -5V and +5 V. (For the 16-bit boards: O correspondsto -10 V,
4,095 corresponds to +10 V, and val ues between 0 and 4,095 are evenly distributed
between -10 V and +10 V.) When trigSource = ND_THE_Al _ CHANNEL and the

channel isin unipolar mode, 0 correspondsto 0V, 255 (4,095 for the 16-bit boards)
corresponds to +10 V; values between 0 and 255 (4,095 for the 16-bit boards) are

evenly distributed between 0V and +10 V.

The end of this section contains an example calculation for lowValue.

Use the mode parameter to tell NI-DAQ how you want analog triggers to be converted
into digital triggers that the onboard hardware can use for timing.
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The following paragraphs and figures show all of the available modes and illustrations
of corresponding trigger generation scenarios. Values specified by highValue and
lowValue are represented using dashed lines, and the signal used for triggering is
represented using a solid line.

ND_BELOW LOW LEVEL—The trigger is generated when the signal value isless
than the lowValue. highValue is unused.

lowValue

Trigger _|_|—l_|_

Figure 2-4. ND_BELOW_LOW_LEVEL

ND_ABOVE_HI GH_LEVEL—The trigger is generated when the signal valueis
greater than the highValue. lowValue is unused.

highValue

Trigger

Figure 2-5. ND_ABOVE_HIGH_LEVEL
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ND_I NSI DE_REG ON—Thetrigger is generated when the signal valueis between
the lowValue and the highValue.

highValue _ _

lowValue

Trigger

Figure 2-6. ND_INSIDE_REGION

ND_HI GH_HYSTERESI S—The trigger is generated when the signal value is
greater than the highVValue, with hysteresis specified by lowValue.

highvValue - -- -/ N--f - Ao g -

lowValue --c-ccrocaaaanon--

Trigger _I |—,7

Figure 2-7. ND_HIGH_HYSTERESIS
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e ND_LOW HYSTERESI S—Thetrigger is generated when the signal valueis less
than the lowValue, with hysteresis specified by highValue.

highValue ___1_______-__-/ - "--

1 I

I I

I I

lowValue __. e m o r
I I

I I

1

Trigger __| L] ||

Figure 2-8. ND_LOW_HYSTERESIS

Use the trigSour ce parameter to specify the source of the trigger you want to use. The
legal values are ND_PFI _0 and ND_THE_AI _ CHANNEL.

SettrigSourceto ND_PFI _ 0 if you want the trigger to come from the PFIO/TRIG1 pin.
Y ou need to connect the analog signal you want to use for triggering to the PFIO/TRIG1
pin. If you want 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.

Y ou should select ND_THE_Al _ CHANNEL for trigSour ce only if you want to generate
triggers based on alow-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 set trigSourceto ND_THE_Al _ CHANNEL, you 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. Y ou can use this source selection under
the following conditions:

* You want to perform data acquisition from a single analog input channel (the DAQ
family of functions). Y ou only can use the channel you are acquiring from for
analog triggering.
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e You want to perform data acquisition from more than one analog input channel (a
combination of the DAQ and SCAN families of functions). The only analog input
channel you can use asthe start trigger isthefirst channel from your list of channels.
Y ou cannot use this form of the analog trigger for the stop trigger in case of
pretriggered data acquisition.

* You do not want to perform any analog input operations (the Al , DAQ, and SCAN
families of functions). Y ou must use Al _Set up to select the analog input channel
you want to use and the gain of the instrumentation amplifier. Y ou also can use
Al _Conf i gur e to alter the configuration of the analog input channel.

* YouwanttouseAl _Check, and you want to use the analog trigger for conversion
timing. Y ou do not have to perform any special steps.

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

Using This Function

When you use this function, you activate the onboard analog triggering hardware. This
onboard hardware generates adigital trigger that the DAQ-STC then usesfor timing and
control. To use the analog trigger, you need to use this function and the

Sel ect _Si gnal function. If you want to use analog triggering, use as much
hysteresis as your application allows because the circuitry used for this purposeis very
noise-sensitive.

When you use Sel ect _Si gnal , set sourceto ND_PFI _0 for your signal, and set
polarity as appropriate. Notice that the two polarity selections give you timing control
in addition to the five triggering modes listed here.

For example, if you set sourceto ND_THE_AI _CHANNEL, the channel you are
interested in isin 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_ON, 218, 243, mode,
ND_THE_ Al _CHANNEL)
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Status = Select_Signal (deviceNumber, ND_| N_START_TRI GGER, ND_PFI _0,
ND_LOW TO_HI GH)

16-bit boards:

status = Configure HW_Analog_Trigger (deviceNumber, ND_ON, 2764, 2969, mode,
ND_THE_ Al _CHANNEL)

status=Sel ect _Si gnal (deviceNumber, ND I N START_TRI GGER, ND_PFI _0,
ND_LOW TO HI GH)

To calculate lowValue in the previous example, do the following:

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

2. Usethefollowing formulato map the 3.5V from the -5V to +5 V scaleto avalue
on the 0 to 255 (04,095 for the 16-bit boards) scale:

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

Usethefollowing formulato map the 3.5V fromthe-10V to +10V scaleto avalue
on the 0 to 4,095 scale:

value = (3.5/10 +1) * 2,048 = 2,764 (for the O to 4,095 case)

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

e For an analog input channel in the unipolar mode:
12-bit boards:value = (voltage/10) * 256
16-bit boards:value = (voltage/10) * 4096

*  For the PFIO/TRIG1 pin:
12-bit boards.value = (voltage/10 + 1)* 128
16-bit boards.value = (voltage/10 + 1) * 2048

If you apply any of the formulas and get avalue equal to 256, use the value 255 instead;
if you get 4,096 with the 16-bit boards, use 4,095 instead.
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Y ou can use the fol lowing programming sequence to set up an acquisition to be triggered
using the hardware analog trigger, where the trigger source is the PFIO/TRIGL1 pin:

status = Configure HW_Analog_Trigger (deviceNumber, ND_ON, lowValue,
highValue, mode, ND_PFI _0)

status = Select_Signal (deviceNumber, ND_| N_START_TRI GGER, ND_PFI _0,
ND _LOW TO HI GH)
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Format
status= CTR_Config (deviceNumber, ctr, edgeM ode, gateM ode, 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
edgeM ode i16 count rising or falling edges
gateM ode i16 gating mode to be used
outType i16 type of output generated
outPolarity i16 output polarity

Parameter Discussion

ctr isthe counter number.
Range: 1, 2, or 5 for an M10O device except the E Series devices.
1 through 10 for a PC-T10-10.

edgeM ode indicates which edge of the input signal that the counter should count.
edgeM ode must be either O or 1.

0: counter counts rising edges.

1 counter counts falling edges.

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

0: No gating used.

1 High-level gating of counter ctr used.
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Low-level gating of counter ctr used.

Edge-triggered gating used—rising edge of counter ctr.
Edge-triggered gating used—falling edge of counter ctr.
Active high on terminal count of next lower-order counter.
Active high on gate of next higher-order counter.

Active high on gate of next lower-order counter.

Special gating.

outType selects which type of output isto 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 type, outPolarity = 0 meansthat NI-DAQ generates active
logic-high terminal count pulses. outPolarity = 1 means that NI-DAQ generates active
logic-low terminal count pulses. Similarly, if you select TC toggled output type, then
outPolarity = 0 means the OUT signal toggles from low to high on the first TC.
outPolarity = 1 means the OUT signal toggles from high to low on the first TC.

CTR_Conf i g savesthe parametersin 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 use CTR_Conf i g to take
advantage of the many counter modes.

The default settings for the counter configuration modes are as follows:
edgeM ode = 0: Counter counts rising edges.

gateM ode = 0: No gating used.

outType = 0: TC toggled output type used.

outPolarity = 0: Positive logic output used.

If you want to change the counter configuration from this default setting, you must call
CTR_Conf i g and indicate which configuration you want before initiating any other
counter operation.
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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 change the gatemode to 1 (high-level
gating), and then call the waveform generation functions. The waveform generation is
delayed until ahigh-level signal appears on the gate pin on the 1/0O connector. Notice
that thisisreally not atrigger signal but is a gating signal, as the waveform generation
pauses if the gate goes low at any time. Due to limitations of the Am9513 counter/timer
chip, it isnot possible to use gateM odes 3 and 4. Y ou are responsible for producing a
signal that stays high for the duration of the waveform generation operation.
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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 116 assigned by configuration utility
ctr i16 counter number
timebase i16 timebase value
cont 116 whether counting continues

Parameter Discussion
ctr isthe counter number.

Range:

1, 2, or 5 for an M1O device except the E Series devices.
1 through 10 for a PC-T10-10.

timebase selects the timebase, or resolution, to be used by the counter. timebase hasthe

-1:

following possible values:

Internal 5 MHz clock used as timebase (200 nsresolution) (AT-MIO-16F-5,
AT-MI0O-64F-5, AT-MI0-16X, and PC-T10-10 only).

TC signal of ctr-1 used as timebase.

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

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

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

Internal 1 kHz clock used as timebase (1 ms resol ution).

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

SOURCEL1 used astimebaseif 1 < ctr <5 or SOURCE 6 used as timebase if
6 < ctr < 10.

SOURCE?2 used astimebaseif 1 < ctr <5 or SOURCE 7 used as timebase if
6 < ctr < 10.
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8: SOURCE3 used astimebase if 1 < ctr <5 or SOURCE 8 used as timebase if

6 < ctr < 10.
9: SOURCEA4 used astimebase if 1 < ctr <5 or SOURCE 9 used as timebase if

6 < ctr < 10.

10: SOURCES used astimebase if 1 < ctr <5 or SOURCE 10 used as timebase
if 6<ctr <10.

11: GATE 1 used astimebase if 1 < ctr <5 or GATES6 used as timebase if
6 < ctr < 10.

12: GATE 2 used astimebase if 1 < ctr <5 or GATE7 used as timebase if
6 < ctr < 10.

13: GATE 3 used astimebase if 1 < ctr <5 or GATES used as timebase if
6 < ctr < 10.

14: GATE 4 used astimebase if 1 < ctr <5 or GATE9 used as timebase if
6 < ctr < 10.

15: GATE 5 used astimebase if 1 < ctr <5 or GATEL0 used as timebase if
6 < ctr < 10.

Set timebase to zero if you plan to concatenate counters. Set timebase to 1 through 5
for the counter to count one of the five available internal signals. Set timebase to 6
through 15 (except 10 for the PC-T10-10) if you plan to provide an external signal to a
counter. This external signal is then the signal NI-DAQ will count for event counting.

cont indicates whether counting continues after the counter reaches 65,535 and rolls
over to zero. cont can be either zero or 1. If cont = 0, event counting stops when the
counter reaches 65,535 and rolls over, in which case an overflow condition is registered.
If cont = 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 the CTR_Conf i g call.

Note: Edge gating mode does not operate properly during event counting if
cont = 1. If cont = 1, use level gating modes or no-gating mode.

Applications for CTR_EvCount are discussed in Event-Counting Applicationsin
Chapter 3, Software Overview, of the NI-DAQ User Manual for PC Compatibles.
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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 116 assigned by configuration utility
ctr i16 counter number
Output
Name Type Description
overflow i16 overflow state of the counter
count ul6 current total of the specified counter

Parameter Discussion
ctr is the counter number.

Range: 1, 2, or 5 for an M10O device except the E Series devices.
1 through 10 for a PC-T10-10.

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 count. If overflow = 0, no overflow has
occurred. If overflow = 1, an overflow occurred. See the Special Considerations for
Overflow Detection section later in this function.
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count returns the current total of the specified counter. count 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—overflow and count are pass-by-reference parameters.

Using This Function

CTR_EvRead reads the current value of the counter without disturbing the counting
process and returnsthe valuein count. CTR_EvRead also performs overflow detection
and returns the overflow statusin overflow. Overflow detection and the significance of
count 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 overflow (cont = 0inthe CTR_EvCount call). If these
conditions are not met, the value of overflow 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 by CTR_EvRead for the
lower-order counters, then represents the module 65,536 event count. See
Event-Counting Applications in Chapter 3, Software Overview, in the

NI-DAQ User Manual for PC Compatibles for 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 116 assigned by configuration utility
FOUT _port i16 frequency output port
mode i16 enable or disable the programmable frequency
output
timebase 116 timebase value
division i16 divide-down factor for generating the clock

Parameter Discussion
FOUT _port isthe frequency output port to be programmed.
1 For FOUT1 on the PC-TIO-10 or FOUT on the MIO device, except the
E Series devices.
2 For FOUT2 on the PC-TI0O-10.

mode sel ects whether to enable or disable the programmable frequency output. mode
canbeOor 1.

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

1 The frequency output signal is enabled.

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

Continued

timebase sel ects the timebase, or resolution, to be used by the programmabl e frequency
output. timebase has the following possible values:
-1 Internal 5 MHz clock used as timebase (200 nsresolution) (AT-MIO-16F-5,
AT-MIO-64F-5, AT-MIO-16X, and PC-TI10O-10 only).
Internal 1 MHz clock used as timebase (1 ps resolution).
Internal 100 kHz clock used as timebase (10 ps 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).
SOURCEZ1 used as timebase if FOUT_port = 1 or SOURCE 6 used as
timebase if FOUT _port = 2.
7. SOURCEZ2 used as timebase if FOUT_port = 1 or SOURCE 7 used as
timebase if FOUT _port = 2.
8: SOURCES3 used as timebase if FOUT_port = 1 or SOURCE 8 used as
timebase if FOUT _port = 2.
9: SOURCEA4 used as timebase if FOUT_port = 1 or SOURCE 9 used as
timebase if FOUT _port = 2.
10: SOURCES used as timebase if FOUT_port = 1 or SOURCE 10 used as
timebase if FOUT _port = 2.
11: GATE 1 used astimebase if FOUT_port = 1 or GATEG6 used as timebase if
FOUT _port = 2.
12 GATE 2 used astimebase if FOUT_port =1 or GATE7 used as timebase if
FOUT _port = 2.
13: GATE 3 used astimebase if FOUT_port = 1 or GATES8 used as timebase if
FOUT _port = 2.
14. GATE 4 used astimebase if FOUT_port = 1 or GATE9 used as timebase if
FOUT _port = 2.
15: GATE 5 used astimebase if FOUT _port = 1 or GATEL0 used as timebase
if FOUT _port = 2.

division isthe divide-down factor for generating the clock. The clock frequency isthen
equal to (timebase frequency)/division.
Range: 1 through 16.

Using This Function
Generates a 50% duty-cycle output clock at the programmable frequency output signal
FOUT if mode = 1; otherwise, the FOUT signal is alow-logic state. The frequency of
the FOUT signal is the frequency corresponding to timebase divided by the division
factor.
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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 116 assigned by configuration utility
ctr i16 counter number
timebase i16 timebase value

Parameter Discussion
ctr isthe counter number.

Range:

1, 2, or 5 for an MIO device except the E Series devices.
1 through 10 for a PC-TI0O-10.

timebase selects the timebase, or resolution, to be used by the counter. timebase hasthe
following possible values:

-1:

Internal 5 MHz clock used as timebase (200 nsresolution) (AT-MIO-16F-5,
AT-MI0O-64F-5, AT-MI0-16X, and PC-T10-10 only).

TC signal of ctr-1 used as timebase.

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

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

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

Internal 1 kHz clock used as timebase (1 ms resol ution).

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

SOURCEL1 used astimebaseif 1 < ctr <5 or SOURCE 6 used as timebase if
6 < ctr < 10.

SOURCE?2 used astimebaseif 1 < ctr <5 or SOURCE 7 used as timebase if
6 < ctr < 10.
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Continued

8: SOURCE3 used astimebase if 1 < ctr <5 or SOURCE 8 used as timebase if

6 < ctr < 10.
9: SOURCEA4 used astimebase if 1 < ctr <5 or SOURCE 9 used as timebase if

6 < ctr < 10.

10: SOURCES used astimebase if 1 < ctr <5 or SOURCE 10 used as timebase
if 6<ctr <10.

11: GATE 1 used astimebase if 1 < ctr <5 or GATES6 used as timebase if
6 < ctr < 10.

12: GATE 2 used astimebase if 1 < ctr <5 or GATE7 used as timebase if
6 < ctr < 10.

13: GATE 3 used astimebase if 1 < ctr <5 or GATES used as timebase if
6 < ctr < 10.

14: GATE 4 used astimebase if 1 < ctr <5 or GATE9 used as timebase if
6 < ctr < 10.

15: GATE 5 used astimebase if 1 < ctr <5 or GATEL0 used as timebase if
6 < ctr < 10.

Set timebase to 0 if you plan to concatenate counters. Set timebase to 1 through 5 for
the counter to count one of the five available internal signals. Set timebase to 6 through
15 (except 10 for the PC-TIO-10) if you plan to provide an external signal to a counter.
This external signal isthen the signal NI-DAQ will count for event counting.

Using This Function
CTR_Per i od 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 the CTR_Confi g
cal.

Applicationsfor CTR_Per i od are discussed in the section Period and Continuous

Pulse-Width Measurement Applications in Chapter 3, Software Overview, of the
NI-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 pul se-programmable delay and
pulse width.
Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
ctr i16 counter number
timebase i16 timebase value
delay ul6é interval before the pulse
pulseWidth ulé interval of the pulse

Parameter Discussion
ctr isthe counter number.

Range: 1, 2, or 5 for an M1O device except the E Series devices.
1 through 10 for a PC-T10-10.

timebase sel ects the timebase, or resolution, to be used by the counter. timebase hasthe

following possible values:

-1 Internal 5 MHz clock used as timebase (200 nsresolution) (AT-MI0O-16F-5,
AT-MIO-64F-5, AT-MI0-16X, and PC-TIO-10 only).

arwNRO
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TC signal of ctr-1 used as timebase.

Internal 1 MHz clock used as timebase (1 s resolution).
Internal 100 kHz clock used as timebase (10 ps 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).
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Continued

6: SOURCEL used astimebase if 1 < ctr <5 or SOURCE 6 used as timebase if

6 < ctr < 10.
7 SOURCEZ2 used astimebase if 1 < ctr <5 or SOURCE 7 used as timebase if
6 < ctr < 10.
8: SOURCE3 used astimebase if 1 < ctr <5 or SOURCE 8 used as timebase if
6 < ctr < 10.
9: SOURCEA4 used astimebase if 1 < ctr <5 or SOURCE 9 used as timebase if
6 < ctr < 10.
10: SOURCES used astimebase if 1 < ctr <5 or SOURCE 10 used as timebase
if 6<ctr <10.
11: GATE 1 used astimebase if 1 < ctr <5 or GATES6 used as timebase if
6 < ctr < 10.
12: GATE 2 used astimebase if 1 < ctr <5 or GATE7 used as timebase if
6 < ctr < 10.
13: GATE 3 used astimebase if 1 < ctr <5 or GATES used as timebase if
6 < ctr < 10.
14: GATE 4 used astimebase if 1 < ctr <5 or GATEY used as timebase if
6 < ctr < 10.
15: GATE 5 used astimebase if 1 < ctr <5 or GATEL0 used as timebase if
6 < ctr < 10.

Set timebase to 0 if you plan to concatenate counters. Set timebase to 1 through 5 for
the counter to use one of the five available internal signals. Set timebase to 6 through
15 (except 10 for the PC-TIO-10) if you plan to provide an external clock to the counter.

delay isthe delay before NI-DAQ generates the pulse. delay can be between 3 and
65,535. Use the following formula to determine the actual time period that delay
represents:

delay * (timebase resolution)
pulseWidth is the width of the pulse NI-DAQ will generate. pulseWidth can be

between 0 and 65,535. Use the following formula to determine the actual time that
pulseWidth represents:

pulseWidth * (timebase resolution)

for 1 < pulseWidth < 65,535. pulseWidth = 0 isaspecial case of pulse generation and
actually generates a pulse of infinite duration (see the timing diagrams in Figures 2-9
and 2-10).
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Using This Function
CTR_Pul se sets up the counter to generate a pulse of the duration specified by
pulseWidth, after atime delay of the duration specified by delay. If you specify no
gating, CTR_Pul se startsthe counter; otherwise, counter operation is controlled by the
gateinput. The selected timebase determines the timing of pulse generation as shown in
Figure 2-9.

Y ou can generate successive pulses by calling CTR_Rest art or CTR_Pul se again.
Be sure that the delay period of the previous pulse has elapsed before calling
CTR_Rest art or CTR_Pul se. A successive call will wait until the previous pulseis
completed before generating the next pulse. In the case where pulseWidth =0and TC
toggle output is used, the output polarity toggles after every call to CTR_Rest art.

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.

units = timebase period

Timebase _/
Starting _Z/

Signal

delay—>|<— pulse_width————p

TC Toggle /
Output

—delay- 19 |—————— pulse_width- 1 —p
TC Pulse
Output <l <l
\

[

0 < sync period < 1

Figure 2-9. Pulse Generation Timing
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Continued

An uncertainty is associated with the delay period due to counter synchronization.
Counting starts on the first timebase edge after NI-DAQ applies the starting signal. The

time between receipt of the starting pulse and start of pulse generation can be between
(delay) and (delay+1) units of the timebase in duration.

pulseWidth = 0 generates a special case signal as shown in Figure 2-10.

units = timebase period

Timebase _/ _\_/
Starti
swa L/

delay >
TC Toggle delay -1
Output
>
TC Pulse
Output «l->
0 < sync period < 1
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 square wave you want into the timebase
and period parameters needed for input to the CTR_Squar e function that produces the

square wave.
Parameters
Input
Name Type Description
freq f64 frequency you want
duty fe4 duty cycle you want
Output
Name Type Description
timebase i16 onboard source signal used
periodl ul6 units of time that the square wave is high
period2 ul6 units of time that the square wave islow

Parameter Discussion

freq isthe square wave frequency you want in cycles per second (Hz).
Range: 0.0008 through 2,500,000 Hz.

duty isthe square wave duty cycle you want as afraction. With positive output polarity

and TC toggled output selected, the fraction expressed by duty describes the fraction of

a single wavelength of the square wave that islogical high.

Range: 0.0 through 1.0 noninclusive (that is, any value between, but not including,
0.0 and 1.0).
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Continued

timebase is a code that represents the resolution of the onboard source signal that the
counter uses to produce the square wave. Y ou can input the value returned by timebase
directly to the CTR_Squar e function.
: 1 ps.
10 ps.
100 ps.
1ms.
10 ms.

aRhONE

periodl and period2 represent the number of units of time (selected by timebase) that
the square wave is high and low, respectively. The roles of periodl and period?2 are
reversed if the output polarity is negative.

Range: 1 through 65,535.

Note: C Programmers—timebase, periodl, and period2 are pass-by-reference
parameters.

Using This Function

CTR_Rat e translates adefinition of asgquare wavein terms of frequency and duty cycle
into terms of atimebase and two period values. Y ou can then input the timebase and
period values directly into the CTR_Squar e function to produce the square wave you
want.

CTR_Rat e 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
frequency you want, the two periods returned by CTR_Rat e will not be equal and the
duty cycle of the square wave will differ slightly from 50 percent. For example, if freq
is 40,000 Hz and duty is 0.50, CTR_Rat e returns values of 1 for timebase, 13 for
periodl, and 12 for period2. 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 driversin the
selected output state.

Parameters
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 isthe counter number.
Range: 1, 2, or 5 for an M1O device except the E Series devices.
1 through 10 for a PC-T10-10.

output indicates the output state of the counter OUT signal driver. output 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 must use
CTR_Reset 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 use
CTR_Reset to change the output state of an idle counter.

= Note The output line of counter 1 on the M1016/16D, and counters 1, 2, and 5
on the AT-MIO-16F-5, AT-MIO-64F-5, and AT-MI10O-16X are pulled up
to +5 V while in the high-impedance state.
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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:

Using This Function

1, 2, or 5 for an M10O device except the E Series devices.
1 through 10 for a PC-T10-10.

Youcanuse CTR_Rest art after aCTR_St op operation to allow the suspended
counter to resume. If the specified counter was never set up for an operation,

CTR_Rest art returnsan error.

You alsocanuse CTR_Rest art after aCTR_Pul se operation to generate additional
pulses. CTR_Pul se generates the first pulse. In this case, do not call CTR_Rest ar't
until after the previous pulse has completed.
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CTR_Simul_Op

Format
status= CTR_Simul_Op (deviceNumber, numCtrs, 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 countersto operate
ctrList [i16] array of counter numbers
mode i16 operating mode

Parameter Discussion
numcCtrsisthe number of counters to which the operation is performed.
Range: 1 through 10.

ctrList isan array of integers of size numCtrs containing the counter numbers of the
counters for performing the operation.
Range: 1, 2, or 5 for an M10O device except the E Series devices.

1 through 10 for a PC-T10-10.

Note: By default, counters are not reserved for simultaneous operations.

mode is the operating mode to be performed by this call.

0: Cancel reservation of counters specifiedin ctrList.

1: Reserve counters specified in ctrList for simultaneous start, restart, stop, or
count latch operation.

2: Perform a simultaneous start/restart on the counters specified in ctrList.

3: Perform a simultaneous stop on the counters specified in ctrList.

4: Perform a simultaneous count latch on the counters specified in ctrlist. The
counters must have been started by a previous call to CTR_EvCount . The
counts can be retrieved one at atime by subsequent callsto CTR_EvRead.
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Continued
Note: Itisnot necessary to call CTR_Si nul _Op with mode set to 1 before

calling CTR_Si nul _Op with mode set to 4. That is, it is permissible to
start two or more counters at different times and still latch their counts at
the same time.

Using This Function
Y ou 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_Si nul _Op:

1.
2.
3.

Specify the counters to use by putting their counter numbers into the ctrList array.
Call CTR_Si mul _Op with mode = 1 to reserve these counters.

Set up the counters by calling CTR_EvCount , CTR_Peri od, CTR _Squar e, or
CTR_Pul se for each reserved counter. Because these counters are reserved, they
will not start immediately by those calls.

Call CTR_Si nul _Op with mode = 2 to start these counters.
Call CTR_Si mul _Op with mode = 3 to stop these counters.

Call CTR_Si nmul _Op with mode = 0 to free counters for non-simultaneous
operations.

Y ou can stop counters from performing CTR_EvCount , CTR_Peri od,
CTR_Squar e, or CTR_Pul se simultaneously, regardless of whether they were started
by CTR_Si mul _Op.

Trying to start unreserved counters simultaneously causes this function to return an
error.

Call CTR_Si nul _Op withmode = 0to cancel the reserved status of counters specified
inctrList.

Note: On the PC-TI0O-10, the 10 counters are included on two counter/timer

chips. These counter/timer chips are programmed seguentially.
Simultaneous start-and-stop operations that specify counters from both
chips will 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, period2)

Purpose

Causes the specified counter to generate a continuous square wave output of specified
duty cycle and frequency.

Parameters
Input
Name Type Description

deviceNumber 116 assigned by configuration utility
ctr i16 counter number

timebase i16 timebase value

periodl ul6é period of the square wave
period2 ulé period of the square wave

Parameter Discussion
ctr isthe counter number.

Range: 1, 2, or 5 for an M1O device except the E Series devices.
1 through 10 for a PC-T10-10.

timebase is the timebase, or resolution, to be used by the counter. timebase has the
following possible values:
-1 Internal 5 MHz clock used as timebase (200 nsresolution) (AT-MI0O-16F-5,
AT-MIO-64F-5, AT-MI0-16X, and PC-TIO-10 only).
TC signal of ctr-1 used as timebase.
Internal 1 MHz clock used as timebase (1 s resolution).
Internal 100 kHz clock used as timebase (10 ps 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).

arwNRO
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6: SOURCEL used astimebase if 1 < ctr <5 or SOURCE 6 used as timebase if

6 < ctr < 10.
7 SOURCEZ2 used astimebase if 1 < ctr <5 or SOURCE 7 used as timebase if
6 < ctr < 10.
8: SOURCE3 used astimebase if 1 < ctr <5 or SOURCE 8 used as timebase if
6 < ctr < 10.
9: SOURCEA4 used astimebase if 1 < ctr <5 or SOURCE 9 used as timebase if
6 < ctr < 10.
10: SOURCES used astimebase if 1 < ctr <5 or SOURCE 10 used as timebase
if 6<ctr <10.
11: GATE 1 used astimebase if 1 < ctr <5 or GATES6 used as timebase if
6 < ctr < 10.
12: GATE 2 used astimebase if 1 < ctr <5 or GATE7 used as timebase if
6 < ctr < 10.
13: GATE 3 used astimebase if 1 < ctr <5 or GATES used as timebase if
6 < ctr < 10.
14: GATE 4 used astimebase if 1 < ctr <5 or GATEY used as timebase if
6 < ctr < 10.
15: GATE 5 used astimebase if 1 < ctr <5 or GATEL0 used as timebase if
6 < ctr < 10.

Set timebase to 0 if you plan to concatenate counters. Set timebase to 1 through 5 for
the counter to use one of the five available internal signals. Set timebase to 6 through
15 (except 10 for the PC-TIO-10) if you plan to provide an external clock to the counter.

periodl and period2 specify the two periods making up the square wave to be
generated. For TC toggled output type and positive output polarity, periodl indicates
the duration of the on-cycle (high-logic state) and period2 indicates the duration of the
off-cycle (low-logic state).

Range: 1 through 65,535.

Using This Function
CTR_Squar e sets up the counter to generate a square wave of duration and frequency
determined by periodl, period2, and timebase. 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 + period2) * (timebase period)
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Thisimplies that the frequency of the square wave is as follows:
1/(periodl + period2) * (timebase period)

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 example, periodl = 3 and period2 = 2. The output signals
shown are positive polarity output signals.

When you use special gating (gateM ode = 8), you can achieve gate-controlled pulse
generation. When the gate input is high, NI-DAQ uses periodl to generate the pulses.
When the gate input is low, NI-DAQ uses period?2 to generate the pulses. If the output
mode is TC Toggled, the result is two 50 percent duty square waves of difference
frequencies. If the output mode is TC Pulse, the result is two pulse trains of different
frequencies.

units = timebase period

Timebase _/

Starting
Signal —A—Z/ I periodl > period?2 |
TC Toggle / \
Output periodl-1 period2 -1
L 1 [
TC Pulse > >
Output
A ) <1 <«]1->

0 < sync period < 1

Figure 2-11. Square Wave Timing
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Square Wave Generation Timing Considerations
Thereis an uncertainty associated with the beginning of square wave generation due to
counter synchronization. Square wave generation starts on the first timebase edge after
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.

Y ou should not use edge gating with square wave generation. If you use edge gating, the
waveform stops after periodl1 expires and then continues for one total period (period2
+ periodl) only after NI-DAQ applies another edge. This behavior might or might not
be useful. For continuous square wave generation, use level or no gating.
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Format
status= CTR_State (deviceNumber, ctr, outState)

Purpose
Returns the OUT logic level of the specified counter.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
ctr i16 counter number
Output
Name Type Description
outState i16 returns the logic level of the counter OUT signal

Parameter Discussion
ctr isthe counter number.
Range: 1, 2, or 5 for an M1O device except the E Series devices.
1 through 10 for a PC-T10-10.

outState returns the logic level of the counter OUT signal. outState is either O or 1.
0: Indicates that OUT is at alow-logic state.
1 Indicates that OUT is at a high-logic state.

Note: C Programmers—outState is a pass-by-reference parameter.

Using This Function
CTR_St at e readsthelogic state of the OUT signal of the specified counter and returns
the state in outState. If the counter OUT driver is set to the high-impedance state,
outState is indeterminate and can be either O 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 isthe counter number.
Range: 1, 2, or 5 for an M10O device except the E Series devices.
1 through 10 for a PC-T10-10.

Using This Function
CTR_St op suspends the operation of the counter in such away that the counter can be
restarted by CTR_Rest art and continue in its operation. For example, if a counter is
set up for frequency output, issuing CTR_St op causes the counter to stop generating a
square wave, and CTR_Rest art allowsit to resume. CTR_St op causes the counter
output to remain at the state it was in when CTR_St op was issued.

Note: Because of hardware limitations, CTR_St op cannot stop a counter
generating a square wave with periodl of 1 and period2 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
dagqStopped i16 indication of whether the data acquisition has
completed
retrieved u32 progress of an acquisition

Parameter Discussion
daqgStopped returns 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 indicatesthe progress of an acquisition. The meaning of retrieved dependson
whether pretrigger mode has been enabled (see DAQ_St opTri gger _Conf i g). If
pretrigger mode is disabled, retrieved returns the number of samples collected by the
acquisition at the time of the call to DAQ_Check. Thevalue of retrieved increases until
it equals the count indicated in the call that initiated the acquisition, at which time the
acquisition terminates. However, if pretrigger mode is enabled, retrieved returns the
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offset of the position in your buffer where the next data point is placed when it is
acquired. When the value of retrieved reaches count-1 and rolls over to O, the
acquisition begins to overwrite old data with new data. When NI-DAQ applies asignal
to the stop trigger input, the acquisition collects an additional number of samples
indicated by ptsAfter Stoptrig in the call to DAQ_St opTri gger _Confi g and then
terminates. When DAQ_Check returnsastatus of 1, retrieved contains the offset of the
oldest data point in the array (assuming that the acquisition has written to the entire
buffer at least once). In pretrigger mode, DAQ_Check automatically rearranges the
array upon completion of the acquisition so that the oldest data point is at the beginning
of the array. Thus, retrieved always equals O upon completion of a pretrigger mode
acquisition.

Note: C Programmers—daqgStopped and retrieved are pass-by-reference
parameters.

Using This Function

DAQ_Check checksthe current background DA Q 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 complete, DAQ Check sets daqStopped = 1.
Otherwise, dagStopped is set to 0. Before DAQ _Check returns

daqStopped =1, it calls DAQ _Cl ear, allowing another Start call to execute
immediately.

If DAQ_Check returns an over FlowError or an over RunError, the DAQ operationis
terminated; some A/D conversionswere lost dueto asampleratethat istoo high (sample
interval was too small). An over FlowError indicates that the A/D FIFO memory
overflowed because the DAQ servicing operation was not able to keep up with sample
rate. An over RunError indicates that the DAQ circuitry was not able to keep up with
the sample rate. Before returning either of these error codes, DAQ _Check calls

DAQ _Cl ear to terminate the operation and reinitialize the DAQ circuitry.

© National Instruments Corporation 2-125 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

DAQ_Clear

Format
status= DAQ_Clear (deviceNumber)
Purpose

Cancelsthe 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 _Cl ear 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 aresult of the data acquisition. NI-DAQ then
reinitializes the DAQ circuitry so that NI-DAQ can start another data acquisition.

= Note If your application callsDAQ St art, SCAN Start, or
Lab_| SCAN_St ar t , always make surethat you call DAQ _Cl ear before
your application terminates and returns control to the operating system.
Unpredictable behavior can result unless you make this call (either
directly, or indirectly through DAQ_Check, Lab_| SCAN_Check, or
DAQ DB_Transfer).
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Format
status = DAQ_Config (deviceNumber, startTrig, extConv)
Purpose
Stores configuration information for subsequent DA Q operations.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
startTrig i16 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:
1

Generate software trigger to start DAQ sequence (the default).

Wait for external trigger pulse at STARTTRIG of the MIO16/16D, or at
EXTTRIG* of the AT-MI0O-16F-5, AT-MI10-64F-5, and AT-MI0O-16X, or at
EXTTRIG of the Lab and 1200 Series devicesto 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 sequenceis
controlled externally or internally with the sample-interval and/or scan-interval clocks.

0:

1
2:

Use onboard clock to control data acquisition sample-interval and
scan-interval timing (the default).

Allow external clock to control sample-interval timing.

Allow external clock to control scan-interval timing (M10, Al, and Lab and
1200 Series devices only).

Allow external control of sample-interval timing and scan-interval timing
(AT-MIO-16F-5, AT-MI0-64F-5, AT-MI0O-16X, and Lab and 1200 Series
devices only).
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If you are using an E Series device, seethe Sel ect _Si gnal function for information
about the external timing signals.

Using This Function
DAQ Conf i g savesthe parametersin the configuration table for future data
acquisition. DAQ St art and SCAN_St ar t usethe configuration tableto set the DAQ
circuitry to the correct timing modes.

If both startTrig and extConv are 0, A/D conversions begin as soon as you call

DAQ Start,SCAN Start,orLab | SCAN Start.WhenstartTrigis1, A/ID
conversions do not begin until NI-DAQ receives an external trigger pulse. In the latter
case, the Start call merely armsthe device. If you are using all E Series devices, see the
Sel ect _Si gnal 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. When extConv is 1, the timing of A/D conversionsis
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. When
extConv is 2, the device performs a multiple-channel scan each time the device receives
an active low pulse at the OUT2 signal (pin 46) of the non-E-series M10 device I/O
connector, or the COUTBL1 signal (pin 43) on Lab and 1200 Series devices.

On the MI0O-16/16D it is not possible to use both external start triggering and external
sampleclock (startTrig =1 and extConv = 1) simultaneously. NI-DAQ returns an error
if you attempt to configure them simultaneously. On the AT-MIO-16F-5,
AT-MIO-64F-5, AT-MIO-16X, E Series, and Lab and 1200 Series devices, you can
configure external start triggering and the external sample clock simultaneously.

(M10O-16 and Lab and 1200 Series devices only) In most cases, you should not use
external conversion pulsesin 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. The AT-M10-16X and AT-MI0-16F-5 do not have this
restriction.

(Lab and 1200 Series devices only) If the device is using an external timing clock for
A/D conversions (extConv= 1), the first clock pulse after one of the three start calls
(Al _Set up, DAQ St art,or Lab_I| SCAN_St ar t ) isto activate the device for
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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 with startTrig = 1, the device waits for
an active low external pulse on the PFI0 pinto initiate the DAQ sequence. If you usethis
function with extConv = 1 or 3, the device uses active low pulses on the PFI2 pin for
sample-interval timing. If you use this function with extConv = 2 or 3, the device uses
active low pulses on the PFI7 pin for scan-interval timing. These settings are consistent
with the Am9513-based M10 device selections. You can use the Sel ect _Si gnal
function instead of this function to take advantage of the DAQ-STC signal routing and
polarity selection features.

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 aDAQ timing configuration different from the default setting, you must call
DAQ_Conf i g with the configuration you want before initiating any DAQ sequences.
Y ou need to call DAQ_Conf i g only when you change the DAQ configuration from the
default setting.

If you want to scan channels on an SCX1-1140 module using an external Track*/Hold
signal, you should call DAQ_Conf i g 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 _Confi gur e call. This configuration information also affects data acquisition.

Y ou cannot use pretrigger mode in conjunction with external conversion method on
MI10O-16/16D devices.
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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
DBmode indicates 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 abuffer with acquired data. The buffer
isdivided intotwo equal halvesso that NI-DAQ can save datafrom one half whilefilling
the other half. This mechanism makesit necessary to alternately save both halves of the
buffer so that NI-DAQ does not overwrite datain the buffer before saving the data. Use
the DAQ _DB_Tr ansf er functionsto save the data as NI-DAQ acquiresit. For
additional information, see Chapter 5, NI-DAQ Double Buffering, of the NI-DAQ User
Manual for PC Compatibles, for more information.
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Format
status = DAQ_DB_HalfReady (deviceNumber, halfReady, dagStopped)

Purpose
Checks whether the next half buffer of datais available during a double-buffered data
acquisition. You can use DAQ DB Hal f Ready to avoid the waiting period that can
occur because the double-buffered transfer function (DAQ_DB_Tr ansf er ) 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 datais available
dagStopped i16 whether the data acquisition has completed

Parameter Discussion
halfReady indicates whether the next half buffer of datais available. When halfReady
equals 1, you can use DAQ DB_Tr ansf er to retrieve the dataimmediately. When
halfReady equals 0, the data is not yet available.

dagstopped returns an indication of whether the data acquisition has completed. If
dagstopped = 1, the DAQ operation is complete (or halted due to an error). If
dagstopped = 0, the DAQ operation is still running.

Note: C Programmers—halfReady and daqstopped are pass-by-reference
parameters.
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Using This Function
Double-buffered data acquisition cyclically fills abuffer with acquired data. The buffer
isdivided intotwo equal halvesso that NI-DAQ can save datafrom one half whilefilling
the other half. This mechanism makesit necessary to alternately save both halves of the
buffer so that NI-DAQ does not overwrite datain the buffer before saving the data. Use
the DAQ _DB_Tr ansf er function to save the data as NI-DAQ acquiresit. 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
can use DAQ DB_Hal f Ready to ensure that the transfer function is called only when
the datais already available.
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Format
status= DAQ_DB_Transfer (deviceNumber, halfBuffer, ptsTfr, dagStopped)

Purpose

Transfershalf of the datafrom the buffer being used for double-buffered dataacquisition
to another buffer, which is passed to the function, and waits until the datato be
transferred is available before returning. Y ou can execute DAQ DB_Tr ansf er
repeatedly to return sequential half buffers of the data.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
Output
Name Type Description
halfBuffer [i16] integer array to which the dataisto betransferred
ptsTfr u32 number of points transferred
dagqStopped i16 indicates the completion of a pretrigger mode
acquisition

Parameter Discussion

halfBuffer isan 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 isthe number of points transferred to halfBuffer. This value is always equal to
half the number of samples specified in DAQ St art, SCAN_St art, or

Lab_| SCAN St art unlessthe acquisition has not yet begun, or the acquisition
stopped while in pretrigger mode. In the former case, until NI-DAQ applies an external
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start trigger, ptsTfr is 0. 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 receivesNI-DAQ appliesapulse at STOPTRIG for the M10O-16 stop trigger input.
Refer to or at EXTTRIG* of the non-E-Series M10 devices, or at EXTTRIG of Lab and
1200 Series devices. If you are using all E Series devices, seethe Sel ect _Si gnal
function for information about the external timing signals. Thus, after the acquisition has
stopped, the last transfer of datato halfBuffer containsthe number of valid points from
the half of the circular buffer where acquisition stopped.

daqStopped is avalid output parameter only if pretrigger mode acquisition isin
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 astop
trigger, and that NI-DAQ has transferred the last piece of datain the circular buffer to
halfBuffer. The number of data points transferred to halfBuffer, as always, is equal to
ptsTfr.

Note: C Programmers—ptsTfr and dagStopped must be passed by reference.

NI-DAQ FRM for PC Compatibles 2-134 © National Instruments Corporation



Chapter 2 Function Reference

DAQ_Monitor

Format

status= DAQ_Monitor (deviceNumber, channel, sequential, numPts, monitor Buffer,
newestPtl ndex, dagStopped)

Purpose

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.

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 or
oldest blocks of data
numPts u32 number of data points you want to retrieve
Output
Name Type Description
monitor Buffer [i16] destination buffer for the data
newestPtIndex u32 offset into the acquisition buffer of the newest
point returned
dagStopped i16 indicates whether the data acquisition has
completed

© National Instruments Corporation 2-135 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

DAQ_Monitor

Continued

Parameter Discussion
channel is the number of the channel you want to examine. Y ou can choose to set
channel to avalue of -1 to indicate that you want to examine data from all channels
being scanned. If channel is not equal to -1, channel must be equal to the channel
selected in DAQ_St ar t , equal to one of the channels selected in SCAN_Set up, or
equal to one of the channelsimpliedinLab_I SCAN_St art . If you are using an
AMUX-64T, channel can be equal to any one of the AMUX-64T channels.
Range: -1 for datafrom all channels being sampled.

n where n is one of the channels being sampled.

sequential isaflag that enables or disables the return of consecutive or oldest blocks of
datafrom the acquisition buffer. A call to DAQ_Moni t or with the value of sequential
equal to one returns a block of data that begins where the last sequential call to
DAQ Moni t or left off. A call to DAQ _Moni t or with sequential equal to zero returns
the most recent block of data available.

0: Most recent data.

1 Consecutive data.

numPtsisthe number of data points you want to retrieve from the buffer being used by
the acquisition operation. If the channel parameter is equal to -1, numPts must be an
integer multiple of the number of channels contained in the scan sequence. If you are
using one or more AMUX-64T boards, remember that the actual number of channels
scanned is equal to the value of the numChans parameter you selected in
SCAN_Set up, multiplied by the number of AMUX-64T boards, multiplied by 4.
Range: (if channel equals -1) 1 to the value of count inthe DAQ St art,
SCAN_Start,orLab_| SCAN_Start call.
(if channel is not equal to 1) 1 to the number of points per channel that the
acquisition buffer can hold.

monitor Buffer is the destination buffer for the data. It is an integer array.

monitor Buffer must be at least big enough to hold numPts worth of data. Upon the
return of DAQ_Moni t or , monitor Buffer contains a snapshot of a portion of the
acquisition buffer.

newestPtIndex is the offset into the acquisition buffer of the newest point returned by
DAQ_Moni t or . When the value of the sequential flagis0, newestPtlndex isuseful in
determining whether you are seeing the same data over and over again. If DAQ buf f er
is the name of the buffer selected in the DAQ_St art call, for example,

monitor Buffer[numPts - 1] = DAQ_buf f er [newestPtIndex], if DAQ buf f er is
zero based.
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dagStopped returns 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—newestPtIndex and daqStopped are pass-by-reference
parameters.

Using This Function
DAQ_Moni t or isintended to return small blocks of datafrom abackground acquisition
operation. Thisis especially useful when you have put the acquisition in acircular mode
by enabling either the double-buffered or pretrigger modes. The operation is not
disturbed; NI-DAQ merely reads data from the buffer being used by the acquisition. If
the amount of data requested is not yet available, DAQ Mbni t or returnsthe
appropriate error code. Possible usesfor DAQ_Moni t or include deciding when to halt
an acquisition based on alevel, slope, or peak. If you are using DAQ Mbni t or 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 over WriteError warning.
DAQ _Moni t or then restarts sequential retrieval with the most recently acquired block
of data.

If NI-DAQ overwritesablock of dataasit is copied to monitor Buffer, NI-DAQ returns

the over WriteError error. The datain monitor Buffer might be corrupted if NI-DAQ
returns this error.
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Format
status= DAQ_Op (deviceNumber, chan, gain, buffer, count, sampleRate)

Purpose

Performs a synchronous, single-channel DAQ operation. DAQ_Op does not return until
NI-DAQ has acquired all the data or an acquisition error has occurred.

Parameters
Input
Name Type Description
deviceNumber 116 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 fe4 desired samplerate in units of pts/s
Output
Name Type Description
buffer [i16] contains the acquired data

Parameter Discussion

chan is 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 using SCXI _Si ngl e_Chan_Set up
before calling this function. Please refer to the NI-DAQ User Manual for PC
Compatibles for more information on SCX| channel assignments.

Range: See Table B-1 in Appendix B.
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gain isthe 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 calling SCXI _Set _Gai n. Refer to
Appendix B, Analog Input Channel and Gain Settings and Voltage Calculation, for valid
gain settings. If you use an invalid gain, NI-DAQ will return an error. NI-DAQ ignores
gain for 516 and LPM devices and the DAQCard-500/700.

buffer isan integer array. buffer has alength equal to or greater than count. When
DAQ_Op returns with an error number equal to zero, buffer contains the acquired data.

count is the number of samples to be acquired (that is, the number of A/D conversions
to be performed).
Range:  3through 232 - 1 (except for the Lab and 1200 Series and E Series devices).
3 through 65,535 (Lab and 1200 Series devices).
2 through 224 (E Series devices).

sampleRate is the sample rate you want in units of pts/s.
Range: Roughly 0.00153 pts/s through 500,000 pts/s. The maximum rate depends on
the type of device.

Note: If you areusing an SCXI1-1200 with remote SCXI, the maximum rate will
depend on the baud rate setting and count. Refer to the SCXI-1200 User
Manual for more details.

Using This Function

DAQ_Op initiates a synchronous process of acquiring A/D conversion samples and
storing them in a buffer. DAQ_Op does 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 stores count
A/D conversions in the buffer and ignores any subsequent conversions.

Note: If you have selected external start triggering of the DAQ operation, a
high-to-low edge at the STARTTRIG* /0O connector of the M1 0O-16,
the EXTTRIG* input of the AT-MI0O-16F-5, AT-MI0O-64F-5 and
AT-MI0O-16X or alow-to-high edge at the EXTTRI G input of the 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
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Sel ect _Si gnal or DAQ Confi g functionsto initiate data acquisition.
Beawarethat if you do not apply the start trigger, DAQ_QOp doesnot return
control to your application. Otherwise, DAQ_Op issues a software trigger
to initiate the DAQ operation.

If you have enabled pretrigger mode, the sample counter does not begin counting
acquisitions until you apply asignal at the stop trigger input. Until you apply thissignal,
the acquisition remainsin acyclical mode, continually overwriting old datain the buffer
with new data. Again, if you do not apply the stop trigger, DAQ_Op does not return
control to your application.

Inany case, you canuse Ti meout _Conf i g to establish amaximum length of timefor
DAQ_Op to execute.
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Format
status= DAQ_Rate (rate, units, timebase, samplel nterval)

Purpose

ConvertsaDAQ rateinto the timebase and sample-interval values needed to produce the
rate you want.

Parameters
Input
Name Type Description
rate fo64 desired DAQ rate
units i16 pts/s or gpt (see CTR_Rat e)
Output
Name Type Description
timebase i16 onboard source signal used
samplel nterval ul6 number of timebase units that elapse between
consecutive A/D conversions

Parameter Discussion
rateisthe DAQ rate you want. The unitsinwhichrateisexpressed are either points per
second (pts/s) or seconds per point (§/pt), depending on the value of the units parameter.
Range: Roughly 0.00153 pts/s through 1,000,000 pts/s or 655 s/pt through

0.000001 s/pt.
units indicates the units used to expressrate.
0: pts/s.
1: s/pt.
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timebaseisacode representing the resolution of the onboard clock signal that the device
uses to produce the acquisition rate you want. Y ou can input the value returned by
timebasedirectly to DAQ St art,Lab_I SCAN_St art,or SCAN_St art . timebase
has the following possible values

-3 20 MHZ clock used as the timebase (50ns) (E Series only).

-1 200 ns (AT-MI0O-16F-5, AT-M10-64F-5, AT-MI0O-16X only).
1 ps.
10 ps.
100 ps.
1ms.
10 ms.

samplel nterval isthe number of timebase units that elapse between consecutive A/D
conversions. The combination of the timebase resolution value and the samplel nterval
produces the DAQ rate you want.

Range: 2 through 65,535.

Note: C Programmers—timebase and samplelnterval are pass-by-reference
parameters.

Using This Function

DAQ_Rat e 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 value timebase returns. Then use
the appropriate formula below, depending on the value specified for units:

units = 0 (pts/s):

actual rate = 1/(clock resolution * samplel nterval)
units=1 (g/pt):

actual rate = clock resolution = samplel nterval
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Format
status= DAQ_Start (deviceNumber, chan, gain, buffer, count, timebase, sampl nterval)

Purpose
Initiates an asynchronous, single-channel DAQ operation and storesitsinput 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 samplesto be acquired
timebase i16 timebase value
samplnterval ul6 sample interval
Output
Name Type Description
buffer [i16] used to hold acquired readings

Parameter Discussion

chan is 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 using SCXI _Si ngl e_Chan_Set up
before calling this function. Please refer to the NI-DAQ User Manual for PC
Compatibles for more information on SCX| channel assignments.

Range: See Table B-1in Appendix B.
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gain isthe 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 calling SCXI _Set _Gai n. Refer
to Appendix B, Analog Input Channel and Gain Settings and Voltage Calculation, for

valid gain settings. If you use invalid gain settings, NI-DAQ returns an error. NI-DAQ
ignores gain for the 516 and LPM devices and DAQCard-500/700.

buffer isan integer array. buffer must have alength equal to or greater than count. The
elements of buffer 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.

count is the number of samples to be acquired (that is, the number of A/D conversions
to be performed). For double-buffered acquisitions, count must be even.
Range:  3through 232 - 1 (except Lab and 1200 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 224 (E Series devices).

timebase is the timebase, or resolution, to be used for the sample-interval counter.
timebase 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) (AT-MIO-16F-5,
AT-MIO-64F-5, and AT-MIO-16X only).

0: External clock used astimebase (connect your own timebase frequency to the
internal sample-interval counter viathe SOURCES input for M1O boards or,
by default, the PFI8 input for E Series devices).

1 1 MHz clock used as timebase (200 ns 1 ps resolution) (non-E-Series M10O
devices only).

2: 100 kHz clock used as timebase (10 us resol ution).

3: 10 kHz clock used as timebase (100 s resolution) (non-E-Series M10O
devices only).

4. 1 kHz clock used as timebase (1 ms resolution) (non-E-Series M10 devices
only).

5: 100 Hz clock used as timebase (10 ms resolution) (non-E-Series MIO
devices only).

On E Seriesdevices, if you use thisfunction with the timebase set at 0, you must call the
function Sel ect _Si gnhal withsignal settoND | N SCAN_CLOCK_TI MEBASE (not
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ND_I N_CHANNEL CLOCK_TI MEBASE), and source set to a value other than

ND_| NTERNAL_20_MHZ andND_| NTERNAL _100_KHZ beforecallingDAQ_St ar t
with timebase set to 0; otherwise, DAQ_St ar t will select low-to-high transitionson the
PFI 8 I/0O connector pin as your external timebase.

Refer to the NI-DAQ Function Reference Manual for further details about the
Sel ect _Si gnal function.

If you use external conversion pulses, NI-DAQ ignores the timebase parameter and you
can set it to any value.

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 sampleinterval in seconds using the following formula:

samplnterval * (timebase resolution)

where the timebase resolution for each value of timebase is given above. For example,
if samplnterval = 25 and timebase = 2, the sample interval is 25 x 10 us = 250 ps. If
you use external conversion pulses, NI-DAQ ignores the sampl nterval parameter and
you can set it to any value.

= Note If you are using an SCXI-1200 with remote SCXI, the maximum rate will
depend on the baud rate setting and count. Refer to the SCXI-1200 User
Manual for more details.

Using This Function
DAQ St art configures the analog input multiplexer and gain circuitry asindicated by
chan and gain. If external sample-interval timing has not been indicated by a
DAQ_Conf i g call, the function sets the sample-interval counter to the specified
sampl nterval and timebase. 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 acquired count
samples.

DAQ St art initializes a background process to handle storing of A/D conversion
samplesinto the buffer as NI-DAQ acquires the conversions. When you use posttrigger
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mode (with pretrigger mode disabled), the process stores up to count A/D conversions
in the buffer and ignores any subsequent conversions. If acall to DAQ_Check returns
status = 1, the samples are available and NI-DAQ terminates the DAQ process. In
addition, acall to DAQ_Cl ear terminates the background DAQ process and enables a
subsequent call to DAQ_St ar t . Noticethat if DAQ_Check returnsdaqStopped = 1 or
an error code of -75 or -76, the process is automatically terminated and there is no need
to call DAQ_Cl ear.

Note: You need to apply a trigger that you select through the Sel ect _Si gnal
or DAQ Conf i g functionsto initiate data acquisition. Be aware that if
you do not apply the start trigger, DAQ_(p does not return control to your
application. Otherwise, DAQ_(p issues a software trigger to initiate the
DAQ operation.

If you select external start triggering for the DAQ operation, a high-to-low edge at the
STARTTRIG* 1/O connector input of the M1016/16D, the EXTTRIG* input of the
AT-MIO-16F-5, AT-MI0-64F-5, and AT-MI0O-16X, or alow-to-high edge at the
EXTTRIG input of Lab and 1200 Series devices initiates the DAQ operation after the
DAQ St art call iscomplete. Otherwise, DAQ_St art issues a software trigger to
initiate the DAQ operation before returning.

If you have selected external start triggering of the DAQ operation, a high-to-low edge
at the STARTTRIG* 1/O connector of the MI0O-16, the EXTTRIG* input of the
AT-MIO-16F-5, alow-to-high edge at the EXTTRIG input of Lab and 1200 Series
devicesinitiates the DAQ operation. If you are using an E Series device, you need to
apply atrigger that you select through the Sel ect _Si gnal or DAQ Confi g
functionsto initiate data acquisition. Be aware that if you do not apply the start trigger,
DAQ_Op does not return control to your application. Otherwise, DAQ_Op issues a
software trigger to initiate the DAQ operation.

If you enable pretrigger mode, the sample counter does not begin counting acquisitions
until NI-DAQ appliesasignal at the stop trigger input. Until NI-DAQ appliesthissignal,
the acquisition remainsin acyclical mode, continually overwriting old datain the buffer
with new data.

Note: If your application callsDAQ St art, SCAN Start, or
Lab_| SCAN_St ar t , always make surethat you call DAQ _Cl ear before
your application terminates and returns control to the operating system.
Unpredictable behavior can result unless you make this call (either
directly, or indirectly through DAQ _Check or DAQ DB Transfer).
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Format

status = DAQ_StopTrigger_Config (deviceNumber, stopTrig, ptsAfter Stoptrig)

Purpose

Enables the pretrigger mode of data acquisition and indicates the number of data points
to acquire after NI-DAQ applies the stop trigger pulse at the STOPTRIG* input of the
MI10-16/16D; the EXTTRIG* input of an AT-MIO-16F-5, AT-MI10-64F-5, or
AT-MIO-16X or the EXTTRIG input of Lab and 1200 Series devices; or the PFI1 pin.
Refer to the PFI1 pin of an E Series device. If you are using an E Series device, see the
Sel ect _Si gnal 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
ptsAfter Stoptrig 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.

ptsAfter Stoptrigisthe number of datapointsto acquire after thetrigger. This parameter
isvalid only if stopTrig equals 1. For a multiple channel scanned acquisition,
ptsAfter Stoptrig must be an integer multiple of the number of channels scanned.
Range:  3through count, where count is the value of the count 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, the range is 2 through

count.
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Using This Function
Calling DAQ_St opTri gger _Conf i g with the stopTrig 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 use DAQ_Check or
Lab_| SCAN_Check inthissituation to determine where NI-DAQ is currently
depositing data in the buffer. When you apply a pulse at the STOPTRIG* input of the
MI1O-16/16D or the EXTTRIG* input of the AT-MIO-16F-5, AT-MI10-64F-5, or
AT-MIO-16X or the EXTTRIG input of Lab and 1200 Series devices, NI-DAQ acquires
an additional number of data points specified by ptsAfter Stoptrig beforethe acquisition
terminates. DAQ_Check or Lab_| SCAN_Check will rearrange the data into
chronological order (from oldest to newest) and return with the status parameters equal
to one when called after termination.

Calling DAQ_St opTri gger _Conf i g with stopTrig set to O returns the acquisition
mode to its default, acyclical setting.

Y ou cannot use pretrigger mode in conjunction with the external conversion method on
the M10-16/16D devices.

(E Series devices only) If you use this function with stopTrig = 1, the device uses an
active high signal from the PFI 1 pin as the stop trigger. This selection is consistent with
the M10-16/16D boards. After calling thisfunction, you can usethe Sel ect _Si gnal
function to take advantage of the DAQ-STC signal routing and polarity selection
features.
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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
adisk file. DAQ_t o_Di sk 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 datafile to be created
count u32 number of samples to be acquired
sampleRate f64 ratein units of pts/s
concat i16 enables concatenation to an existing file

Parameter Discussion

chan is 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 using SCXI _Si ngl e_Chan_Set up
before calling this function. Please refer to the NI-DAQ User Manual for PC
Compatibles for more information on SCXI channel assignments.

Range: See Table B-1 in Appendix B.

gain isthe gain setting to be used for that channel. This gain setting applies only to the

DAQ device; if SCXI isused, you must establish any gain at the SCXI module either by
setting jumpers on the module or by calling SCXI _Set _Gai n. Refer to Appendix B,
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Analog Input Channel and Gain Settings and Voltage Calculation, for valid gain
settings. If you useinvalid gain settings, NI-DAQ returnsan error. NI-DAQ ignoresgain
for 516 and LPM devices and the DAQCard-500/700.

count is the number of samples to be acquired (that is, the number of A/D conversions
to be performed). The length of your datafile in bytes should be exactly twice the value
of count upon completion of the acquisition. If you have previously enabled pretrigger
mode (by acall to DAQ St opTri gger _Confi g), NI-DAQ ignores the count
parameter.
Range:  3through 232 - 1 (except the E Series devices).

2 through 224 (E Series devices).

sampleRate is the sample rate you want in units of pts/s.

Range: Roughly 0.00153 pts/s through 500,000 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 will
depend on the baud rate setting and count. Refer to the SCXI-1200 User
Manual for more details.

concat enables concatenation of datato an existing file. Regardless of the value of
concat, if the file does not exist, it is created.

0: Overwritefileif it exists.

1 Concatenate new data to an existing file.

Using This Function

DAQ_t o_Di sk initiates a synchronous process of acquiring A/D conversion samples
and storing them in a disk file. DAQ_t o_Di sk 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: I f you select external start triggering for the DAQ operation, a high-to-low
edge at the STARTTRIG* /O connector of the MIO-16/16D, the
EXTTRIG* input of the AT-MIO-16F-5, AT-M|O-64F-5, and
AT-MI0O-16X, or alow-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
Sel ect _Si gnal or DAQ _Conf i g functionsto initiate data acquisition.
If you are using all E Series devices, seethe Sel ect _Si gnal function
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for information about the external timing signals. Be aware that if you do
not apply the start trigger, DAQ t o_Di sk doesnot return control to your
application. Otherwise, DAQ t o_Di sk issuesa softwaretrigger toinitiate
the DAQ operation.

If you enable pretrigger mode, the sample counter does not begin counting acquisitions
until you apply asignal 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 of the
count parameter when you enable pretrigger mode. If you do not apply the stop trigger,
DAQ t o_Di sk returnscontrol to your application because, you eventually will run out
of disk space.

Inany case, you canuse Ti meout _Conf i g to establish amaximum length of timefor
DAQ t o_Di sk to execute.
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Format

status= DAQ_V Scale (deviceNumber, chan, gain, gainAdjust, offset, count, binArray,
VoltArray)

Purpose

Convertsthe 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 116 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 of binArray and voltArray
binArray [i16] acquired binary data
Output
Name Type Description
VoltArray [f64] double-precision values returned
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Parameter Discussion
chan isthe onboard channel or AMUX channel on which the binary data was acquired.
For devices other than AT-MI10-16X, AT-MI0-64F-5, and E Series devices, this
parameter is ignored because the scaling calculation is the same for all of the channels.
However, you are encouraged to pass the correct channel number.

gain isthe gain setting at which NI-DAQ acquired the datain binArray. If you used
SCXI to take the reading, this gain parameter should be the product of the gain on the
SCXI module channel and the gain used by the DAQ device.

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

offset is the binary offset that needs to be subtracted from reading. Refer to

Appendix B, Analog Input Channel and Gain Settings and Voltage Calculation, for the
procedure for determining offset. If you do not want to do any offset compensation,
offset must be set to zero. The data type is double to allow for offset fractional LSBs.
For example, you could use DAQ _Op to acquire many samples from a grounded input
channel and average them to obtain the offset.

binArray isan array of acquired binary data.

voltArray is an array of double-precision values returned by DAQ VScal e and isthe
voltage representation of binArray.

Using This Function

Refer to Appendix B, Analog Input Channel and Gain Settings and Voltage Calculation,
for the formula used by DAQ VScal e to calculate voltage from binary reading.
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Format
status = DIG_Block_Check (deviceNumber, group, remaining)

Purpose
Returns the number of items remaining to be transferred after aDl G_Bl ock I n or
DI G_Bl ock_Qut call.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
group i16 group
Output
Name Type Description
remaining u32 number of items yet to be transferred

Parameter Discussion
group isthe 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 equal to remaining multiplied by the value of groupSize
specified inthe call to DI G_Gr p_Confi g or DI G_SCAN_Set up.

Note: C Programmers.—remaining is a pass-by-reference parameter.
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Using This Function
DI G_BI ock_Check monitors an asynchronous transfer of data started viaa
Dl G Bl ock_I nor Dl G Bl ock_Cut call. If NI-DAQ has completed the transfer,
DI G_Bl ock_Check automatically callsDI G_Bl ock_Cl ear , which permits
NI-DAQ to make a new block transfer call immediately.
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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 116 assigned by configuration utility
group i16 group

Parameter Discussion
group isthe 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
DI G Bl ock_Qut or DI G Bl ock_InbyacaltoAlign_DVMA Buffer,
DI G_Bl ock_Cl ear unalignsthat buffer before returning. Unaligning a buffer means
that the data is shifted so that the first data point is located at buffer[0].

After NI-DAQ has started a block transfer, you must call DI G Bl ock_Cl ear before
NI-DAQ can initiate another block transfer. Notice that DI G_BlI ock_Check makes
this call for you when it sees that NI-DAQ has completed a transfer.

DI G Bl ock_Cl ear 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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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
Output
Name Type Description
buffer [i16] data obtained by reading the group

Parameter Discussion
group is the group to be read from.

Range: 1 or 2 for most devices.

1 through 8 for DIO-96.

buffer isan integer array that contains the data obtained by reading the group indicated
by group. For the DIO-32F and DIO-32HS, NI-DAQ uses all 16 bits in each buffer

element. Therefore, the size of the array, in bytes, must be at least count multiplied by
the size of group. 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 twice count multiplied

by the size of group.
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count isthe number of items (for example, 8-bit itemsfor agroup of size 1, 16-bit items
for agroup of size 2, and 32-bit items for a group of size 4) to be transferred to the area
of memory specified by buffer from the group indicated by group.

Range: 2 through 232- 1.

Using This Function

DI G_Bl ock_|I n initiates an asynchronous transfer of data from a specified group to
your buffer. The hardware is responsible for the handshaking details. Call

DI G_Gr p_Confi g forthe DIO-32F and the DIO-32HS, or DI G_SCAN_Set up for all
other devices at least once before calling DI G Bl ock_In.DI G Grp_Confi g and
DI G_SCAN_Set up select the group configuration for handshaking.

If you use a DIO-32F or DIO-32HS, DI G_Bl ock_I n writes data to all bytes of your
buffer regardless of the group size. If the group sizeis 1 (which is supported only by the
DIO-32HS), DI G_Bl ock_I n writesto the lower eight bits of buffer[0] on the first
read from the group and the upper eight bits of buffer[0] on the second read from the
group. For example, if the first read acquired is OxCD and the second data acquired is
OxAB, buffer[0] isOXABCD. If group sizeis2, DI G_BI ock_I n writes datafrom the
lower port (port O or port 2) to the lower eight bits of buffer [0] and datafrom the higher
port (port 1 or port 3) to the upper eight bits of buffer [0]. If group sizeis 4,

DI G_Bl ock_I n writesthedatafrom ports0and 1 to buffer [0] and the datafrom ports
2 and 3 to buffer [1].

Note: On the DIO-32F, you cannot use DI G_BI ock_1 n with a group of
size=1.0n the DIO-32HS, you can use DI G_BI ock_I n with a group of
Size = 1, but count must be even, in this case.

If you use any device but aDIO-32F or DIO-32HS, 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 sizeis 2, the lower byte of buffer[0] receives data
from the first port in the group and the lower byte of buffer[1] receives data from the
second port. NI-DAQ sets the upper bytes of buffer[0] and buffer[1] to 0.

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 portsto the specified
group, NI-DAQ does not perform the operation and returns an error. Y ou can call

DI G_BI ock_Check to monitor the status of atransfer initiated by DI G_Bl ock_1I n.
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If previously enabled, pattern generation for the DIO-32F or the DIO-32HS, begins
when you execute DI G_Bl ock_| n. See Pattern Generation 1/0O with the DIO-32F and
DIO-32HSin Chapter 3, Software Overview, of the your NI-DAQ User Manual for PC
Compatibles for 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, seethe Set _DAQ Devi ce_| nf o function. The second
option, aligning your buffer, works only for buffers up to 64K in size.

For an AT-DIO-32F, you can align your buffer by calling Al i gn_DMA_Buf f er . If
you have aligned your buffer withacall to Al i gn_DMA_Buf f er and have not called
DI G Bl ock_Cl ear (either directly or through DI G_Bl ock_Check) to unalign the
data, you must use the value of alignindex return by Al i gn_DMA_Buf f er to access
your data. In other words, datain an aligned buffer begins at buffer[alignlndex]. Data
in an unaligned buffer begins at buffer [0].

Note: Because of a DMA limitation when using the AT-DI O-32F,
DI G Bl ock_I n will not work with groups of size= 1.

Note: If you areusing an SCXI1-1200 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 bound for
count dependson thegroupSizeset in DI G_SCAN_Set up (for example, if
groupSize = 2, count < 2,500).

© National Instruments Corporation 2-159 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

DIG_Block_Out

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 116 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 isthe group to be written to.

Range: 1 or 2 for most devices.
1 through 8 for DIO-96.

buffer isan integer array containing your data. NI-DAQ writes the data in this array to
the group indicated by group. For the DIO-32F, NI-DAQ uses all 16 bitsin each buffer
element. Therefore, the size of the array, in bytes, must be at least count multiplied by
the size of group. 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 of group.

count isthe number of items (for example, 8-bit itemsfor agroup of size 1, 16-bit items
for agroup of size 2, and 32-hit items for a group of size 4) to be transferred from the
area of memory specified by buffer to the group indicated by group.

Range: 2 through 232- 1.
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Using This Function
DI G_BI ock_CQut initiates an asynchronous transfer of data from your buffer to a
specified group. The hardware is responsible for the handshaking details. Call
Dl G_G p_Conf i g for the DIO-32F and the DIO-32HS, or DI G_SCAN_Set up for
the other devices at least once before calling DI G_Bl ock_Qut . DI G_Gr p_Confi g
and DI G_SCAN_Set up to select the group configuration for handshaking.

If you use a DIO-32F or aDIO-32HS, NI-DAQ writes all bytesin your buffer to the
group regardless of the group size. If the group size is one (which is supported only by
the DIO-32HS), DI G_Bl ock_Qut writesthelower eight bits of buffer[0] to the group
on the first write and the upper eight bits of buffer[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 sizeis 2,

DI G_Bl ock_Qut writes datafrom the lower eight bits of buffer [0] to the lower port
(port O or port 2) and data from the upper eight bits of buffer [O] to the higher port (port
1 or port 3). If group sizeis4, DI G_Bl ock_CQut writes datafrom buffer[0] to ports O
and 1 and data from buffer[1] to ports 2 and 3.

If you use any device but a DIO-32F or a DIO-32HS, NI-DAQ writes the lower byte of
each buffer element to the group in the order indicated in portList when you call

DI G_SCAN_Set up. If the group size is two, on the first write DI G_Bl ock _Qut
writes the lower byte of buffer[0] to the first port on portList and the lower byte of
buffer[1] to the last port on portList. For example, if buffer[0] = OXABCD and
buffer[1] is0x1234, NI-DAQ writes OxCD to thefirst port on portList, and writes 0x34
to the last port on 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 portsto the specified
group, NI-DAQ does not perform the operation and returns an error. Y ou can call

DI G_Bl ock_Check to monitor the status of atransfer initiated by DI G_Bl ock_Qut .

If you have previously enabled pattern generation on a DIO-32F or a DIO-32HS, the
generation takes effect upon the execution of DI G_Bl ock_Qut . To avoid delays due
to DMA reprogramming, you can use dual DMA (see the Set _DAQ Devi ce_I nfo
function), or you can align your datausing the Al i gn_DMA_Buf f er function. Seethe
Pattern Generation 1/0O with the DIO-32F and DIO-32HS section in Chapter 3, Software
Overview, of the NI-DAQ User Manual for PC Compatibles for important information
about pattern generation.
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Note: Because of a DMA limitation when using the AT-DI1O-32F,

DI G Bl ock_Qut will not work with groups of size = 1.

= 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 output, you are limited to 5,000 bytes of data. The upper bound
for count depends on the groupSize set in DI G_SCAN_Set up (for
example, if groupSize = 2, count < 2,500).
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Format

status = DIG_Block_PG_Config (deviceNumber, group, config, reqSour ce, timebase,
reglnterval, externalGate)

Purpose
Enables or disables the pattern generation mode of buffered digital 1/0. When pattern
generation isenabled, thisfunction al so determinesthe source of the request signals and,
if these are 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
reglnterval ul6 number of timebase units between request
signals
externalGate i16 enables or disables external gating

Parameter Discussion

group isthe group for which pattern generation is to be enabled or disabled.
Range: lor2.

config is aflag that enables or disables pattern generation.
0: Disable pattern generation.
1 Enable pattern generation using double-buffered output (input is always
double-buffered).
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2: Enable pattern generation using single-buffered output (input is always
double-buffered).

reqSour ce determines the source of the request signals.
0: Internal (from the onboard counters).
1: External (from the signal connected to the REQ pin on the /O connector).

If request signals areinternally generated, nothing must be connected to the REQ pin on
the 1/0O connector. If request signals are externally generated, the signal connected to the
REQ pin produces the request pulses (default polarity is active high).

timebase determines the amount of time that elapses during a single reqglnterval. The
following values are possible for timebase:
-3: 50us (DIO-32HS only).
1 ps.
10 ps.
100 ps.
1ms.
10 ms.

reglnterval isacount of the number of timebase units of time that elapses between
internally produced request signals.
Range: 2 through 65,535.

externalGate is 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 INx must be high to enable the pattern. The
DIO-32HS uses triggering instead of gating; for more information, refer to the

DI G_Tri gger _Confi g function.

Using This Function
Dl G_Bl ock_PG_Conf i g enables or disables the pattern generation mode of digital
I/0. If the config parameter equals 1 or 2, any subsequent DI G_Bl ock_I n or
DI G_Bl ock_Qut call initiates a pattern generation operation. Pattern generation
differs from handshaking 1/0 in that NI-DAQ produces the request signals at regularly
clocked intervals. If reqSource equals 0, the timebase parameter equals 2, and the
reglnterval parameter equals 10, NI-DAQ reads a new pattern from or writes a pattern
to agroup every 100 ps.
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On the DIO-32F, the advantage of using double-buffered output isthat the variability in
update intervalsis reduced to an absolute minimum, producing the highest quality
output at high update rates. The disadvantage isthat the first ACK pulse produced by the
device is not preceded by the first pattern. Instead, the second ACK pulse signals the
generation of thefirst pattern. Also, thelast 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 afinal ACK pulse. The disadvantage of single-buffered output is
that at high update rates, variationsin DMA bus arbitration times can increase the
variability in update intervals, reducing the overall quality of the digital patterns.

On the DIO-32HS, output is always double-buffered, thus minimizing the variability in
update intervals. In addition, the ACK pulse irregularities are not present. Thus, values
1 and 2 for the config parameter are equivalent for the DIO-32HS.
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Format
status=DIG_DB_Config (deviceNumber, group, dbMode, oldDataStop, partial Transfer)

Purpose
Enables or disables double-buffered digital transfer operations and sets the
double-buffered options.

Parameters
Input
Name Type Description

deviceNumber 116 assigned by configuration utility

group i16 group

dbMode i16 enable or disable double-buffered mode

oldDataStop 116 enable or disable regeneration of old data

partialTransfer i16 enable or disable transfer of final partial half
buffer

Parameter Discussion

group isthe group to be configured.
Range: lor?2.

dbM ode indicates whether to enable or disable the double-buffered mode of digital
transfer.

0: Disable double buffering (default).

1 Enable double buffering.

oldDataStop is aflag whose value enables or disables the mechanism whereby the
function stopsthe digital block output when NI-DAQ isabout to output old dataasecond
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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partial Transfer is aflag whose value enables or disables the mechanism whereby
NI-DAQ can transfer afinal partial half buffer to the digital output block through a
DI G_DB_Tr ansf er call. The function stops digital block output when NI-DAQ has
output the partial half. Thisfield isignored for input groups.

0: Disallow partial half buffer transfer.

1 Allow partial half buffer transfer.

Using This Function

Double-buffered digital block functionscyclically input or output digital datato or from
abuffer. 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 DI G_DB_Tr ansf er to save or write the data as NI-DAQ is
inputting or outputting the data. You should call DI G_Cl ear to stop the continuous
cyclical double-buffered digital operation started by DI G_Bl ock_Qut or

DI G Bl ock_In.

Refer to Chapter 5, NI-DAQ Double Buffering, of the NI-DAQ User Manual for PC
Compatibles for an explanation of double buffering.

For the AT-DIO-32F and AT-DIO-32HS, enabling either oldDataStop 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 only enable these options
if necessary.
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Format

status=DIG_DB_HalfReady (deviceNumber, group, halfReady)

Purpose

Checks whether the next half buffer of datais available during adouble-buffered digital
block operation. You can use DI G_DB_Hal f Ready to avoid the waiting period that
can occur because DI G_ DB _Tr ansf er waitsuntil NI-DAQ can transfer the data

before returning.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
group i16 group
Output
Name Type Description
halfReady i16 whether the next half of datais available

Parameter Discussion
group is the group to be configured.
Range: lor2.

halfReady indicates whether the next half buffer of datais available. When halfReady
equals one, you canuse DI G_DB_Tr ansf er to read or write the data immediately.
When halfReady equals zero, the data is not yet available.

Note: C Programmers—halfReady is a pass-by-reference parameter.
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Using This Function
Double-buffered digital block functions cyclically input or output digital datato 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 datain 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 olddata. UseDlI G_DB_Tr ansf er tosaveor writethedataNI-DAQ isinputting
or outputting the data. Thisfunction, when called, waits until NI-DAQ can complete the
datatransfer before returning. During slower paced digital block operations thiswaiting
period can be significant. You can use DI G_ DB _Hal f Ready so that the transfer
functions are called only when NI-DAQ can make the transfer immediately.

Refer to Chapter 5, NI-DAQ Double Buffering, of the NI-DAQ User Manual for PC
Compatibles for an explanation of double buffering.

© National Instruments Corporation 2-169 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

DIG_DB_Transfer

Format
status=DIG_DB_Transfer (deviceNumber, group, halfBuffer, ptsTfr)

Purpose
For an input operation, DI G_DB_Tr ansf er waitsuntil NI-DAQ can transfer half the
datafrom the buffer being used for double-buffered digital block input to another buffer,
which NI-DAQ passes to the function. For an output operation, DI G_DB_Tr ansf er
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. Y ou can execute
DI G_ DB _Transf er repeatedly to read or write sequential half buffers of data.

Parameters
Input
Name Type Description
deviceNumber 116 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 dataisto be
transferred

Parameter Discussion

group isthe group to be configured.
Range: lor2.

halfBuffer isthe integer array to which or from which NI-DAQ is to transfer 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.
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ptsTfr isonly used for output groups with partial transfers enabled. If you have set the
partial transfer flag, NI-DAQ can make atransfer to the digital output buffer of lessthan
or equal to half the buffer size, as specified by thisfield. However, the function will halt
the double-buffered digital operation when NI-DAQ makes a transfer of less than half
the buffer size. NI-DAQ ignores this field for all other cases (input or output without
partial transfers 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 set the partial transfer flag for an output group, the ptsTfr field allows
NI-DAQ to make transfers of less than half the buffer size to an output buffer. Thisis
useful when NI-DAQ must output along stream of data but the amount of datais not
evenly divisible by half the buffer size. If ptsTfr isequal to half the buffer size, the
transfer isidentical to atransfer without the partial transfer flag set. If ptsTfr islessthan
half the buffer size, however, NI-DAQ makes the transfer to the circular output buffer
and altersthe DMA reprogramming information so that the digital output operation will
halt after the new data is output.

Refer to 5, NI-DAQ Double Buffering, of the NI-DAQ User Manual for PC Compatibles
for an explanation of double buffering and possible error and warning conditions.
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Format
status=DIG_Grp_Config (deviceNumber, group, groupSize, port, dir)

Purpose
Configuresthe specified group for port assignment, direction (input or output), and size.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
group i16 group
groupSize i16 size of the group
port 116 digital 1/0 port assigned to the group
dir i16 input or output

Parameter Discussion
group isthe group to be configured.
Range: 1 or 2 for most devices.
1 through 8 for DIO-96.

groupSize indicates the size of the group. The following values are permitted for

groupSize:
0: Unassign any ports previously assigned to group.
1 One port assigned (8-bit group) to group.

2: Two ports assigned (16-bit group) to group.

4. Four ports assigned (32-bit group) to group.

= Note: For the DIO-32F, you must use port =0 or 1if group =1, and
port =2 or 3if group = 2.
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Note: Block operationsarenot allowed for groupsof size=1. For theDIO-32HS,
you can use block operations for groups of size 1 if you set group = 1 and
port =0, or group = 2 and port =2.

port indicates the digital 1/0 port or ports assigned to the group. The assignments made
depend on the values of port and of groupSize:
groupSize=1 port = 0 assigns port 0.

port = 1 assigns port 1.

port = 2 assigns port 2.

port = 3 assigns port 3.

groupSize=2 port = 0 assigns ports 0 and 1.
port = 2 assigns ports 2 and 3.
groupSize=4 port = 0 assigns ports 0, 1, 2, and 3.

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 the double-buffering hardware latch
disabled.
4: Port is configured as an output port with the double-buffering hardware on,
for the DIO-32HS.

Using This Function

DI G_Gr p_Conf i g configures the specified group according to the port assignment
and direction. If groupSize = 0, NI-DAQ releases any ports assigned to the group
specified by group and clears the group handshake circuitry. If groupSize =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 usingtheDI G I n_Grpand DI G_Qut _Grp ortheDI G Bl ock_I n and

DI G_Bl ock_Qut functions. NI-DAQ can no longer access any ports assigned to a
group through any of the nongroup calls listed previously. Only the DI G_BI ock 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-32HS and intend to perform block 1/0,
you can use a group size of 6. After system startup, no ports are assigned to groups. See
your board’s user manual for information about group handshake timing.
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Format
status=DIG_Grp_Mode (deviceNumber, group, protocol, edge, reqPol, ackPol, delayTime)

Purpose
Configures the specified group for handshake signal modes.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
group i16 group
protocol i16 basic handshaking system
edge 116 rising-edge or falling-edge pulsed signals
reqPol i16 request signal isto be active high or active low
ackPol i16 acknowledge handshake signal isto be active
high or active low
delayTime 116 data settling time allowed

Parameter Discussion

group isthe group to be configured.
Range: lor2.

protocol indicates whether the group is to be configured for level or pulsed
(edge-triggered) handshake signals.
Range is 0 through 3 for the DIO-32F, or 0 through 5 for the DIO-32HS.
0: Group is configured for Hel d_Ack output drivers’ handshake protocols
(output groups only).
1 Group is configured for pulsed _Ack handshake protocols.
2: Group is configured for pulsed _Ack handshake protocols with variable
ACK pulse width.
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3 Group is configured to emulate 8255 (PC-DI0O-24) handshake timing.

4. Group is configured to emulate 8255 (PC-DI0-24) handshake timing with
tristate data.

5: Group is configured for synchronous burst handshaking.

Note: This function does not support variable-length ACK pulse width
(signal = 2) on AT-DIO-32F Revision B and earlier.

edge indicates whether the group is to be configured for |eading-edge or trailing-edge
pulsed signals. edgeisvalid only if protocol =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 width (protocol = 2).

regPol indicates whether the group request signal is to be active high or active low.
regPol isvalid only if protocol =0, 1, or 3.

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.

ackPol indicates whether the group acknowledge handshake signal is to be active high
or active low. ackPol isvalid only if protocol =0, 1, or 2.
0: Group is configured for active high (non-inverted) acknowledge handshake
signal polarity.
1 Groupisconfigured for active low (inverted) acknowledge handshake signal
polarity.

ackDelayTimeindicates the data settling time allowed for the group. If protocol equals
0 or 1, the value of ackDelayTime specifies the number of 100 nsintervals that elapse
until NI-DAQ generates the ACK signal. If protocol is 2, the value of ackDelayTime
specifies the duration of the ACK pulse.
Range: 0 through 7.

0: No settling time.

7: 700 ns settling time.
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Using This Function

DI G_Gr p_Mbde configures the group handshake signals according to the specified
parameters with respect to the specified port assignment and direction. After
initialization, the default handshake mode for ea ch group is as follows:

protocol = 0: Hel d_Ack handshake protocols.

edge = 0: edge parameter not valid because protocol = 0.

reqPol = 0: Request handshake signal is not inverted (active high).

ackPol = 0: Acknowledge handshake signal is not inverted (active high).
delayTime = 0: Settling timeisO ns.

Youneedto call DI G_Gr p_Mbde only if you need different handshake modes. 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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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-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: lor2.

handshakeStatus returns the handshake status of the group. handshakeStatus can be
either 0 or 1. The significance of handshakeStatus depends on the configuration of the
group. If the group is configured as an input group, handshakeStatus = 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 group, handshakeStatus = 1 indicates that the group is ready
to accept output data and that NI-DAQ can write new data to the group.

Gy Note: C Programmers—handshakeStatusis a pass-by-reference parameter.
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Using This Function
DI G_Gr p_St at us reads the handshake status of the specified group and returns an
indication of the group status in handshakeStatus. DI G_Gr p_ St at us, along with
DI G Qut _GrpandDl G I n_Grp, facilitates handshaking of digital data between
systems. If the specified group is configured asan input groupand DI G_Gr p_St at us
returns handshakeStatus=1, DI G_| n_Gr p can fetch the data an external device has
latched in. If the specified group is configured as an output group and
DI G_Prt _St at us returns handshakeStatus= 1, DI G_Qut _Gr p can write the next
piece of datato the external device. If the specified group is not assigned any ports,
NI-DAQ returns an error code and handshakeStatus = 0.

You must call DI G_Gr p_Confi g to assign ports to agroup and to configure a group
for data direction. Group configuration is discussed under the DI G_Gr p_Confi g
description.

For the DIO-32F, the state of handshakeStatus corresponds to the state of the DRDY
bit. Refer to your device' s user manual for handshake timing details.
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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 dataread from the ports

Parameter Discussion

group isthe group to be read from.

Range: lor2.

groupPattern returns the digital dataread from the ports in the specified group.
groupPattern is mapped to the digital input ports making up the group in the following

way:

» |If the group contains one port, NI-DAQ returns the eight bits read from that port in
the low-order eight bits of groupPattern.

» |If thegroup containstwo ports, NI-DAQ returnsthe 16 bits read from those portsin
the following way: if the group contains ports 0 and 1, NI-DAQ returns the value
read from port 0 inthelow-order eight bits, and NI-DAQ returnsthe value read from
port 1 in the high-order eight bits. If the group contains ports 2 and 3, NI-DAQ
returns the value read from port 2 in the low-order eight bits, and NI-DAQ returns
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the value read from port 3 in the high-order eight bits. NI-DAQ reads from the two
ports simultaneously.

« |f the group contains four ports, NI-DAQ returns a deviceSupportError. Use
DI G Bl ock I n to read a group containing four ports.

Note: C Programmers—qgroupPattern is a pass-by-reference parameter.

Using This Function

Dl G_| n_Gr p 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 call DI G_Gr p_Confi g
to assign ports to a group and to configure the group as an input or output group.
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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 1/0 port number
line i16 digital lineto be read
Output
Name Type Description
state i16 returns the digital logic state

Parameter Discussion
port isthe digital 1/0 port number.

Range:

© National Instruments Corporation

Oor 1forthe AT-AO-6/10, DAQCard-500/700, PC-T10-10, PC-OPDIO-186,
AO-2DC, Am9513-based, 516 and LPM devices.

0 for the E Series devices, except the AT-MI0O-16DE-10.

0 through 2 for the DIO-24 and Lab and 1200 series devices.

0 and 2 through 4 for the AT-M10-16DE-10.

0 through 3 for the VXI-AO-48XDC.

0 through 4 for the DIO-32F, DIO-32HS, and AT-M|0-16D.

0 through 11 for the DIO-96.

0 through 15 for the VX1-DIO-128.
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lineisthedigital line to be read.
Range: 0 through k-1, where k is the number of digital 1/0 lines making up the port.

state returns the digital logic state of the specified line.
0: The specified digital lineis at adigital logic low.
1: The specified digital lineis at adigital logic high.

Note: C Programmers—state is a pass-by-reference parameter.

Using This Function

DI G_I n_Li ne returnsthedigital logic state of the specified digital linein 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
lineis configured for output 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 awarning line configured for output on the PC-T10-10 or an E Series device
returns awarning stating that NI-DAQ has read an output line.
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Format

status=DIG_In_Port (deviceNumber, port, pattern)

Purpose

Returns digital input data from the specified digital 1/0 port.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
port i16 digital 1/0 port number
Output
Name Type Description
pattern i16 8-bit digital data read from the specified port

Parameter Discussion
port isthe digital I/O port number.

Range:

Oor 1forthe AT-AO-6/10, DAQCard-500/700, PC-T10-10, PC-OPDIO-186,
516 devices, AO-2DC, Am9513-based M10O devices, and LPM devices.

0 for the E Series devices, except the AT-MI10O-16DE-10.

0 through 2 for the DIO-24 and Lab and 1200 series devices.

0 and 2 through 4 for the AT-MI10-16DE-10.

0 through 3 for the VXI-AO-48XDC.

0 through 4 for the DIO-32F, DIO-32HS, and AT-MI0-16D.

0 through 11 for the DIO-96.

0 through 15 for the VXI-DIO-128.

pattern returns the 8-bit digital dataread from the specified port. NI-DAQ maps
pattern to the digital input lines making up the port such that bit 0, the least significant
bit, correspondsto digital input line 0. The high eight bits of pattern arealwaysO. If the
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port is less than eight bits wide, NI-DAQ also sets the bits in the low-order byte of
pattern that do not correspond to linesin the port to 0. For example, because ports 0 and
1 on the Am9513-based boards are four bits wide, only bits O through 3 of pattern
reflect the digital state of these ports, while NI-DAQ sets all other bits of pattern to 0.

= Note: C Programmers—pattern is a pass-by-reference parameter.

Using This Function
DI G_I n_Port readsdigital datafrom 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
awarning that NI-DAQ has read an output port.
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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 1/0 port number
line i16 digita line
dir i16 direction, input, or output

Parameter Discussion
port isthe 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-32HS and the V X1-AO-48XDC.
0 through 15 for the VX1-DIO-128.

lineisthedigital line for which to configure.
Range: 0 through 7.

dir indicates the direction, input or output, to which the line is to be configured.
0: Lineis configured as an input line (default).
1 Lineis configured as an output line.

Using This Function

With this function, a PC-TIO-10, DIO-32HS, VXI-AO-48XDC, or E Series port can
have any combination of input and output lines. UseDl G Prt _Confi g tosetall lines
on the port to be either all input or all output lines.
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Format
status=DIG_Out_Grp (deviceNumber, group, groupPattern)

Purpose
Writes digital output data to the specified digital group.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
group i16 group
groupPattern i16 digital datato be written

Parameter Discussion

group isthe group to be written to.
Range: lor2.

groupPattern isthe digital datato 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 eight bits of
groupPattern to that port.

e If thegroup containstwo ports, NI-DAQ writesall 16 bits of groupPattern to those
ports. If the group contains ports 0 and 1, NI-DAQ writes the low-order eight bits
to port 0 and the high-order eight bitsto port 1. If the group contains ports 2 and 3,
NI-DAQ writesthe low-order eight bitsto port 2 and the high-order eight bitsto port
3. NI-DAQ writes to the two ports simultaneously.

« |If the group contains four ports, NI-DAQ returns a deviceSupportError. use
DI G Bl ock _Qut to write to a group containing four ports.
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Using This Function

DI G_Qut _Gr p writesthe specified digital datato 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 portsto the specified
group, NI-DAQ does not perform the operation and returns an error. Y ou must call

DI G_Gr p_Confi g to configure a group.
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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 116 assigned by configuration
utility
port i16 digital 1/0 port number
line i16 digita output line
state 116 new digital logic state

Parameter Discussion

port isthe digital I/O port number.
Range: Oor 1forthe AT-AO-6/10, DAQCard-500/700, PC-TIO-10, PC-OPDIO-16,
516 devices, AO-2DC, Am9513-based M10 devices, and LPM devices.
0 for the E Series devices, except the AT-MI0O-16DE-10.
0 through 2 for the DIO-24 and Lab and 1200 series devices.
0 and 2 through 4 for the AT-M10-16DE-10.
0 through 3 for the VXI-AO-48XDC.
0 through 4 for the DIO-32F, DIO-32HS, and AT-MI10-16D.
0 through 11 for the DIO-96.
8 through 15 for the VX1-DIO-128.

lineisthe digital output line to be written to.
Range: 0 through k-1, where k is the number of digital 1/0 lines making up the port.
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state contains the new digital logic state of the specified line.
0: The specified digital lineis set to digital logic low.
1 The specified digital lineis set to digital logic high.

Using This Function
DI G_Qut _Li ne setsthedigital line in the specified port to the specified state. The
remaining digital output lines making up the port are not affected by thiscall. If the port
isconfigurable 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-TI10-10, the DIO-32HS,
the VXI-AO-48XDC, or an E Series device, youmust call DI G Prt _Confi g to
configure adigital 1/0 port as an output port. On the PC-TI10-10, DIO-32HS,
VXI-AO-48XDC, or an E Series device, you need only configure the specified line for
output using DIl G Prt _ConfigorDl G Li ne_Config.

% Note Connecting one or more AMUX-64T boardsor an SCXI chassistoan MI1O
or Al devicecausesDI G_Qut _Li ne toreturn abadlnputValError when
called with port equal to 0 and line equal to one of the following values:

One AMUX-64T board:device—line equal to O or 1.

Two AMUX-64T boards:boards—line equal to O, 1, or 2.

Four AMUX-64T boards—line equal to 0, 1, 2, or 3.

An SCXI chassis—line equal to 0, 1, or 2 (and 4 for the E Series devices

only).
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Format
status=DIG_Out_Port (deviceNumber, port, pattern)

Purpose
Writes digital output data to the specified digital port.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
port i16 digital 1/0 port number
pattern i16 8-bit digital pattern for the data written

Parameter Discussion

port isthe digital I/O port number.

Range: Oor 1forthe AT-AO-6/10, DAQCard-500/700, PC-TI0-10, PC-OPDIO-16,
516 devices, AO-2DC, Am9513-based M10 devices, and LPM devices.
0 for the E Series devices, except the AT-MIO-16DE-10.
0 through 2 for the DIO-24 and Lab and 1200 series devices.
0 and 2 through 4 for the AT-MI10-16DE-10.
0 through 3 for the VXI1-AO-48XDC.
0 through 4 for the DIO-32F, DIO-32HS, and AT-MI0-16D.
0 through 11 for the DIO-96.
8 through 15 for the VXI-DIO-128.

pattern isthe 8-hit digital pattern for the data written to the specified port. NI-DAQ
ignores the high eight bits of pattern. NI-DAQ mapsthe low eight bits of pattern to the
digital output lines making up the port so that bit 0, the least significant bit, corresponds
to digital output line 0. If the port isless than eight bits wide, fewer than eight pattern
bits affect the port, or some of the bits are not configured for port outport. For example,
because ports 0 and 1 on the Am9513-based boards are four bits wide, only bits 0
through 3 of pattern affect the digital output state of these ports.
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Using This Function

DI G_Qut _Port writesthe specified digital datato 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. Y ou must call

DI G Prt _Confi g to make aconfigurable digital 1/0 port as an output port. Using
DI G_CQut _Port on aport with acombination of input and output lines returns a
warning that some lines are configured for input.

Port 4 of the DIO-32F or DIO-32HS is not a configurable port and does not require a
DI G Prt _Confi g call. On aDIO-32HS, 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.

Note: I f you have connected one or more AMUX-64T boardsor an SCXI chassis
to your Am9513-based M10O devices, DI G Qut _Port returnsa
badPortError if called with port equal to 0.
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Format
status=DIG_Prt_Config (deviceNumber, port, mode, dir)

Purpose

Configures the specified port for direction (input or output). DI G_Prt _Confi g also
sets the handshake mode for the DIO-24, AT-MI0-16D, AT-MI0-16DE-10, DIO-96,
and Lab and 1200 series devices.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
port i16 digital 1/0 port number
mode i16 handshake mode
dir 116 direction, input, or output

Parameter Discussion

port isthedigital I/O port number.
Range: Oor 1forthe AT-AO-6/10, DAQCard-500/700, PC-TIO-10, PC-OPDIO-16,
516 devices, AO-2DC, Am9513-based M10 devices, and LPM devices.
0 for the E Series devices, except the AT-MI0O-16DE-10.
0 through 2 for the DIO-24 and Lab and 1200 series devices.
0 through 3 for the DIO-32F.
0 and 2 through 4 for the AT-M10-16DE-10.
0 through 3 for the VXI-AO-48XDC.
0 through 4 for the AT-M10-16D.
0 through 11 for the DIO-96.
0 through 15 for the VXI-DIO-128.

mode indicates the handshake mode that the port uses.

0: Port is configured for no-handshaking (nonlatched) mode. Y ou must use
mode = 0 for all other ports and boards. Y ou can use the DIO-32F and
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DI10-32HS for handshaking, but only through the group calls (see
DI G_Grp_Confi g).

1 Port is configured for handshaking (latched) mode. mode = 1 isvalid only
for ports 0 and 1 of the DIO-24 and Lab and 1200 series devices; for ports 2
and 3 of the AT-M10-16D and AT-M10-16DE-10; and for portsO, 1, 3, 4, 6,
7,9, and 10 of the DIO-96.

dir indicatesthe direction, input or output, to which the port isto be configured. dir can
be either 0 or 1.

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-16D 2
AT-MIO-16DE-10 2
Lab and 1200 series devices 0
DIO-24 0
DIO-96 0,3,6,and9

Using This Function
DI G_Prt _Conf i g 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 1/O port isin the DAQ Hardware Overview
Guide, and Chapter 3, Software Overview, of the NI-DAQ User Manual for PC
Compatibles.

For the DIO-24, AT-MI0-16D, DIO-32F, DIO-32HS, DI0O-96, and Lab and 1200 series
devices, DI G_Prt _Conf i g returnsan error if the specified port has been assigned to
agroup by apreviouscall toDI G_Grp_Confi g or DI G_SCAN_Set up.
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DI G_Prt _Confi g aso returns an error for the DIO-32F and DIO-32HS if the
specified port is port 4.

After system startup, the digital 1/0 ports on all the boards supported by this function
are configured as follows:

dir=0:  Input port.

mode = 0: No-handshaking mode.

Also, ports on the DIO-24, AT-MI0-16D, DIO-32F, DIO-32HS, DIO-96, and Lab and
1200 series devices are not assigned to any group. If thisis not the digital 1/0
configuration you want, you must call DI G_Prt _Conf i g to change the port
configuration. You must call DI G_Gr p_Conf i g to use handshaking modes on the
DIO-32F.

Note: AT-MI0O-16D, AT-MI10-16DE-10, Lab and 1200 series, PC-AO-2DC,
PC-DI0O-24/PnP, and DI O-96 users—Because of the design of the Intel
8255 chip, calling thisfunction on one port will reset the output states of
lines on other ports on the same 8255 chip. The other portswill remain in
the same configuration; input ports are not affected. Therefore, you
should configure all ports before outputting data.

1% Note I f you have connected one or more AMUX-64T boards or an SCXI chassis
module to your MIO or Al device, DI G Prt _Confi g returnsa
badPortError if called with port equal to O.

NI-DAQ FRM for PC Compatibles 2-194 © National Instruments Corporation



Chapter 2 Function Reference

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 1/0 port number
Output
Name Type Description
handshakeStatus i16 handshake status

Parameter Discussion
port isthe digital I/0O port number.
Range: 0 or 1 for the DIO-24 and Lab and 1200 series devices.
2 or 3for the AT-MI0O-16D and AT-MIO-16DE-10.
0,1,34,6,7,9, and 10 for the DIO-96.

handshakeStatus returns the handshake status of the port.

0: A port isnot available for reading from an input port or writing to an output
port.

1 A unidirectional port isavailable for reading from an input port or writing to
an output port.

2: A bidirectional port is ready for reading.

3: A bidirectional port is ready for writing.

4. A bidirectional port is ready for reading and writing.
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Note: C Programmers—handshakeStatus is a pass-by-reference parameter.

Using This Function

DI G Prt St at us readsthe handshake status of the specified port and returnsthe port
statusin handshakeStatus. DI G Prt _St at us, alongwithDI G Qut _Port and

DI G | n_Por t, facilitates handshaking of digital data between systems. If the
specified port is configured asan input port, DI G_Prt _St at us indicateswhen to call
DI G | n_Port to fetch the datathat an external device has latched in. If the specified
port is configured as an output port, DI G_Prt _St at us indicates when to call

DI G_Qut _Port towritethe next piece of datato the external device. If the specified
port is not configured for handshaking, NI-DAQ returns an error code and
handshakeStatus = 0.

Refer to your device user manual for handshake timing information. If the port is
configured for input handshaking, handshakeStatus corresponds to the state of the IBF
bit. If the port is configured for output handshaking, handshakeStatus corresponds to
the state of the OBF* bit.

Note: You must call DI G_Prt _Confi g to configure a port for data direction
and handshaking operation.
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Format
status = DIG_SCAN_Setup (deviceNumber, group, groupSize, portList, dir)

Purpose
Configuresthe 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 isthe group to be configured.
Range: 1 or 2 for most devices.
1 through 8 for the DIO-96.

groupSize selects 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 isto unassign any ports previously assigned to group.

portList isthelist of portsin group. The order of the portsin the list determines how
NI-DAQ interleaves data in your buffer when you call DI G_Bl ock_I n or

DI G_Bl ock_Qut . Thelast 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.
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Range: 0 or 1 for most devices.
2 or 3 for the AT-MIO-16D and AT-MI0O-16DE-10.
0,1,3,4,6,7,9, or 10 for the DIO-96.

dir selects the direction, input or output, to which the group 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-16D 2
AT-MIO-16DE-10 2
Lab and 1200 series devices 0
DIO-24 0
DIO-96 0,3,6,and9

Using This Function

DI G_SCAN_Set up configures the specified group according to the specified port
assignment and direction. If groupSize is 0, NI-DAQ releases any ports previously
assigned to group. 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 using

Dl G_Bl ock_I nand DI G_Bl ock_Qut . 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, AT-MI10-16D, AT-MI0O-16DE-10, and Lab and 1200
series devices has its own handshaking circuitry, extra wiring might be necessary to
make datatransfer of agroup with more than one port reliable. If the group has only one
port, no extrawiring is needed.
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Each input port has a different Strobe Input (STB*) control signal.
* PC4 onthel/O connector is for port 0.
* PC2 onthe /O connector is for port 1.

Each input port also has a different Input Buffer Full (IBF) control signal.
* PC5 onthel/O connector is for port 0.
* PC1 onthel/O connector is for port 1.

Each output port has a different Output Buffer Full (OBF*) control signal.
e PC7 onthel/O connector is for port 0.
* PC1 onthel/O connector is for port 1.

Each output port also has a different Acknowledge Input (ACK*) control signal.
* PC6 onthe 1/O connector is for port 0.
* PC2 onthe /O connector is for port 1.

Onthe DIO-96 1/0 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 isthe Output Buffer Full (OBF) control signal
for port 6 and CPC1 is the Output Buffer Full (OBF) for port 7 if both ports are
configured as handshaking output ports.
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If agroup of portsis configured as input, you need to tie all the corresponding Strobe
Input (STB*) together and connect them to the appropriate handshaking signal of the
external device. You should connect only the Input Buffer Full (IBF) of the last port on
portList to the external device. No connection is needed for the IBF of the other port on

portList.
STB* |[¢&——@
Portx1
IBF —
STB* |[€4+——@
Port x 5
IBF —
L]
L]
L]
STB* |« ®
Port x | External Device
IBF -
(last port in portList)

Figure 2-12. Digital Scanning Input Group Handshaking Connections
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If agroup of portsis configured as output, you should not make any connection on the
control signals except those for the last port on portList. You should make the
connection with the external device asif only the last port on portList isin the group.
No connection is needed for any other port on the list.

ACK* [—
Port x 1
OBF* —
ACK* —
Portx2
OBF* |—
L]
L]
L]
ACK* |
Port *n External Device
OBF* >
(last port in portList)

Figure 2-13. Digital Scanning Output Group Handshaking Connections

For DIO-24 users, the correct W1 jumper setting isrequired to allow DI G_Bl ock_1 n
and DI G_BI ock_0Qut to function properly. If port O 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 O is configured as bidirectional on a PC-DIO-24, port 1 will not be
available.
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Format
status=DIG_Trigger_Config (deviceNumber, group, startTrig, startPol, stopTrig,
stopPol, ptsAfter StopTrig, pattern, patternM ask)

Purpose

Sets up trigger configuration for subsequent buffered digital operations with pattern
generation mode only (both internal and external request).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group
startTrig 116 source of start trigger
startPol i16 polarity of start trigger
stopTrig i16 source of stop trigger
stopPal 116 polarity of stop trigger
ptsAfter StopTrig u32 number of pointsto acquire after the trigger
pattern u32 triggering on this pattern
patternMask u32 select bits within the pattern to be compared

Parameter Discussion

startTrig specifies the source of the start trigger.
0: Software start trigger.
1 Hardware trigger.
2: Incoming data that matches the specified pattern (input group only).
3 Acquired data that matches the specified pattern (input group only).
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startPol specifies the polarity of the start trigger.
0: Active high.
1 Active low.
2: Pattern matched.
3: Pattern not matched.

stopTrig specifies the source of the stop trigger.
0: None.
1: Hardware trigger.
2: Incoming data that matches the specified pattern (input group only).
3:  Acquired data that matches the specified pattern (input group only).

stopPol specifies the polarity of the stop trigger.
0: Active high.
1 Active low.
2: Pattern matched.
3 Pattern not matched.

ptsAfter StopTrig is the number of data points to acquire following the trigger. This

parameter isvalid only if stopTrigisnot 0. If stopTrigis2 or 3, this number will

include the matching pattern.

Range: 2 through count, where count is the value of the count parameter in the
DI G_Bl ock_* functions.

pattern isthe digital pattern to be used as atrigger point. This parameter is used only
when either startTrig or stopTrigis2 or 3.

patternMask selects the individual data lines to be compared when startTrig or
stopTrigis 2 or 3. This parameter allows you to set all the DON' T_CARE bitsin the
pattern. A 0 means DON' T_CARE, but a1 is significant.

Using This Function
If startTrigisO, digital block operations begin as soon asyou call DI G_Bl ock_*
function. If startTrigis1, digital block operations do not begin until NI-DAQ receives
an external trigger pulse at the ackl1 or ack2 pin.

There are two ways of detecting a matched pattern. Y ou can either compare acquired
dataonly (startTrigis 3) or all incoming data, both acquired and non-acquired data

(startTrigis 2) against the specified pattern. NI-DAQ will start the data acquisition

when data and patternM ask are equal to pattern. You can terminate the data
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acquisition when the input data matches or does not match the pattern with
stopTrig=2or 3.

If stopTrigis 1, the buffered digital operations continue in a cyclical mode until
NI-DAQ receives an external trigger pulse at the seriall or serial2 pin, at which time it
acquires an additional number of data points specified by ptsAfter StopTrig before an
operation terminates. DI G_Bl ock_Check will rearrange the data into chronological
order (from oldest to newest).
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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 you want to retrieve
Output
Name Type Description
infovValue u32 retrieved information

Parameter Discussion
The legal range for theinfoType 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:

e C programmers—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CV1)

*  BASIC programmers—NI DAQCNS. | NC

e Pascal programmers—NI DAQCNS. PAS

UseinfoTypeto let NI-DAQ know which parameter you want to retrieve. infoValue

will reflect the value of the parameter. infoValue will be given either in terms of
constants from the header file or as numbers, as appropriate.
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infoType can be one of the following:

infoType

Description

ND_BASE_ADDRESS

Base address, in hexadecimal, of the device
specified by deviceNumber.

ND_DATA_ XFER_MODE_Al
ND_DATA XFER MODE_AO GRL
ND_DATA XFER MODE_AO GR2
ND_DATA_ XFER_MODE_GPCTRO
ND_DATA_ XFER_MODE_GPCTRL
ND_DATA XFER_MODE_DI O GRL
ND_DATA XFER_MODE_DI O _GR2
ND_DATA_XFER MODE_DI O_GR3
ND_DATA XFER MODE_DI O GR4
ND_DATA XFER_MODE_DI O_GR5S
ND_DATA XFER_MODE_DI O_GR6
ND_DATA XFER_MODE_DI O _GR7
ND_DATA_XFER_MODE_DI O_GR8

SeetheSet DAQ Devi ce_I nf o function for
details. ND_NOT_APPLI CABLE if not relevant
to the device.

ND_DEVI CE_TYPE_CCDE

Type of the device specified by deviceNumber.
Seel nit _DA Brds foralist of devicetype
codes.

ND_DMA A LEVEL
ND_DMVA B_LEVEL
ND_DMA_C LEVEL

Level of the DMA channel assigned to thedevice
aschannel A, B,and C. ND_NOT_APPL| CABLE
if not relevant or disabled.

ND_| NTERRUPT_A LEVEL
ND_| NTERRUPT_B_LEVEL

Level of theinterrupt assigned to the device as
interrupt A and B. ND_NOT_APPL| CABLE if
not relevant or disabled.

ND_COUNTER 1_SOURCE

Seethe Set _DAQ Devi ce_|I nf o function for
details. ND_NOT_APPLI CABLE if not relevant to
the device.

Note:
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C Programmers—infoValueis a pass-by-reference parameter.
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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 number assigned

Using This Function

Get _NI _DAQ Ver si on returns a 4-byte value in the ver sion parameter. The upper
two bytes are reserved and the lower two bytes contain the version number. Always
bitwise and the 4-byte value with the hexadecimal value FFFF before using the version
number. For version 5.0, the lower 2-byte value is the hexadecimal value 500 in hex.

Note: C Programmers—version is a pass-by-reference parameter.
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Format
status= GPCTR_Change Parameter (deviceNumber, gpctrNum, paramiD,)

Purpose
Selects a specific parameter setting for the general-purpose counter (E Series only).

Parameters
Input
Name Type Description

deviceNumber 116 assigned by configuration utility

gpctrNum u32 number of the counter you want to use

param|D u32 identification of the parameter you want to
change.

paramValue u32 new vaue for the parameter specified by
paramiD

Parameter Discussion

Legal rangesfor gpctr Num, paraml D, and paramValue are given in terms of constants
defined in a header file. The header file you should use depends on the language you are
using:

*  C programmers—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CV1)

BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers
should refer to the Programming Language Considerations section in Chapter 1,
Using the NI-DAQ Functions, for more information.)

e Pascal programmers—NI DAQCNS. PAS

Usegpctr Num to indicate to NI-DAQ which counter you want to program. Legal values
for this parameter are ND_COUNTER 0 and ND_COUNTER 1.
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Legal valuesfor paramValue depend on paramlD. The following paragraphs|ist legal
valuesfor paraml D with explanations and corresponding legal valuesfor paramValue:

paramiD = ND_SOURCE

The general -purpose counter counts transitions of this signal. Corresponding legal
values for paramValue are as follows:

ND_PFI _0 through ND_PFI _9—the 10 I/O connector pins
ND_RTSI _0 through ND_RTSI _6—the seven RTSI lines

ND_| NTERNAL_20_MHZ and ND_| NTERNAL_100_KHZ—the internal
timebases

ND_OTHER GPCTR_TC—terminal count of the other general -purpose counter

Use this function with paramID = ND_SOURCE_POLARI TY to select polarity of
transitions to use for counting.

param|D = ND_SOURCE_POLARI TY
The general -purpose counter counts these the transitions of this the signal selected by
param|D = ND_SOURCE. ND_SOURCE. Corresponding legal values for paramValue
are asfollows:

ND_LOW TO_HI GH—counter counts the low-to-high transitions of the source
signal
ND_HI GH_TO_LOW—counter counts the high-to-low transitions of the source
signal

paramID = ND_GATE
This signal controls the operation of the general-purpose counter in some applications.
Corresponding legal values for paramValue are as follows:

ND_PFI _0 through ND_PFI _9—the 10 I/O connector pins
ND_RTSI _0 through ND_RTSI _6—the seven RTSI lines

ND | N START_TRI GGERand ND_| N_STOP_TRI GGER—the input section
triggers

ND_OTHER_GPCTR_OUTPUT—output of the other general-purpose counter

Usethisfunction with paramID = ND_GATE_POLARI TY to select polarity of the gate
signal.
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paramIiD = ND_GATE_PCOLARI TY
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 for paramValue are as follows:

* ND_POSI Tl VE
* ND_NEGATI VE

The meaning of thetwo ND_GATE_POLARI TY selections is described in the
GPCTR_Set _Appl i cati on function.

param!D = ND_| NI TI AL_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 for paramValue are 0 through 224-1.

paramID =ND_COUNT_1, ND COUNT_2, ND COUNT_3, ND_COUNT_4
The general-purpose counter uses these numbers for pulse width specification when the
counter is configured for one of the simple pulse and pul se train generation applications.
For example, when you use the counter for frequency shift keying (FSK), ND_COUNT_1
and ND_COUNT _ 2 specify the durations of low and high output states for one gate state
and ND_COUNT _3 and ND_COUNT _4 specify them for the other gate state.
Corresponding legal values for paramValue are 2 through 224-1.

param|D = ND_AUTO NCREMENT_COUNT
The value specified by ND_COUNT _1 isincremented by the value selected by
ND_AUTO NCREMENT _COUNT every 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. Y ou can then use these pulses for applications such as
equivalent time sampling (ETS). Corresponding legal values for paramValue are 0
through 28-1.

param|ID = ND_UP_DOMWN
When the applicationisND_SI MPLE_EVENT_CNT or ND_BUFFERED_EVENT _CNT,
you can use the up or down control options of the DAQ-STC general purpose counters.
The up or down control can be performed by software or hardware.

Software Control

This function lets you customize the counter for your application. Y ou can use this
function after the GPCTR_Set _Appl i cat i on function, and before
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GPCTR_Cont r ol function with action = ND_PREPARE or action = ND_PROGRAM
Y ou can call this function as many times as you need to.

The software up or down control is available by default; if you do not use the
GPCTR_Change_Par anet er function with param|D set to ND_UP_DOWN, the
counter will be configured for the software up or down control and will start counting
up. To make the counter use the software up or down control and start counting down,
use the GPCTR_Change_Par anet er function with the paramID set to
ND_UP_DOWN and the paramValue set to ND_COUNT_ DOWN. To change the counting
direction during counting, use the GPCTR_Cont r ol function with the action set to
ND_COUNT_UP or ND_COUNT_ DOWN.

Hardware Control

If you want to use hardware to control the counting direction, use digital 1/O line 6
(GPCTR 0) or 7 (GPCTR 1); the counter will count down when the DIO lineisin the
low state and up when it isin the high state. Use the GPCTR_Change_Par anet er
function with the paramlI D set to ND_UP_DOWN and the paramValue set to
ND_HARDWARE to take advantage of this counter feature.

param|D = 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). The corresponding settings of paramValue are ND_PUL SE and
ND_TOGGLE.

paramID =ND_QUTPUT_POLARI TY
This paraml D 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 isTTL
high). The corresponding settings of paramValue are ND_POSI Tl VE and
ND_NEGATI VE.

Using This Function

This function lets you customize the counter for your application. Y ou can use this
function after the GPCTR_Set _Appl i cat i on function, and before

GPCTR_Cont r ol function with action = ND_PREPARE or action = ND_PROGRAM
Y ou can call this function as many times as you need to.
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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 116 assigned by configuration utility
gpctrNum u32 number of the counter you want to use
reserved u32 reserved parameter, must be 0
numPoints u32 number of data points the buffer can hold
buffer [u32] used to hold counts

Parameter Discussion

Thelegal rangefor gpctr Num isgivenintermsof constants defined in aheader file. The
header file you should use depends on the language you are using:

e C programmers—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CV1)

»  BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers
should refer to the Programming Language Considerations section in Chapter 1,
Using the NI-DAQ Functions, for more information.)

» Pascal programmers—NI DAQCNS. PAS

UsegpctrNum to indicateto NI-DAQ which counter you want to program. Legal values
for this parameter are ND_COUNTER_0 and ND_COUNTER_1.

numPoints is the number of data points the buffer can hold. The definition of a data
point depends on the application the counter is used for. Legal rangeis 2 through 232-1.
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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 isan array of unsigned 32-bit integers.

Using This Function

Y ou need to use this function if you want to use a general -purpose counter for buffered
operation. Y ou should call thisfunction after calling the GPCTR_Set _Appl i cati on
function.

NI-DAQ transfers counted valuesinto the buffer assigned by thisfunction when you are
performing a buffered counter operation.

If you are using the general-purpose counter for ND_BUFFERED PERI OD_MSR,

ND_BUFFERED_SEM _PERI OD_MSR, or ND_BUFFERED PULSE_W DTH_MSR,
you should wait for the operation to be completed before accessing the buffer.
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Format
status= GPCTR_Control (deviceNumber, gpctr Num, action)

Purpose
Controls the operation of the general-purpose counter.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
gpctrNum u32 number of the counter you want to use
action u32 the action you want NI-DAQ to take

Parameter Discussion

Legal ranges for the gpctr Num and action 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—NI DAQCNS. H (DATAAQC. Hfor LabWindows/CV1)

*  BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers
should refer to the Programming Language Considerations section in Chapter 1,
Using the NI-DAQ Functions, for more information.)

e Pascal programmers—NI DAQCNS. PAS

UsegpctrNum toindicate to NI-DAQ which counter you want to program. Legal values
for this parameter are ND_COUNTER 0 and ND_COUNTER 1.
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action iswhat you want NI-DAQ to perform with the counter. Legal values for this

parameter are as follows:

Action Description

ND_PREPARE Prepare the general-purpose counter for the
operation selected by invocations of the
GPCTR _Set _Applicationand
(optionally)
GPCTR _Change_Par anet er function.
Do not arm the counter.

ND_ARM Arm the general-purpose counter.

ND_DI SARM Disarm the general-purpose counter.

ND_PROGRAM ND_PREPARE and then ND_ARMthe counter.

ND_RESET Reset the general -purpose counter.

ND_COUNT_UP Change the counting direction to UP. Please
see Using This Function.

ND_COUNT _DOMN Changethe counting directionto DOAN. Please
see Using This Function.

Using This Function

Y ou need to use this function with action = ND_PROGRAMPROGRAMafter completing
the configuration sequence consisting of calling GPCTR_Set _Appl i cati on
followed by optional callsto GPCTR_Change_Par amet er and

GPCTR _Config_Buffer.

Usethe ND_PREPARE and ND_ARMactionsto program the counter before arming. Y ou
might find this useful if it is critical to minimize time between a software event (a call
to GPCTR_Cont r ol ) and a hardware action (counter starts counting).

Y ou can use this function with action = ND_RESET whenever you want to halt the
operation the general -purpose counter is performing.
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Use actions ND_COUNT_UP and ND_COUNT _DOWN to change the counting direction.
Y ou can do this only when your application is ND_SI MPLE_EVENT _CNT or
ND_BUFFERED_EVENT _CNT and the counter is configured for software control of the
counting direction (up/down).
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Format
status = GPCTR_Set_Application (deviceNumber, gpctr Num, application)

Purpose
Selects the application for which you will use the general-purpose counter.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
gpctrNum u32 number of the counter you want to use
application u32 application for which you want to use the counter

Parameter Discussion
Legal ranges for gpctr Num and application are given in terms of constants that are
defined in a header file. The header file you should use depends on the language you are
using:
e C programmers—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CV1)

e BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers
should refer to the Programming Language Considerations section in Chapter 1,
Using the NI-DAQ Functions, for more information.)

e Pascal programmers—NI DAQCNS. PAS

Usegpctr Num to indicate to NI-DAQ which counter you want to program. Legal values
for this parameter are ND_COUNTER 0 and ND_COUNTER 1.
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application can be one of the following:

Group Application Description
Simple ND_SI MPLE_EVENT_CNT Simple event counting
Countll g ND_SI NGLE_PERI CD_MSR Simple single period measurement
and Time
Measurement| ND_SI NGLE_PULSE W DTH_MSR Simple single pulse-width
measurement
ND TRI G PULSE W DTH_MBR Pulse-width measurement you can
use for recurring pulses
Simple Pulse | ND_SI NGLE_PULSE_GNR Generation of asingle pulse
_?_rr] :i rl?ulse ND_SI NGLE_TRI G_PULSE_GN\R Generation of asingle triggered
Generation pulse
ND RETRI G PULSE GN\R Generation of aretriggerable single
pulse
ND_PULSE_TRAI N_GNR Generation of pulsetrain
ND_FSK Frequency Shift-Keying
Buffered ND BUFFERED EVENT CNT Buffered, asynchronous event
Counting counting
and Time .
ND BUFFERED PERI OD MSR Buffered, asynchronous period
M easurement
measurement
ND BUFFERED SEM PERI OD MSR | Buffered, asynchronoussemi-period
measurement
ND BUFFERED PULSE W DTH MSR | Buffered, asynchronouspulse-width
measurement

__CNT stands for Counting
_MBR stands for Measurement
_G\R stands for Generation
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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 parametersis given in the
description of the GPCTR_Change_Par amet er function. By using the
GPCTR_Set _Appl i cati on function, you assign specific values to all of those
parameters. If you do not like some of the settings used by this function, you can alter
them by using the GPCTR_Change_Par anet er function.

When using DMA for buffered GPCTR operations on E Series devices, we recommend
you use the internal 20 MHz timebase over the internal 100 kHz timebase. The 100 kHz
timebase will not work correctly when you are using DMA. For measuring gate signals
slower than theinternal 20 MHz timebase will allow, or when you need to use DMA, we
recommend using external timebases. Y ou can use DMA operations on typical
486-based machineswithout any errorsfor gate signals of up to 50 kHz using theinternal
20 MHz timebase. Trying to achieve rates higher than 50 kHz might cause
gpctrDatal ossError. 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 will
depend on application, your future calls of the GPCTR functions, and the signals
supplied to the counter. The following paragraphs illustrate typical scenarios.
application = ND_SI MPLE_EVENT_CNT
In this application, the counter is used for simple counting of events. By default, the
events arelow-to-high transitions on the PFI8/GPCTR0O_SOURCE 1/0O connector pin for
general-purpose counter 0 and the PFI3/GPCTR1_SOURCE 1/O connector pin for
general-purpose counter 1. The counter counts up starting from 0, and it is not gated.

Figure 2-14 shows one possible scenario of a counter used for
ND_SI MPLE_EVENT_CNT after the following programming sequence:

GPCTR_Contr ol (devi ceNunber, gpctrNum ND_RESET)
GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_SI MPLE_EVENT_CNT)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM
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In Figure 2-14:
e Sourceisthesignal present at the counter source input.

*  Count isthe value you would read from the counter if you called the
GPCTR_Wat ch function with entityl D = ND_COUNT. The different numbers
illustrate behavior at different times.

Source 1 1 1T 1
Count 0 1 2 5 6 6

Figure 2-14. Simple Event Counting

The following pseudo-code continuation of the example given earlier illustrates what
you can do if you want to read the counter value continuously (GPCTR_Wat ch function
with entityl D = ND_COUNT does this) and print it:

Repeat Forever

{

GPCTR_Wat ch(devi ceNunber, gpctrNum COUNT, counterVal ue)

Qut put count er Val ue.

}

When the counter reaches 224-1 (Terminal Count) it rolls over and keeps counting. If you
want to check if this occurred, use GPCTR_Wat ch function with entityl D set to
ND_TC_REACHED.

Typically, you will find modifying the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_SI MPLE_EVENT_CNT. You can change the following:

 ND_SOURCE to any value
e ND_SOURCE_POLARI TYtoND HI GH TO LOW
You can use the GPCTR_Change_Par anet er function after calling

GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with
action = ND_PROGRAMor ND_PREPARE.
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application = ND_SI NGLE_PERI CD_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 eventsare
low-to-high transitions on the PFI9/GPCTRO_GATE I/O connector pin for
general-purpose counter 0 and the PFI4/GPCTR1_GATE I/O connector pin for
general-purpose counter 1. The counter counts the 20 MHz internal timebase
(ND_I NTERNAL _20_MHZ), so the resolution of measurement is 50 ns. The counter
counts up starting from 0.

With the default 20 MHz timebase, combined with the counter width (24 bits), you can
measure atime interval between 100 ns and 0.8 s long.

Figure 2-15 shows one possible scenario of a counter used for
ND_SI NGLE_PERI OD_MSR after the following programming sequence:

GPCTR_Contr ol (devi ceNunber, gpctrNum ND_RESET)
GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_SI NGLE_PERI OD_MSR)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-15:
e Gateisthesignal present at the counter gate input.
* Sourceisthesignal present at the counter source input.

¢ Count isthe value you would read from the counter if you called the
GPCTR_Wat ch function with entityl D = ND_COUNT. The different numbers
illustrate behavior at different times.

» Armed isthe value you would read from the counter if you called the
GPCTR_Wat ch function with entityl D = ND_ARMED. The different values
illustrate behavior at different times.
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Measured

1<— |nterval =
1 1

Gate — [ LI LT "1_

source LTI LML LML

Count 0 ', 2 3 4 4 4 4
Armed YES YES NO NO NO

Figure 2-15. Single Period Measurement

Use the GPCTR_Wat ch function with entityl D = ND_ARMED to monitor the progress
of the counting process. This measurement completes when entityValue becomes
ND_NO. When the counter is no longer armed, you can retrieve the counted value by
using GPCTR_Wat ch with entityl D = ND_COUNT. Y ou can do this as follows:

Create u32 variabl e counter_arned.
Create u32 variabl e counted_val ue.
repeat
{
GPCTR_Wat ch(devi ceNunber, gpctrNumber, ND_ARMED, counter_arnmed)
}
until (counter_arnmed = ND_NO
GPCTR_Wat ch(devi ceNumber, gpctrNumber, ND_COUNT, counted_val ue)

To calculate the measured interval, you need to multiply the counted value by the period
corresponding to the timebase you are using. For example, if your ND_SOURCE is
ND_| NTERNAL 20_WMHZ, theinterval will be

1/(20 MHz) = 50 ns. If the ND_COUNT is 4,(Figure 2-15), the actual interval is
4* 50 ns= 200 ns.
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When the counter reaches 2?*-1 (Terminal Count), it rolls over and keeps counting. If
you want to check if this occurred, use the GPCTR_Wat ch function with entityl D set
to ND_TC_REACHED.

Typically, you will find modifying the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_SI NGLE_PERI OD_MSR. Y ou can change the following:

* ND_SOURCE to ND_I NTERNAL_100_KHZ. With this timebase, you can measure
the time interval between 20 ps and 160 s. The resolution will be lower than if you
are using the ND_| NTERNAL_20_MHZ timebase.

« ND_SOURCE_POLARI TY to ND_HI GH_TO_LOW

« ND_GATEtoany legal valuelisted inthe GPCTR_Change_Par anet er function
description.

« ND_GATE_POLARI TY to ND_NEGATI VE. Theinterval will be measured from a
high-to-low to the next high-to-low transition of the gate signal.

You can use the GPCTR_Change_Par amet er function after calling
GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with
action = ND_PROGRAMor ND_PREPARE.

If you want to provide your timebase, you can connect your timebase source to one of
the PFI pins on the I/O connector and change ND_ SOURCE and
ND_SOURCE_POLARI TY to the appropriate values.

Y ou also can configure the other general-purpose counter for ND_PULSE_TRAI N_GNR
and set ND_ SOURCE of this counter to ND_OTHER_GPCTR_TCif you want to measure
intervals longer than 160 s.

application = ND_SI NGLE_PULSE_W DTH_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 alow-to-high and a high-to-low transition on the
PFI9/GPCTRO_GATE 1/O connector pin for general-purpose counter O and the
PFI4/GPCTR1_GATE I/O connector pin for general-purpose counter 1. The counter
counts the 20 MHz internal timebase INTERNAL_20_MHZ), so the resolution of
measurement is 50 ns. The counter counts up starting from O.

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.
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Figure 2-16 shows one possible scenario of a counter used for
ND_SI NGLE_PULSE_W DTH_MSR after the following programming sequence:

GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)
GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_SI NGLE_PULSE_W DTH_MSR)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-16:
* Gateisthe signal present at the counter gate input.
e Sourceisthe signal present at the counter source input.

e Count isthe value you would read from the counter if you called the
GPCTR_Wat ch function with entityl D = ND_COUNT. The different numbers
illustrate behavior at different times.

* Armed isthe value you would read from the counter if you called the
GPCTR_Wat ch function with entityl D = ND_ARMED. The different values
illustrate behavior at different times.

Measured

1 Interval i
| t— —

Gae [ LI LT 1_

Source LML LL

Count 0 1 202 2 2 2 2

Armed YES YES NO NO

Figure 2-16. Single Pulse Width Measurement
Use the GPCTR_Wat ch function with entityl D = ND_ARMED to monitor the progress

of the counting process. This measurement completes when entityValue becomes
ND_NO. When the counter is no longer armed, you can retrieve the counted value by
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using GPCTR_Wat ch with entityl D = ND_COUNT, as shown in the following example
code:

u32 vari abl e counter_arned.
u32 variabl e count ed_val ue.

r epeat

{
GPCTR_Wat ch(devi ceNunber, gpctrNumber, ND_ARMED, counter_arned)

}

until (counter_arnmed = ND_NO
GPCTR_Wat ch(devi ceNunber, gpctrNumber, ND_COUNT, counted_val ue)

To calculate the measured interval, multiply the counted value by the period
corresponding to the timebase you are using. For example, if your ND_SOURCE is
ND_| NTERNAL_20_IHZ, the interval will be 1/(20 MHz) = 50 ns. If the ND_COUNT
is 4 (Figure 2-15), the actual interval is4 * 50 ns = 200 ns.

When the counter reaches 224-1 (Terminal Count), it rolls over and keeps counting. If
you want to check if this occurred, use the GPCTR_Wat ch function with entityl D set
to ND_TC_REACHED.

Typically, you will find modifying the following parameters through the

GPCTR_Change_Par anet er function useful when the counter application is

ND_SI NGLE_PULSE_W DTH_MSR. Y ou can change the following:

e ND_SOURCEtoND | NTERNAL _100_KHZ. With this timebase, you can measure
pulse widths between 20 ps and 160 s. The resolution will be lower than if you are
using the ND_I NTERNAL_20_ IVHZ timebase.

« ND_SOURCE_POLARI TY to ND_HI GH_TO_LOW

* ND_GATEtoany legal valuelisted inthe GPCTR_Change_Par anet er function
description.

e ND_GATE_POLARI TYto ND_NEGATI VE. The pulse width will be measured from
a high-to-low to the next low-to-high transition of the gate signal.

Y ou can use the GPCTR_Change_Par anet er function after calling
GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with
action = ND_PROGRAMor ND_PREPARE.
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If you want to provide your timebase, connect your timebase source to one of the PFI
pins on the 1/0O connector and change ND_ SOURCE and ND_SOURCE_POLARI TY to
the appropriate values.

Y ou also can configure the other general-purpose counter for ND_PULSE_TRAI N_GNR
and set ND_ SOURCE of this counter to ND_OTHER _GPCTR_TCif you want to measure
pulse widths longer than 160 s.

Warning: Application ND_SI NGLE _PULSE_W DTH_MSRwill work as described

? onlyif the gate signal staysin thelow statewhen ND_GATE_POLARI TYis
ND_POCSI Tl VE, or if the signal staysin the high state when
ND_GATE_POLARI TY is ND_NEGATI VE while GPCTR_Cont r ol is
executed with action = ND_ARMor action = ND_PROGRAM If thiscriterion
is not met, executing GPCTR_Cont r ol with action = ND_ARMor
action = ND_PROGRAMreturns gateSignalError. If this happens, you
should not rely on values returned by GPCTR_Wat ch.

application=ND_TRI G_ PULSE_W DTH_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 alow-to-high and a high-to-low transition on the
PFI9/GPCTRO_GATE I/O connector pin for general-purpose counter 0 and the
PFI4/GPCTR1_GATE I/O connector pin for general-purpose counter 1. The counter
counts the 20 MHz internal timebase INTERNAL_20 _MHZ), so the resolution of
measurement is 50 ns. The counter counts up starting from O.

Unlike ND_SI NGLE_PULSE_W DTH_MSR, your gate signal can change state during
counter arming. However, the counter will start counting only after a high-to-low edge
on the gate if the gate polarity is positive, or after alow-to-high edge on the gate if the
gate polarity is negative. This transition is the trigger from this application’s name.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you
measure the duration of a0 pulse between 100 ns and 0.8 s long.

Figure 2-17 shows one possible scenario of a counter used for
ND_TRI G_PULSE W DTH_MSR after the following programming sequence:

GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)
GPCTR_Set _Appl i cati on(devi ceNunmber, gpctrNum ND_SI NGLE_PULSE_GNR)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM
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In Figure 2-17:
* Gateisthe signal present at the counter gate input.
* Sourceisthesignal present at the counter source input.

¢ Count isthe value you would read from the counter if you called the
GPCTR_Wat ch function with entityl D = ND_COUNT. The different numbers
illustrate behavior at different times.

* Armed isthe value you would read from the counter if you called the
GPCTR_Wat ch function with entityl D = ND_ARMED. The different values
illustrate behavior at different times.

Measured

Trigger i Interval;

Gae — | L[ LT 1
1
1
1 1

source T LI LML LM WL WL L L L

Count 0 O oo 0 1 2 2

Armed YES YES YES NO

Figure 2-17. Single Triggered Pulse GenerationWidth Measurement

Usethe GPCTR_Wat ch function with entityl D = ND_DONE to monitor the progress of
the counting process. This measurement completes when entityValue becomes
ND_YES. After this completed, you can retrieve the counted value by using
GPCTR_Wat ch with entityl D = ND_COUNT, as shown in the following example code:

Create u32 variabl e counter_done.
Create u32 variabl e counted_val ue.

r epeat

{
GPCTR_Wat ch(devi ceNumber, gpctrNumber, ND _DONE, counter_done)
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until (counter_done = ND_YES)

GPCTR_Wat ch(devi ceNunber, gpctrNumber, ND_COUNT, counted_val ue)

To calculate the measured interval, multiply the counted value by the period
corresponding to the timebase you are using. For example, if your ND_SOURCE is
ND_| NTERNAL_20_IMHZ, the interval will be 1/(20 MHz) = 50 ns. If the ND_COUNT
is 4 (Figure 2-15), the actual interval is4 * 50 ns = 200 ns.

When the counter reaches 22*-1 (Terminal Count), it rolls over and keeps counting. If
you want to check if this occurred, use GPCTR_Wat ch function with entityl D set to
ND_TC_REACHED.

Typically, you will find modifying the following parameters through the

GPCTR_Change_Par anet er function useful when the counter application is

ND_TRI G_PULSE W DTH_MSR. Y ou can change the following:

e ND_SOURCEtoND | NTERNAL _100_KHZ. With this timebase, you can measure
pulse widths between 20 us and 160 s. The timing resolution will be lower than if
you are using the ND_| NTERNAL_20_ VHZ timebase.

« ND_SOURCE_POLARI TY to ND_HI GH_TO _LOW

* ND_GATEtoany legal valuelisted inthe GPCTR_Change_Par anet er function
description.

e ND_GATE_POLARI TYto ND_NEGATI VE. The pulsewidth will be measured from
a high-to-low to the next low-to-high transition of the gate signal.

You can use the GPCTR_Change_Par anet er function after calling
GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with action =
ND_PROGRAMor ND_PREPARE.

If you want to provide your timebase, connect your timebase source to one of the PFI
pins on the I/O connector and change ND_SOURCE and ND_SOURCE_PCLARI TY to
the appropriate values.

Y ou aso can configure the other general-purpose counter for ND_PULSE_TRAI N_GNR
and set ND_ SOURCE of this counter to ND_OTHER GPCTR_TCif you want to generate
pulses with delays and intervals measure pulse widths longer than 160 s.
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application = ND_SI NGLE_PULSE_GNR
In this application, the counter is used for the generation of single delayed pulse. By
default, you get by using through the 20 MHz internal timebase
(ND_I NTERNAL _20_MHZ), so theresolution of timing is 50 ns. By default, the counter
countsdown from ND_COUNT _1 =5millionto O for the delay time, and then down from
ND_COUNT_2 =10 million to O for the pulse generation time to generate a 0.5 s pulse
after 0.25 s of delay.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you
generate pulses with a delay and length between 100 ns and 0.8 s (each).

For example, assume that you want to generate a pulse 200 nslong after 150 ns of delay.
Y ou need to set ND_COUNT _1 to 150 ns/50 ns = 3 and ND_COUNT_2 to

200 ns/50 ns = 4. Figure 2-18 shows the scenario of a counter used for

ND_SI NGLE_PULSE_GNR after the following programming sequence:

GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_RESET)

GPCTR_Set _Appl i cation(devi ceNurmber, gpctrNum
ND_SI NGLE_PULSE_GNR)

GPCTR_Change_Par anet er (devi ceNunmber, gpctrNum ND_COUNT_1, 3)
GPCTR_Change_Par anet er (devi ceNunmber, gpctrNum ND _COUNT_2, 4)

Sel ect _Si gnal (devi ceNunber, gpctrNunmCut,
gpct r NumQut , ND_LOW TO_HI GH)

GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-18:
e Sourceisthesignal present at the counter source input.
* Output isthe signal present at the counter output.
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Armed is the value you would read from the counter if you called the
GPCTR_Wat ch function with entitylD = ND_ARMED. The different values
illustrate behavior at different times.

< Count_ 1=3 —— Count_2=4 _,!
1

Source_||_||.,.|'|_||—||—||—||—||—||—||—||—

Output :

[

|
Armed No X Yes X No

Figure 2-18. Single Triggered Pulse Generation

Use the GPCTR_Wat ch function with entityl D = ND_ARMED to monitor the progress
of the pulse generation process. The generation completes when entityValue becomes
ND_NO.

Typicaly, you find modifying of the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_SI NGLE_PERI OD_MSR. Y ou can change the following:

ND_COUNT _1 and ND_COUNT _2 to any value between 2 and 2?* - 1. The defaults
are given for illustrative purposes only.
ND_SOURCE to ND_| NTERNAL _100_KHZ. With this timebase, you can generate

pulses with a delay and length between 20 ps and 160 s. The timing resolution will
be lower than if you are using the ND_| NTERNAL 20_IVHZ timebase.

You can use the GPCTR_Change_Par anet er function after calling
GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with
action = ND_PROGRAMor ND_PREPARE.
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If you want to provide your timebase, you can connect your timebase source to one of
the PFI pins on the I/O connector and change ND_SOURCE and
ND_SOURCE_POLARI TY to the appropriate values.

Y ou also can configure the other general-purpose counter for ND_PULSE_TRAI N_GNR
and set ND_SOURCE of this counter to ND_OTHER_GPCTR_TCif you want to generate
pulses with delays and intervals longer than 160 s.

application = ND_SI NGLE_TRI G_PULSE_GNR
In this application, the counter is used for the generation of a single delayed pulse after
atransition on the gate input. By default, thisis achieved by using the 20 MHz internal
timebase (ND_I NTERNAL _20_IHZ), so the resolution of timing is 50 ns. By default,
the counter counts down from ND_COUNT _1 = 5 million to O for the delay time, and
then down from ND_COUNT _2 =10 million to O for the pulse generation time to
generate a 0.5 s pulse after 0.25 s of delay. By default, the gate is the
PF19/GPCTRO_GATEI/O connector pin for general-purpose counter O the
PF14/GPCTR1_GATE I/O for general-purpose counter 1, and the transition that
initiates the pulse generation is low-to-high. Only the first transition of the gate signal
after you arm the counter initiates pul se generation; all subsequent transitions are
ignored.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you
generate pulses with a delay and Iength between 100 ns and 0.8 s (each).

For example, assume that you want to generate a pulse 200 nslong after 150 ns of delay
from the transition of the gate signal. Y ou need to set ND_COUNT _1 to 150 ns/50 ns =
3 and ND_COUNT _2 to 200 ns/50 ns = 4. Figure 2-19 shows the scenario of a counter
used for ND_SI NGLE_TRI G_PULSE_GNR after the following programming
sequence:

GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)

GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_SINGLE_TRI G_PULSE_GNR)
GPCTR_Change_Par anet er (devi ceNunber, gpctrNum ND_COUNT_1, 3)
GPCTR_Change_Par anet er (devi ceNunber, gpctrNum ND_COUNT_2, 4)

Sel ect _Si gnal (devi ceNunber, gpctrNumQut, gpctrNunOut, ND_LOW TO HI GH)
GPCTR_Control (devi ceNunber, gpctrNum ND_PROGRAM
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In Figure 2-19:

Gate is the signal present at the counter gate input.
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 called the
GPCTR_Wat ch function with entitylD = ND_ARMED. The different values
illustrate behavior at different times.

Gate [ | f !
:

I

<« Count_1=3 ' Count2=4 _,!

Source _l_|_l_LJ_|_l_|_l_|_l_|_l_|_l_|_|_|_|_|_l_|_
L

Output

Armed No X

i
Yes X No

Figure 2-19. Single Triggered Pulse Generation

Use the GPCTR_Wat ch function with entityl D = ND_ARMED to monitor the progress
of the pulse generation process. The generation completes when entityValue becomes
ND_NO.

Typically, you will find modification of the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_SI NGLE_TRI G_PULSE_GNR. You can change the following:

ND_COUNT_1 and ND_COUNT _ 2 to any value between 2 and 2?4 - 1. The defaults
are given for illustrative purposes only.

ND_SOURCE to ND_| NTERNAL_100_KHZ. With this timebase, you can generate
pulses with a delay and length between 20 ps and 160 s. The timing resolution will
be lower than if you are using ND_| NTERNAL_20_MHZ timebase.
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« ND_GATEtoany legal valuelisted inthe GPCTR_Change_Par anet er function
description.

« ND_GATE_POLARI TYto ND_NEGATI VE. A high-to-low transition of the gate
signal initiates the pulse generation timing.

Y ou can use the GPCTR_Change_Par anet er function after calling
GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with
action = ND_PROGRAMor ND_PREPARE.

If you want to provide your timebase, you can connect your timebase source to one of
the PFI pins on the I/O connector and change ND_SOURCE and
ND_SOURCE_POLARI TY to the appropriate values.

Y ou also can configure the other general-purpose counter for

ND_SI NGLE_TRI G_PULSE_GNR and set ND_SOURCE of this counter to
ND_OTHER_GPCTR_TCif you want to generate pulseswith delays and intervals longer
than 160 s.

application =ND_RETRI G_PULSE _GNR
In thisapplication, the counter is used for the generation of aretriggerable delayed pulse
after each transition on the gate input. By default, you get this by using the 20 MHz
internal timebase (ND_I NTERNAL_20_MHZ), so the resolution of timing is 50 ns. By
default, the counter counts down from ND_COUNT _1 =5 million to O for the delay time
and then down from ND_COUNT_2 = 10 million to O for the pulse generation time to
generate a 0.5 s pulses after 0.25 s of delay. By default, the gate is the
PFI9/GPCTRO_GATE 1I/O connector pin for general-purpose counter and the
PFI4/GPCTR1_GATE I/O connector pin for general-purpose counter 1, and the
transition which initiates the pulse generation is low-to-high. All transitions of the gate
signal after you arm the counter to initiate pulse generation.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you
generate pulses with a delay and length between 100 nsand 0.8 s.

For example, assume that you want to generate a pulse 200 nslong after 150 ns of delay
from every transition of the gate signal. Y ou need to set ND_COUNT _1 to 150 ns/50 ns
=3 and ND_COUNT _2 to 200 ns/50 ns = 4. Figure 2-20 shows the scenario of a counter
used for ND_RETRI G_PULSE_GNR after the following programming sequence:

GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)
GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_RETRI G_PULSE_GNR)
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GPCTR_Change_Par anmet er (devi ceNunber, gpctrNum ND _COUNT_1, 3)
GPCTR_Change_Par anet er (devi ceNunber, gpctrNum ND_COUNT_2, 4)

Sel ect _Si gnal (devi ceNunber, gpctrNumQOut, gpctrNunOut, ND_LOW TO_HI GH)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-20:

Gate is the signal present at the counter gate input.
Source is the signal present at the counter source input.
Output is the signal present at the counter output.

Gate 1 l ‘ i ‘ ‘ ‘ ‘ ‘
\Count_1=3 Count_2=4 ; | Count_1=3, Count_2=4 | 'Count_1=3! Count_2=4 |
|-— — - —= |- — - —= |-— ——— -

Source _ruln_nﬂn_n_nﬂ_h_n_n_nﬂ_n_ru—uiru—u—u—u—er_t—Lru—um
1 !

output — ‘ i A e

Figure 2-20. Retriggerable Pulse Generation

Usethe GPCTR_Cont r ol function with action = ND_RESET to stop the pulse
generation.

Typically, you will find modifying the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_RETRI G_PULSE_GNR. You can change the following:

e ND_COUNT_1 and ND_COUNT_2 to any value between 2 and 2?4 - 1. The defaults
are given for illustrative purposes only.

* ND_SOURCEtoND_| NTERNAL 100_KHZ. With thistimebase, you can generate
pulses with delay and length between 20 pys and 160 s. The timing resolution will be
lower than if you are using ND_| NTERNAL_20_ IVHZ timebase.
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« ND_GATEtoany legal valuelisted inthe GPCTR_Change_Par anet er function
description.

« ND_GATE_POLARI TY to ND_NEGATI VE. A high-to-low transition of the gate
signal initiates the pulse generation timing.

Y ou can use the GPCTR_Change_Par anet er function after calling
GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with
action = ND_PROGRAMor ND_PREPARE.

If you want to provide your timebase, you can connect your timebase source to one of
the PFI pins on the I/O connector and change ND_SOURCE and
ND_SOURCE_POLARI TY to the appropriate values.

Y ou also can configure the other general-purpose counter for

ND_RETRI G_PULSE_GNR, and set ND_SOURCE of this counter to
ND_OTHER_GPCTR_TCif you want to generate pulseswith delays and intervals longer
than 160 s.

application = ND_PULSE _TRAI N_GN\R
In thisapplication, the counter isused for generation of a pulsetrain. By default, you get
this by using the 20 MHz internal timebase (ND_I NTERNAL_20_MHZ), so the
resolution of timing is 50 ns. By default, the counter repeatedly counts down from
ND_COUNT_1 =5 million to O for the delay time and then down from
ND_COUNT_2 = 10 million to O for the pulse generation timeto generate atrain of 0.5 s
pulses separated by 0.25 s of delay. Pulse train generation starts as soon as you arm the
counter. Y ou must reset the counter to stop the pulse train.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you
generate trains consisting of pulses with delay and length between 100 nsand 0.8 s.

Assume that you want to generate a pulse train with the low period 150 nslong and the
high period 200 ns long. Y ou need to set ND_COUNT_1 to 150 ns/50 ns = 3 and
ND_COUNT _2 to 200 ns/50 ns = 4. This correspondsto a 20 MHz: (3 + 4) = 2.86 MHz
signal with (3/7)/(4/7) = 43/57 duty cycle. Figure 2-21 shows the scenario of a counter
used for ND_PULSE_TRAI N_GNR after the following programming sequence:

GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)

GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_PULSE_TRAI N_GN\R)
GPCTR_Change_Par anet er (devi ceNunber, gpctrNum ND_COUNT_1, 3)
GPCTR_Change_Par anet er (devi ceNunber, gpctrNum ND_COUNT_2, 4)

© National Instruments Corporation 2-235 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

GPCTR_Set_Application

Continued

Sel ect _Si gnal (devi ceNunber, gpctrNumQut, gpctrNunOut, ND_LOW TO HI GH)
GPCTR_Control (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-21:
e Sourceisthe signal present at the counter source input.
e Output isthe signal present at the counter output.

1 l ! 1 !
~Count 1=3 = CoUNt 2=4 —sre-Count_1 = 3-=— COUNt 2 = 4 —»,
I I

e aEpipipipgipinipSplinipgiginipintininle

Output ;—I: ]—l‘—li

Figure 2-21. Pulse Train Generation

Usethe GPCTR_Cont r ol function with action = ND_RESET to stop the pulse
generation.

Typically, you will find modifying the following parameters through the

GPCTR_Change_Par amnet er function useful when the counter application is

ND_PULSE_TRAI N_GNR. You can change the following:

e« ND_COUNT_1 and ND_COUNT _2 to any value between 2 and 2?4 - 1. The defaults
are given for illustrative purposes only.

e ND_SOURCEtoND_ | NTERNAL 100 _KHZ. With thistimebase, you can generate

pulses with delay and length between 20 pys and 160 s. The timing resolution will be
lower than if you are using the ND_| NTERNAL_20_MHZ timebase.

Y ou can use the GPCTR_Change_Par anet er function after calling
GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with
action = ND_PROGRAMor ND_PREPARE.

If you want to provide your timebase, you can connect your timebase source to one of
the PFI pins on the I/O connector and change ND_ SOURCE and
ND_SOURCE_POLARI TY to the appropriate values.

NI-DAQ FRM for PC Compatibles 2-236 © National Instruments Corporation



Chapter 2 Function Reference

GPCTR_Set_Application

Continued

Y ou also can configure the other general-purpose counter for
ND_PULSE_TRAI N_GNR, and set ND_SOURCE of this counter to
ND_OTHER_GPCTR_TCif you want to generate pulses with delays and intervalslonger
than 160 s.

application = ND_FSK
In this application, the counter is used for generation of frequency shift keyed signals.
The counter generates a pulsetrain of one frequency and duty cycle when the gateislow,
and a pulsetrain with different parameters when the gateis high. By default, you get this
by using the 20 MHz internal timebase (ND_I NTERNAL _20_MVHZ), so the resol ution of
timing is 50 ns. By default, when the gate is low, the counter repeatedly counts down
from ND_COUNT_1 =5 million to O for the delay time, and then down from
ND_COUNT_2 = 10 million to O for the pulse generation time, to generate atrain 0.5 s
pulses separated by 0.25 s of delay. Also by default, when the gate is high, the counter
repeatedly counts down from ND_COUNT_3 =4 millionto O for the delay time, and then
down from ND_COUNT _4 = 6 million to O for the pulse generation time, to generate a
train 0.3 s pulses separated by 0.2 s of delay. The FSK pulse generation starts as soon as
you arm the counter. Y ou must reset the counter to stop the pulse generation.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you
generate pulses with a delay and length between 100 nsand 0.8 s.

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 set ND_COUNT_1 to 100 ns/50 ns =2, ND_COUNT _2 to 150

ns/50 ns = 3, ND_COUNT _3 to 300 ns/50 ns = 6, and ND_COUNT _4 to 200 ns/50 ns = 4.
Figure 2-22 shows a counter used for ND_FSK after the following programming
sequence;

GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)

GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_FSK)
GPCTR_Change_Par anmet er (devi ceNunber, gpctrNum ND _COUNT_1, 2)
GPCTR_Change_Par anet er (devi ceNunber, gpctrNum ND_COUNT_2, 3)
GPCTR_Change_Par anet er (devi ceNunber, gpctrNum ND_COUNT_3, 6)
GPCTR_Change_Par anmet er (devi ceNunber, gpctrNum ND_COUNT_4, 4)

Sel ect _Si gnal (devi ceNunber, gpctrNumQut, gpctrNumOut, ND_LOW TO HI GH)
GPCTR_Contr ol (devi ceNunber, gpctrNum ND_PROGRAM
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In Figure 2-22:

Gate is the signal present at the counter gate input.
Source is the signal present at the counter source input.
Output is the signal present at the counter output.

Figure 2-22. Frequency Shift Keying

Usethe GPCTR_Cont r ol function with action = ND_RESET to stop the pulse
generation.

Typically, you will find modifying the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_FSK. You can change the following:

ND_COUNT_1, ND_COUNT_2, ND_COUNT_3, and ND_COUNT_4 to any value
between 2 and 22 - 1. The defaults are given for illustrative purposes only.
ND_SOURCE to ND_| NTERNAL_100_KHZ. With this timebase, you can generate
pulses with a delay and length between 20 ys and 160 s. The timing resolution will
be lower than if you are using the ND_| NTERNAL _20_ MHZ timebase.
ND_GATE to any legal valuelisted in the GPCTR_Change_Par anet er function
description.

Y ou can use the GPCTR_Change_Par anet er function after calling
GPCTR_Set _Appl i cati on and before calling GPCTR_Cont r ol with
action = ND_PROGRAMor ND_PREPARE.
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If you want to provide your timebase, connect your timebase source to one of the PFI
pins on the 1/0O connector and change ND_ SOURCE and ND_SOURCE_POLARI TY to
the appropriate values.

Y ou also can configure the other general-purpose counter for ND_FSK, and set
ND_SOURCE of this counter to ND_OTHER _GPCTR_TC if you want to generate pulses
with delays and intervals longer than 160 s.

application = ND_BUFFERED EVENT_CNT
In this application, the counter is used for continuous counting of events. By default, the
eventsarelow-to-high transitions on the PFI8/GPCTRO_SOURCE 1/O connector pinfor
general-purpose counter 0 and the PFI3/GPCTR1_SOURCE 1/0O connector pin for
general-purpose counter 1. Counts present at specified events of the signal present at the
gate are saved in a buffer. By default, those events are the low-to-high transitions of the
signal onthe PFI9/GPCTRO_GATE I/O connector pin for general -purpose counter 0 and
the PFI4/GPCTR1_GATE I/0 connector pin for general-purpose counter 1. The counter
counts up starting from O; its contents are placed in the buffer after an edge of
appropriate polarity is detected on the gate; the counter keeps counting without
interruption. 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 to 22*-1 events. Figure 2-23 shows one
possible scenario of a counter used for ND_BUFFERED_EVENT _CNT after the
following programming sequence:

Make buffer be a 100-el enent array of u32.

GPCTR_Contr ol (devi ceNunber, gpctrNum ND_RESET) ND_RESET)

GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_BUFFERED_ EVENT_CNT)
GPCTR_Confi g_Buffer(devi ceNunber, gpctrNum 0, 100, buffer)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-23:
e Gateisthesignal present at the counter gate input.
* Sourceisthesignal present at the counter source input.

« Buffer isthe contents of the buffer; you can retrieve data from the buffer when the
counter becomes disarmed.
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Figure 2-23. Buffered Event Counting

Use the GPCTR_Wat ch function with entityl D = ND_ARMED to monitor the progress
of the counting process. This measurement completes when entityValue becomes
ND_NO. Y ou can do this as follows:

Typicaly, you will find modifying the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_PULSE_GNR_FOR_ETS. You can change the following:

Create u32 variabl e counter_arned.

r epeat

{
GPCTR_Wat ch(devi ceNunber, gpctrNumber, ND_ARMED, counter_arned)

}

until (counter_arnmed = 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_Par anet er function useful when the counter application is
ND_BUFFERED_EVENT_CNT. You can change the following:

* ND_SOURCE to any legal value listed in the GPCTR_Change_Par anet er
function description.

* ND_SOURCE_POLARI TYtoND H GH TO LOW

« ND_GATEtoany legal valuelisted inthe GPCTR_Change_Par anet er function
description.

* ND_GATE_POLARI TY to ND_NEGATI VE. Counts will be captured on every high-
to-low transition of the signal present at the gate.

Note: The counter will start counting as soon asyou arm it. However, it will not
count if the gate signal staysin low state when ND_GATE_POLARI TY is
ND_PCSI TI VE or if it staysin high state when ND_GATE_POLARI TY is
ND_NEGATI VEwhile GPCTR_Cont r ol isexecuted with action =ND_ARM
or action = ND_PROGRAM Be aware of thiswhen you interpret the first
count in your buffer.

application = ND_BUFFERED_PERI OD_MSR

In this application, the counter is used for continuous 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 on the PFI9/GPCTRO_GATE I/O connector
pin for general-purpose counter 0 and the PFI4/GPCTR1_GATE 1/O connector pin for
general-purpose counter 1. The counter counts the 20 MHz internal timebase

(ND_I NTERNAL _20_MHZ), so the resolution of measurement is 50 ns. The counter
counts up starting from O; its contents are placed in the buffer after an edge of
appropriate polarity is detected on the gate; the counter then starts counting up from 0O
again. NI-DAQ transfers data from the counter into the buffer until the buffer isfilled;
the counter is disarmed at that time.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you
measure the width of a pulse between 100 ns and 0.8 s long.

Figure 2-24 shows one possible scenario of a counter used for
ND_BUFFERED PERI OD_MSR after the following programming sequence:

Make buffer be a 100-el enent array of u32.
GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)
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GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum ND_BUFFERED PERI OD_MSR)
GPCTR_Confi g_Buffer(devi ceNunber, gpctrNum 0, 100, buffer)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-24:
e Gateisthesignal present at the counter gate input.
* Sourceisthesignal present at the counter source input.

« Buffer isthe contents of the buffer; you can retrieve data from the buffer when the
counter becomes disarmed.

‘ Measured ‘ Measured , Measured ‘
- Period — - Period — 1 <—Period =
Gate | ] |

Sowree M MMM LM LU L L LU LU LU L L

Buffer

Figure 2-24. Buffered Period Measurement

Use the GPCTR_Wat ch function with entitylD = ND_ARMED to monitor the progress
of the counting process. This measurement completes when entityValue becomes
ND_NO, as shown in the following example:

Create u32 variabl e counter_arned.

r epeat

{
GPCTR_Wat ch(devi ceNumber, gpctrNumber, ND_ARMED, counter_armed)

}

until (counter_arnmed = ND_NO

When the counter is disarmed, you can access data in the buffer safely.
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Continued

Typically, you will find modifying the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_BUFFERED_PERI OD_MSR. Y ou can change the following:

* ND_SOURCE to ND_| NTERNAL_100_KHZ. With this timebase, you can measure
intervals between 20 ps and 160 slong. The resolution will be lower than if you are
using ND_| NTERNAL_20_MHZ timebase.

* ND_SOURCE_POLARI TYtoND_H GH_TO LOW

« ND_GATEtoany legal valuelisted inthe GPCTR_Change_Par anet er function
description.

« ND_GATE_POLARI TY to ND_NEGATI VE. Measurements will be performed
between successive high-to-low transitions of the signal present at the gate.

If you want to provide your timebase, you can connect your timebase source to one of
the PFI pins on the 1/0O connector and change ND_SOURCE and
ND_SOURCE_POLARI TY to the appropriate values.

Y ou also can configure the other general-purpose counter for
ND_PULSE_TRAI N_GNR, and set ND_SOURCE of this counter to
ND_OTHER _GPCTR_TCif you want to 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.

application = ND_BUFFERED_SEM _PERI OD_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 PFI9/GPCTRO_GATE 1/O connector pin for general-
purpose counter 0 and the PFI4/GPCTR1_GATE 1/0 connector pin for general-purpose
counter 1. The counter counts the 20 MHz internal timebase

(ND_I NTERNAL_20_MHZ), so the resolution of measurement is 50 ns. The counter
counts up starting from O; its contents are placed in the buffer after an edge is detected
on the gate; the counter then starts counting up from 0 again. NI-DAQ transfers data
from the counter into the buffer until the buffer isfilled; the counter is disarmed at that
time.

The default 20 MHz timebase, combined with the counter width (24 bits), lets you
measure the width of a pulse between 100 ns and 0.8 slong.
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Figure 2-25 shows one possible scenario of a counter used for
ND_BUFFERED_SEM _PERI OD_MSR after the following programming sequence:

Make buffer be a 100-el enent array of u32.
GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)

GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum
ND_BUFFERED_SEM _PERI OD_NMSR)

GPCTR_Confi g_Buffer(devi ceNunber, gpctrNum 0, 100, buffer)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-25:
e Gateisthesignal present at the counter gate input.
* Sourceisthesignal present at the counter source input.

« Buffer isthe contents of the buffer; you can retrieve data from the buffer when the
counter becomes disarmed.

Pairs of arrows indicate measured semi-periods

-
Gate ‘
Source |
1 2
Buffer

Figure 2-25. Buffered Semi-Period Measurement
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Use the GPCTR_Wat ch function with entityl D = ND_ARMED to monitor the progress
of the counting process. This measurement completes when entityValue becomes
ND_NO. The following code example shows this process:

Create u32 vari abl e counter_ar ned.
repeat
{
GPCTR_Wat ch(devi ceNunber, gpctrNumber, ND_ARMED, counter_ar nmed)
}

until (counter_armed = ND_NO
When the counter is disarmed, you can safely access data in the buffer.

Typically, you will find modifying the following parameters through the

GPCTR_Change_Par anet er function useful when the counter application is

ND_BUFFERED SEM _PERI OD_MSR. Y ou can change the following:

e ND_SOURCEtoND | NTERNAL _100_KHZ. With this timebase, you can measure
intervals between 20 us and 160 slong. The resolution will be lower than if you are
using the ND_I NTERNAL_20_ IVHZ timebase.

« ND_SOURCE_POLARI TY to ND_HI GH_TO _LOW

* ND_GATEtoany legal valuelisted inthe GPCTR_Change_Par anet er function
description.

If you want to provide your timebase, you can connect your timebase source to one of
the PFI pins on the I/O connector and change ND_SOURCE and
ND_SOURCE_POLARI TY to the appropriate values.

Y ou also can configure the other general-purpose counter for ND_PULSE_TRAI N_GNR
and set ND_ SOURCE of this counter to ND_OTHER _GPCTR_TCif you want to 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.

© National Instruments Corporation 2-245 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

GPCTR_Set_Application

Continued

application = ND_BUFFERED_PULSE_W DTH_MSR
In this application, the counter is used for continuous measurement of width of pulses of
selected polarity present at the counter gate. By default, those pulses are active high
pulses present on the signal on the PFI9/GPCTRO_GATE 1/O connector pin for
general-purpose counter 0 and the PFI4/GPCTR1_GATE 1/0 connector pin for general-
purpose counter 1. The counter counts the 20 MHz internal timebase
(ND_I NTERNAL _20_MHZ), so the resolution of measurement is 50 ns. The counter
counts up starting from O; its contents are placed in the buffer after a pulse completes;
the counter then starts counting up from 0 again when the next pulse appears. 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 (24 bits), lets you
measure the width of a pulse between 100 ns and 0.8 s long.

When using the buffered counter operations in applications involving

period/pul se-width measurements, the first acquired point might represent bad data. The
first data point is the measured interval between the instant when the counter is armed

and when the first edge transition takes place on the counter GATE. Because thereis no
deterministic way of specifying when the counter isactually armed, the first value might
be incorrect. Subsequent data points acquired will not have this problem.

Figure 2-26 shows one possible scenario of a counter used for
ND_BUFFERED_PULSE W DTH_MSR after the following programming sequence:

Make buffer be a 100-el enent array of u32.
GPCTR_Control (devi ceNunber, gpctrNum ND_RESET)

GPCTR_Set _Appl i cati on(devi ceNunber, gpctrNum
ND_BUFFERED_PULSE_W DTH_MSR)

GPCTR_Confi g_Buffer(devi ceNunber, gpctrNum 0, 100, buffer)
GPCTR_Cont r ol (devi ceNunber, gpctrNum ND_PROGRAM

In Figure 2-26:
e Gateisthesignal present at the counter gate input.
» Sourceisthesignal present at the counter source input.

« Buffer isthe contents of the buffer; you can retrieve data from the buffer when the
counter becomes disarmed.
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Figure 2-26. Buffered Pulse Width Measurement

Use the GPCTR_Wat ch function with entityl D = ND_ARMED to monitor the progress
of the counting process.

This measurement completes when entityValue becomes ND_NO. Y ou can do this as
follows:

Create u32 variabl e counter_arnmed.
repeat
{
GPCTR_Wat ch(devi ceNunber, gpctrNumber, ND_ARMED, counter_arned)

}

until (counter_arnmed = ND_NO
When the counter is disarmed, you can safely access data in the buffer.

Typically, you will find modifying the following parameters through the
GPCTR_Change_Par anet er function useful when the counter application is
ND_BUFFERED PULSE W DTH_MSR. Y ou can change the following:

* ND_SOURCE to ND_| NTERNAL_100_KHZ. With this timebase, you can measure
intervals between 20 s and 160 slong. The resolution will be lower than if you are
using ND_| NTERNAL_20_MHZ timebase.
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« ND_SOURCE_POLARI TY to ND_HI GH_TO_LOW

* ND_CGATEtoany lega valuelistedinthe GPCTR_Change_Par anet er function
description.

« ND_GATE_POLARI TY to ND_NEGATI VE. Measurements will be performed on
the active low pulses.

If you want to provide your timebase, you can connect your timebase source to one of
the PFI pins on the I/O O connector and change ND_SOURCE and
ND_SOURCE_POLARI TY to the appropriate values.

Y ou also can configure the other general-purpose counter for
ND_PULSE_TRAI N_GNR, and set ND_SOURCE of this counter to
ND_OTHER_GPCTR_TCif you want to measure intervals longer than 160 s.

Note: You must make surethat thereisat least one source transition during the
measured pulsein order for this application to work properly.
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Format

status = GPCTR_Watch (deviceNumber, gpctrNum, entityl D, entityValue)

Purpose

Monitors state of the general-purpose counter and its operation.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
gpctrNum u32 number of the counter you want to use
entityl D u32 identification of the feature you want to monitor
Output
Name Type Description
entityValue u32 the value of the feature specified by entityl D

Parameter Discussion

Legal ranges for the gpctrNum, entityl D, and entityValue are in terms of constants
defined in aheader file. The header file you should use depends on the language you are

using:

e C programmers—NI DAQCNS. H (DATAACQ. H for LabWindows/CVI)

* BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers
should refer to the Programming Language Considerations section in Chapter 1 for

more information.)

e Pascal programmers—NI DAQCNS. PAS
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UsegpctrNum to indicateto NI-DAQ which counter you want to program. Legal values
for this parameter are ND_COUNTER_0 and ND_COUNTER_1.

Use entityl D to indicate to NI-DAQ which feature you are interested in. Legal values
are listed in the following paragraphs, along with the corresponding values you can
expect for entityValue. entityValue will be given either in terms of constants from the
header file, or as numbers, as appropriate.

entityl D = ND_COUNT
This is the counter contents. entityValue can be between 0 and 22*-1.

entitylD = ND_COUNT_AVAI LABLE
If the applicationisND_TRI G_PULSE_W DTH_MSR,
ND_SI NGLE_PULSE_W DTH_MSR, or ND_SI NGLE_PERI OD_MSR, this entity
allows you to see whether your measurement has compl eted.

Corresponding entityValue indicates the following: ND_YES—the measurement has
completed; ND_NO—the measurement has not completed.

entitylD = ND_AVAI LABLE_PQO NTS
If the application is buffered event counting or time measurement, this entityl D allows
you to see how many points have been transferred to the buffer.

entitylD = ND_ARMED
Indicates whether the counter isarmed. entityValuecanbeND_YES or ND_NO. Y ou can
use thisin applications such as ND_SI NGLE_PULSE_W DTH_MSR for finding out
when the pulse width measurement compl etes.

entitylD = ND_TC_REACHED
Indicates whether the counter has reached terminal count entityValue can be ND_YES
or ND_NO. You can use this in applications such as
ND_SI NGLE_PULSE_W DTH_MSR for detecting overflow (pulse was too long to be
measured using the selected timebase).

entitylD = ND_DONE
When the applicationisND_SI NGLE_TRI G_PULSE_GNR, thisindicatesthat the pulse
has completed. entityValue can be ND_YES or ND_NO. When the application is
ND_RETRI G_PULSE_GNR, thisindicates that an individual pulse has completed. In
this case, the indication that an individual pulse has completed will be returned only
once per pulse by the GPCTR_Wat ch function.
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entitylD = ND_OUTPUT_STATE
Y ou can use this to read the value of the counter output; the range is ND_L OWand
ND_HI GH.

= Note C Programmers—entityValue is a pass-by-reference parameter.
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Format

status=ICTR_Read (deviceNumber, ctr, count)

Purpose

Reads the current contents of the selected counter without disturbing the counting
process and returns the count.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
ctr i16 counter number
Output
Name Type Description
count ul6 current count

Parameter Discussion
ctr is the counter number.
Range: 0 through 2.

count returns the current count of the specified counter while the counter is counting
down. count can be between zero and 65,535 when ctr is configured in binary mode (the
default). count can be between zero and 9,999 if the last call to | CTR_Set up
configured ctr in BCD counting mode.

Note: C Programmers—count is a pass-by-reference parameter.
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Note: BASI C Programmers—NI-DAQ returns count as a 16-bit unsigned
number. In BASIC, integer variables are represented by a 16-bit two's
complement system. Thus, values grater than 32,767 are incorrectly
treated as negative numbers. You can avoid this problem by using a long
number as shown below:

if count% o then
| count & = count % + 65, 536

el se

| count & count %

end if
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Format
status= ICTR_Reset (deviceNumber, ctr, state)

Purpose
Sets the output of the selected counter to the specified state.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
ctr i16 counter number
state i16 logic state to be reset

Parameter Discussion
ctr is the counter number.
Range: 0 through 2.

state is the logic state to which the counter is to be reset.
Range: Oor1.

If state is 0, the common output is forced low by programming the specified counter in
Mode 0. NI-DAQ does not load the count register; thus, the output remains low until
NI-DAQ programsthe counter in another mode. If stateis 1, NI-DAQ forcesthe counter
output high by programming the given counter in Mode 2. NI-DAQ does not |oad the
count register; thus, the output remains high until NI-DAQ programs the counter in
another mode.
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Format
status=ICTR_Setup (deviceNumber, ctr, mode, count, binBcd)
Purpose
Configures the given counter to operate in the specified mode.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
ctr i16 counter number
mode i16 mode in which the counter isto operate
count ul6 period from one output pulse to the next
binBcd i16 16-bit binary or 4-decade binary-coded decimal

Parameter Discussion

ctr isthe counter number.
Range: 0 through 2.

mode is the mode in which the counter is to operate.

Toggle output from low to high on terminal count.
Programmable one-shot.

Rate generator.

Square wave rate generator.

Software-triggered strobe.

Hardware-triggered strobe.

GdRhrwWwNRO
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In Mode 0, the output goes low after the mode set operation, and the counter begins to
count down while the gate input is high. The output goes high when NI-DAQ reaches
theterminal count (that is, the counter has decremented to zero) and stays high until you
set the selected counter to a different mode. Figure 2-27 shows the Mode O timing

diagram.

Cock LTI e
wr L]
Gate L |
6 5 4 3 210
Output (n:6)| [
A A+B=n B

Figure 2-27. Mode 0 Timing Diagram

In Mode 1, the output goes low on the count following the rising edge of the gate input
and goes high on terminal count. The value of the counter before the rising edge of the
gate input is undefined, Figure 2-28 shows the Mode 1 timing diagram.

Clock LTI LI LML

WR L]
Gate |

4 3 2 4 3 2 1 O
Output (n=4) | |

Figure 2-28. Mode 1 Timing Diagram
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In Mode 2, the output goes low for one period of the clock input. count indicates the
period from one output pulse to the next. Figure 2-29 shows the Mode 2 timing diagram.

Gate 4 3 2 1 04 32 10
Output (n = 4) L LI

Figure 2-29. Mode 2 Timing Diagram

In Mode 3, the output stays high for one half of the count clock pulses and stays low for
the other half. Figure 2-30 shows the Mode 3 timing diagram.

Clock [ LI LML LM LML e

Gate  , 5 4 2 4 2 4 4 2 4

Output (n=4) __| L | |_| |_|_
5 4 2 5 2 5 4 2 5 2

Output (n=5) ___| | | |—|

Figure 2-30. Mode 3 Timing Diagram

In Mode 4, the output is initially high, and the counter begins to count down while the
gateinput is high. On terminal count, the output goes low for one clock pulse, then goes
high again. Figure 2-31 shows the Mode 4 timing diagram.

Clock [ LTI LML LML e

WR  Ln=4]
Gate 43 2 1 0
Output LI

Figure 2-31. Mode 4 Timing Diagram
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Mode 5 is similar to Mode 4 except that the gate input is used as a trigger to reset the
counter. The value of the counter before the rising edge of the gate is undefined.
Figure 2-32 shows Mode 5 timing diagram.

Clock I LITLIT LT LML LML e

wr L]
Gate |

2 1 0 2 1 2 1 o0
Output n=2 L1

Figure 2-32. Mode 5 Timing Diagram

Seethe 8253 Programmabl e Interval Timer data sheet in your DAQCard-500/700 or Lab
and 1200 series user manual for adetailed description of these modes and the associated
timing diagrams.

count is the period from one output pulse to the next.
Range for Modes 0, 1, 4 and 5:
0 through 65,535 in binary counter operation.
0 through 9,999 in BCD counter operation.
Range for Modes 2 and 3:
2 through 65,535 and 0 in binary counter operation.
2 through 9,999 and 0 in BCD counter operation.

Note: Zero is eguivalent to 65,536 in binary counter operation and 10,000 in
BCD counter operation.
Note: BASI C Programmers—NI-DAQ passes count as a 16-bit unsigned

number. In BASIC, integer variables are represented by a 16-bit two's
complement system. Thus, count values greater than 32,767 must be
passed as negative numbers. One way to obtain the count value to be
passed isto assign therequired number between zero and 65,535 to a long
variable and then obtain count as shown below:

count% = | count& - 65,536

binBcd controls whether the counter operates as a 16-bit binary counter or as a4-decade
binary-coded decimal (BCD) counter.

0: 4-decade BCD counter.

1 16-bit binary counter.
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Format

status = Init_DA_Brds (deviceNumber, deviceNumber Code)

Purpose

Initializes the hardware and software states of a National Instruments DAQ deviceto its
default state, and then returns a numeric device code that corresponds to the type of
deviceinitialized. Any operation that the deviceis performing ishalted. Thisfunctionis
called automatically and does not have to be explicitly called by your application. This
function is useful for reinitializing the device hardware, for reinitializing the NI-DAQ
software, and for determining which device has been assigned to a particular slot
number. | ni t _DA_Br ds will clear all configured messagesfor thedevicejust asif you
called Conf i g_DAQ Event Message with amode of 0.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
Output
Name Type Description
deviceNumber Code i16 type of device

Parameter Discussion

deviceNumber Code indicates the type of device initialized.
-1 Not a National Instruments DAQ device.

0: AT-MIO-16L-9.
1 AT-MIO-16L-15.
2: AT-MIO-16L-25.
4 AT-MIO-16H-9.
5: AT-MIO-16H-15.
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6: AT-MIO-16H-25.
7 PC-DIO-24.
8: AT-DIO-32F.
11: AT-MIO-16F-5.
12: PC-DIO-96.
13: PC-LPM-16.
14: PC-TIO-10.
15: AT-AO-6.
19: AT-MIO-16X.
20: AT-MIO-64F-5.
21: AT-MIO-16DL-9.
22: AT-MIO-16DL-25.
23: AT-MIO-16DH-9.
24. AT-MIO-16DH-25.
25: AT-MIO-16E-2.
26: AT-AO-10.
27 AT-A2150C.
28: Lab-PC+.
30: SCX1-1200.
31: DAQCard-700.
32: NEC-MIO-16E-4.
33: DAQPad-1200.
35: DAQCard-DI0O-24.
36: AT-MIO-16E-4.
37 AT-MIO-16DE-10.
38: AT-MIO-64E-3.
39: AT-MIO-16XE-50.
40: NEC-AI-16E-4.
41. NEC-MIO-16XE-50.
42: NEC-AI-16X E-50.
43: DAQPad-M10-16XE-50.
44. AT-MIO-16E-1.
45; PC-OPDIO-16.
46: PC-AO-2DC.
47. DAQCard-AO-2DC.
48: DAQCard-1200.
49: DAQCard-500
50: AT-MIO-16XE-10.
51: AT-Al-16XE-10.
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52: DAQCard-Al-16XE-50.
53: DAQCard-Al-16E-4.
54: DAQCard-516.
55: PC-516.
57: Lab-PC-1200.
58: Lab-PC-1200Al.
56: PC-LPM-16PnP.
59: VXI-MIO-64E-1.
60: VXI-MI0O-64X E-10.
61: VXI-AO-48XDC.
62: VXI-DIO-128.
65: PC-DI0O-24PnP.
66: PC-DI10O-96PnP.
67: AT-DIO-32HS.
69: DAQArb AT-5411.
200: PCI-DIO-96.
201: PCI-1200.
202: PCI-MI0O-16X E-50.
204: PCI-MI0O-16XE-10.
205: PCI-MI0O-16E-1.
206: PCI-MI0O-16E-4.
211: PCI-DIO-32HS.
212: DAQArb PCI-5411.
= Note: C Programmers—deviceNumber Code is a pass-by-reference parameter.

Notes: (AT-MI0O-16X only) Calibration of the AT-MIO-16X takesup to 2 s.
Therefore, 1 nit _DA Brds(), which callsM O _Cal i brate(), can
take up to 2 sto execute.

Using This Function

I ni t DA _Br ds initializes the device in the specified slot to the default conditions.
These conditions are summarized for each device as follows:

e MIO and Al devices

— Anaog Input defaults:
number of channels = 2.
Mode = Differential.
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Range=20V (10 V for AT-MIO-16F-5, AT-MI10-64F-5, and 12-bit
E Series).

Polarity = Bipolar (-10 V to +10 V for M10-16, AT-MI0-16D,
AT-MIO-16X, and 16-bit E Series devices; and -5to +5 V for all other
devices).

External conversion = Disabled.

Start trigger = Disabled.

Stop trigger = Disabled.

Coupling = DC coupling.

Gain and offset calibration values are loaded (AT-MI0O-16F-5 only).

— Analog Output defaults (MI1O devices only):
Range=20V.
Reference=10V.
Mode = Bipolar (-10 to +10 V).
Level =0 V.

— Digital Input and Output defaults:
Direction = Input.
For ports 2, 3, and 4 of the AT-MI10-16D and AT-MI10-16DE-10, see also
the default conditions of ports 0, 1, and 2 of the DIO-24.

— Counter/Timer defaults for Am9513-based MIO devices:

Gating mode = No gating.

Output type = Terminal count toggled (that is, TC toggled).

Output polarity = Positive.

Edge mode = Count rising edges.

Count mode = Count once.

Output level = Off. After you call I ni t _DA Br ds, the output of each
counter isin a high-impedance state. Counter 1 on the M10-16 and
AT-MIO-16D, and counters 1, 2, and 5 on the AT-MIO-16F-5,
AT-MIO-64F-5, and AT-M10-16X are pulled up to +5 V while in the
high-impedance state.

+ DIO-24/DIO-32F/DIO-32HS/DIO-96

— Digital Input and Output defaults:
Direction = Input.
Handshaking = Disabled.
Group assignments = No ports assigned to any group.
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« PC-TIO-10

— Analog Digital Input and Output defaults:
Mode = Differential.
Direction = Input.

— Counter/Timer defaults:
Gating mode = No gating.
Output type = Terminal count toggled.
Output polarity = Positive.
Edge mode = Count rising edges.
Count mode = Count once.
Output level = Off.

 VXI-DIO-128

— Digital Input and Output defaults:
Direction = Input (ports O through 7).
Direction = Output (ports 8 through 15).
Input ports logic threshold: 1500 mV.

*  VXI-AO-48XDC

— Anaog Output defaults:
Mode = Bipolar (-10 to 10 V).

— Digital Input and Output defaults:
Direction = Input.
Range=20V.
Reference=10V.

* Lab and 1200 series devices

— Analog Input defaults:
Input mode = Single-ended (eight single-ended input channels).
Polarity = Bipolar (-5 to +5 V).
External conversion = Disabled.
Start trigger = Disabled.
External conversion = Stop trigger = Disabled.

— Analog Output defaults:
Mode = Bipolar (-5 to +5 V).
Range=20Level =0 V.

— Digital Input and Output defaults:
Direction = Input.
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Handshaking = Disabled.
Group assignments = No ports assigned to any group.

— Counter/Timer defaults:
Output level = Logical low.

+ 516 and LPM devices and DAQCard-500/700

— Anaog Input default:

Mode = Single-ended (Differential also possible for 516 devices and
DAQCard-700).

Reference = Range=10V.

Polarity = Bipolar (-5to +55 V).

Stop trigger = External conversion = Disabled.

Mode = Differential.

Calibrated.

— Digital Input and Output defaults:
Output port voltage level =0 V.

— Counter/Timer defaults:
Output level = Logical low.

+ AT-AO-6/10

— Analog Output defaults:
Range=20V.
Reference=10V.
Mode = Bipolar (-10 to +10 V).
Level =0 V.
Group assignments = No channels assigned to any group.
Digital input and output defaults direction = Input.
Translate and demux = Disabled.

e AO-2DC devices

— Analog Output defaults:
Mode = Unipolar (O to 10 V).
Level =0 V.

— Digital Input and Output defaults:
Direction = Input.

+  DAQArb AT-5411 and DAQArb PCI-5411

— Defaults
Analog filter = On.
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Digital filter = On.

Frequency correction for analog filter = Disabled.
Output attenuation = 0 decibels.

Output enable = Off.

Output impedance = 50 Q.

PLL reference frequency = 20 MHz.

PLL reference source = Internal.

RTSI clock source = Disabled.

SYNC duty cycle = 50%.

Timebase = 40 MHz.

Trigger mode = Continuous.

Trigger source = Automatic (the software provides the triggers).
Update clock source = Internal.

Of al these defaults, you can alter only the analog input and analog output settings of
the non-E Series MIO and Al devices, Lab-PC+, and PC-LPM-16 devices by setting
jumpers on the device. If you have changed the jumpers from the factory settings, you
must call either Al _Conf i gur e and/or AO_Conf i gur e after I nit _DA Brds so
that the software copies of these settings reflect the true settings of the device.

If any device resources have been reserved for SCXI use when you make a call to

I nit DA Brds,thoseresourceswill still be reserved after you makethefunction call.
Please refer to Chapter 12, SCXI Hardware, in the DAQ Hardware Overview Guide for
listings of the different device resources that may be reserved for SCXI.
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Format
status=Lab_ISCAN_Check (deviceNumber, daqStopped, retrieved, finalScanOrder)

Purpose
Checks whether the current multiple-channel scanned data acquisition begun by the
Lab_| SCAN_St art function is complete and returns the status, the number of
samples acquired to that point, and the scanning order of the channels in the data array
(DAQCard-500/700 and 516, Lab and 1200 series, and LPM devices only).

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
Output
Name Type Description
dagqStopped i16 indicates whether the data acquisition has
completed
retrieved u32 number of samples collected by the acquisition
finalScanOrder [i16] the scan channel order

Parameter Discussion
daqStopped returns an indication of whether the data acquisition has completed.
1 The data acquisition operation has stopped. Either NI-DAQ has acquired all
the samples or an error has occurred.
0: The data acquisition operation is not yet complete.

retrieved indicatesthe progress of an acquisition. The meaning of retrieved dependson
whether you have enabled pretrigger mode (see DAQ St opTri gger _Confi g).
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If pretrigger modeis disabled, retrieved returns the number of samples collected by the
acquisition at the time of the call to Lab_1 SCAN_Check. The value of retrieved
increases until it equals the total number of samples to be acquired, at which time the
acquisition terminates.

However, if pretrigger mode is enabled, retrieved returns the offset of the position in
your buffer where NI-DAQ places the next data point when the function acquires. After
the value of retrieved reaches count - 1 and rolls over to O, the acquisition beginsto
overwrite old data with new data. When you apply asignal to the stop trigger input, the
acquisition collects an additional number of samples specified by ptsAfter Stoptrigin
the call to DAQ_St opTri gger _Confi g and then terminates. When

Lab_| SCAN Check returns a status of 1, retrieved contains the offset of the oldest
data point in the array (assuming that the acquisition has written to the entire buffer at
least once). In pretrigger mode, Lab_| SCAN_Check automatically rearranges the
array upon completion of the acquisition so that the oldest data point is at the beginning
of the array. Thus, retrieved always equals O upon completion of a pretrigger mode
acquisition. Since the stop trigger can occur in the middle of a scan sequence, the
acquisition can end in the middle of a scan sequence. So, when the function rearranges
the data in the buffer, the first sample may not belong to the first channel in the scan
sequence. Y ou can examine the finalScanOrder array to find out the way the datais
arranged in the buffer.

finalScanOrder isan array that indicates the scan channel order of the datain the buffer
passed to Lab_| SCAN_St art . The size of finalScanOrder must be at least equal to
the number of channels scanned. This parameter is valid only when NI-DAQ returns
daqStopped as 1 and is useful only when you enable pretrigger mode (Lab and 1200
series devices only).

If you do not use pretrigger mode, the values contained in final ScanOrder are, in
single-ended mode, n-1, n-2, ...1, 0to O, in that order, and in differential mode, 2*(n-1),
2*(n-2), ..., 2, 0, inthat order, where n is the number of channels scanned. For example,
if you scanned three channels in single-ended mode, the final ScanOrder returns;

finalScanOrder[0] = 2.

finalScanOrder[1] = 1.

finalScanOrder[2] = 0.

So the first sample in the buffer belongs to channel 2, the second sample belongs to
channel 1, the third sample belong to channel 0, the fourth sample belongs to channel 2,
and so on. Thisisthe scan order expected from the Lab-PC+ and final ScanOrder isnot
useful in this case.
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If you use pretrigger mode, the order of the channel nhumbersin finalScanOrder
depends on where in the scan sequence the acquisition ended. This can vary because the
stop trigger can occur in the middle of a scan sequence, which would cause the
acquisition to end in the middle of a scan sequence so that the oldest data point in the
buffer can belong to any channel in the scan sequence. Lab_| SCAN_Check rearranges
the buffer so that the oldest data point is at index O in the buffer. This rearrangement
causes the scanning order to change. This new scanning order is returned by
finalScanOrder. For example, if you scanned three channels, the original scan order is
channel 2, channel 1, channel 0, channel 2, channel 1, channel 0, and so on. However,
after the stop trigger, if the acquisition ends after taking a sample from channel 1, the
oldest data point belongs to channel 0. So finalScanOrder returns;

finalScanOrder[0] = 0.

finalScanOrder[1] = 2.

finalScanOrder[2] = 1.

So the first sample in the buffer belongs to channel 0, the second sample belongs to
channel 2, the third sample belongs to channel 1, the fourth sample belongs to channel
0, and so on.

Note: C Programmers—dagStopped and retrieved are pass-by-reference
parameters.

Using This Function

Lab_1 SCAN_Check checks the current background data acquisition operation to
determine whether it has completed and returns the number of samples acquired at the
time that you called Lab_| SCAN_Check. If the operation is complete,

Lab_1 SCAN_Check setsdaqStopped = 1. Otherwise, daqStopped is set to 0. Before
Lab_1 SCAN_Check returnsdaqStopped = 1, it calls DAQ_Cl ear , allowing another
Start call to execute immediately.

If Lab_I| SCAN_Check returnsan over FlowError or an over RunError, NI-DAQ has
terminated the data acquisition operation because of lost A/D conversions due to a
sample rate that is too high (sample interval was too small). An over FlowError
indicates that the A/D FIFO memory overflowed because the data acquisition servicing
operation was not able to keep up with samplerate. An over RunError indicatesthat the
data acquisition circuitry was not able to keep up with the sample rate. Before returning
either of these error codes, Lab_| SCAN_Check callsDAQ _Cl ear to terminate the
operation and reinitialize the data acquisition circuitry.
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Format

status=Lab_ISCAN_Op (deviceNumber, numChans, gain, buffer, count, sampleRate,

Purpose

scanRate, final ScanOrder)

Performs a synchronous, multiple-channel scanned data acquisition operation.
Lab_1 SCAN_Op does not return until NI-DAQ has acquired all the data or an
acquisition error has occurred (DAQCard-500/700 and 516, Lab and 1200 series,

and LPM devices only).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
numChans i16 number of channels to be scanned
gain i16 gain setting
count u32 number of samplesto be acquired
sampleRate f64 desired samplerate in units of pts/s
scanRate f64 desired scan rate in units of scans/s
Output
Name Type Description
buffer [i16] contains the acquired data
finalScanOrder [i16] the scan channel order of the data
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Parameter Discussion

numChans is the number of channels to be scanned in a single scans sequence. The
value of this parameter also determines which channels NI-DAQ scans because these
devices have a fixed scanning order. The scanned channels range from numChans - 1
to channel 0. If you are using SCX| modules with additional multiplexers, you must scan
the anal og input channels on the DAQ devicethat correspondsto the SCX 1 channelsyou
want. Y ou should select the SCX| scan list using SCXI _SCAN_Set up before you call
this function. Please refer to the NI-DAQ User Manual for PC Compatibles for more
information on SCXI channel assignments.
Range: 1 through 4 for the 516 and Lab and 1200 series devicesin differential mode.

1 through 8 for DAQCard-500 (single-ended mode only).

1 through 8 for DAQCard-700 in differential mode.

1 through 8 for the Lab and 1200 series devices in single-ended mode.

1 through 16 for LPM devices or DAQCard-700 in single-ended mode.

gain isthe gain setting to be used for the scanning operation. The same gain is applied
to all the channels scanned. This gain setting applies only to the DAQ device; if you use
SCXI modules with additional gain selection, you must establish any gain you want at
the SCXI module either by setting jumpers on the module or by calling

SCXI _Set _Gai n. The following gain settings are valid for the Lab and 1200 series
devices—1, 2, 5, 10, 20, 50, and 100. If you use an invalid gain, NI-DAQ returns an
error. NI-DAQ ignores gain for the DAQCard-500/700 and 516 and LPM devices.

buffer isan integer array. buffer must have alength not |less than count. When
Lab_| SCAN_Op returnswith an error code of zero, buffer contains the acquired data.

count isthe number of samples to be acquired (that is, the number of A/D conversions

to be performed).

Range:  3through 2% - 1 (except Lab and 1200 series devices, which are limited to
65,535).

sampleRate is the sample rate you want in units of pts/s.

Range: Roughly 0.00153 pts/s through 62,500 pts/s (Lab and 1200 series devices).
Roughly 0.00153 pts/s through 50,000 pts/s (DA QCard-500/700 and 516 and
LPM devices).

Note: If you are using an SCXI1-1200 with remote SCXI, the maximum rate will
depend on the baud rate setting and count. Refer to the SCXI-1200 User
Manual for more details.
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scanRateisthe scan rate you want in units of scans/s. Thisistherate at which NI-DAQ
performs scans. NI-DAQ performs ascan each time NI-DAQ samplesall channelsin the
scan sequence. ScanRate must be slightly less than sampleRate/numChans due to a
5 usdelay interval to thedriver. Lab_| SCANinterval scanning is available on the Lab
and 1200 series devices only.

Range: 0 and roughly 0.00153 scans/s through 62,500 scans/s.

= Note If you are using an SCXI-1200 with remote SCXI, the maximum rate will
depend on the baud rate setting and count. Refer to the SCXI-1200 User
Manual for more details.

A value of 0 disablesinterval scanning.

finalScanOrder isan array that indicates the scan channel order of the datain the buffer
passed to Lab_| SCAN_Op. The size of finalScanOrder must be at least equal to the
number of channels scanned. This parameter isvalid only when the error is returned to
zero and is useful only when pretrigger mode is enabled (Lab and 1200 series devices

only).

If you do not use pretrigger mode, the values contained in finalScanOrder are, in
single-ended mode, n-1, n-2, ..., 1, 0, in that order, and in differential mode, 2 (n-1),
2(n-2), ..., 1, 0, in that order, where n is the number of channels scanned. For example,
if you scanned three channels in single-ended mode, the final ScanOr der returns:

finalScanOrder[0] = 2.

finalScanOrder[1] = 1.

finalScanOrder[2] = 0.

So the first sample in the buffer belongs to channel 2, the second sample belongs to
channel 1, the third sample belongs to channel 0, the fourth sample belongs to

channel 2, and so on. Thisis exactly the scan order you would expect from the Lab and
1200 series devices and final ScanOrder is not useful in this case.

If you use pretrigger mode, the order of the channel humbersin finalScanOrder
depends on where in the scan sequence the acquisition ended. This can vary because the
stop trigger can occur in the middle of a scan sequence, which causes the acquisition to
end in the middle of a scan sequence so that the oldest data point in the buffer can belong
to any channel in the scan sequence. Lab_1 SCAN_Op rearranges the buffer so that the
oldest datapoint isat index O inthe buffer. Thisrearrangement causesthe scanning order
to change. This new scanning order isreturned by finalScanOrder. For example, if you
scanned three channels, the original scan order is channel 2, channel 1, channel 0,
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channel 2, and so on. However, after the stop trigger, if the acquisition ends after taking
a sample from channel 1, the oldest data point belongs to channel 0.

So finalScanOrder returns:
finalScanOrder[0] = 0.
finalScanOrder[1] = 2.
finalScanOrder[2] = 1.

Therefore the first samplein the buffer belongsto channel 0, the second sample belongs
to channel 2, the third sample belongsto channel 1, the fourth sample belongsto channel
0, and so on.

Using This Function

Lab_1 SCAN_Op initiates a synchronous process of acquiring A/D conversion samples
and storing them in a buffer. Lab_| SCAN_Op does not return control to your
application until NI-DAQ acquiresall the samplesyou want (or until an acquisition error
occurs). When you use posttrigger mode, the process stores count A/D conversionsin
the buffer and ignores any subsequent conversions.

Note: If you have selected external start triggering of the data acquisition
operation, alow-to-high edge at the EXTTRI G of the Lab and 1200 series
device /0O connector input initiates the operation. Be aware that if you do
not applythestarttrigger, Lab_| SCAN_Qp doesnot return control to your
application. Otherwise, Lab_| SCAN_Qp issues a software trigger to
initiate the data acquisition operation.

If you have enabled pretrigger mode, the sample counter does not begin counting
acquisitions until you apply asignal at the stop trigger input. Until you apply thissignal,
the acquisition remainsin acyclical mode, continually overwriting old datain the buffer
with new data. Again, if the stop trigger isnot applied, Lab_1 SCAN_Op doesnot return
control to your application.

Inany case, you canuse Ti meout _Conf i g to establish amaximum length of timefor
Lab_1 SCAN_Op to execute.
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Format

status=Lab_ISCAN_Start (deviceNumber, numChans, gain, buffer, count, sampTimebase,

Purpose

sampl nterval, scanlnterval)

Initiates a multiple-channel scanned data acquisition operation and storesitsinput in an
array (DAQCard-500/700 and 516, Lab and 1200 series, and LPM devices only).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
numChans i16 number of channels to be scanned
gain i16 gain setting
count u32 total number of samplesto be acquired
sampTimebase i16 timebase, or resolution, used for the
sample-interval counter
samplnterval ul6 length of the sample interval
scanlnterval ul6 length of the scan interval
Output
Name Type Description
buffer [i16] results of the scanned data acquisition
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Parameter Discussion
numChansisthe number of channelsto be scanned in asingle scan sequence. Thevalue
of this parameter also determines which channels NI-DAQ scans because these
supported devices have a fixed scanning order. The scanned channels range from
numChans - 1 to channel 0. If you are using SCX| modules with additional
multiplexers, you must scan the appropriate analog input channels on the DAQ device
that corresponds to the SCX| channels you want. Y ou should select the SCXI scan list
using SCXI _SCAN_Set up before you call this function. Please refer to Chapter 12,
CXI Hardware, in the DAQ Hardware Overview Guide and the NI-DAQ User Manual
for PC Compatibles for more information on SCXI channel assignments.
Range: 1 through 4 for the 516 and Lab and 1200 series devicesin differential mode.
1 through 8 for the DAQCard-500 (single-ended mode only).
1 through 8 for the DAQCard-700 in differential mode.
1 through 8 for the 516 and Lab and 1200 series devices in single-ended
mode.
1 through 16 for the DAQCard-700 and LPM devices in single-ended mode.

gain isthe gain setting to be used for the scanning operation. NI-DAQ applies the same
gainto all the channels scanned. This gain setting appliesonly to the DAQ device; if you
are using SCX 1 modules with additional gain selection, you must establish any gain you
want at the SCX1 module either by setting jumpers on the module or by calling

SCXI _Set _Gai n. The following gain settings are valid for the Lab and 1200 series
devices: 1, 2, 5, 10, 20, 50, 100. If you use an invalid gain setting, NI-DAQ returns an
error. NI-DAQ ignores gain for the DAQCard-500/700 and 516 and L PM devices.

buffer isan integer array. buffer must have alength equal to or greater than count.

count isthe total number of samples to be acquired (that is, the number of A/D

conversions to be performed). For double-buffered acquisitions, count must be even.

Range: 3 through 232 - 1 (except the Lab and 1200 series devices, which are limited
to 65,535 unless enabled for double-buffered mode).

sampTimebaseisthetimebase, or resolution, to be used for the sample-interval counter.
The sample-interval counter controls the time that elapses between acquisition of
samples within a scan sequence.

sampTimebase has the following possible val ues:
1 1 MHz clock used as timebase (1 ps resolution).
2: 100 kHz clock used as timebase (10 ps resolution).
3: 10 kHz clock used as timebase (100 ps resolution).
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4. 1 kHz clock used as timebase (1 ms resolution).
5: 100 Hz clock used as timebase (10 ms resolution).

If sample-interval timing isto be externally controlled, NI-DAQ ignores
sampTimebase and the parameter can be any value.

sampl nterval indicates the length of the sample interval (that is, the amount of time to
elapse between each A/D conversion within a scan sequence).
Range: 2 through 65,535.

The sample interval is afunction of the timebase resolution. NI-DAQ determines the
actual sample interval in seconds by the following formula:

samplnterval * (sample timebase resol ution)

where the sampl e timebase resol ution is equal to one of the values of sampTimebase as
specified above. For example, if samplnterval = 25 and sampTimebase = 2, the actual
sampleinterval is 25 * 10 ps = 250 ps. The total sample interval (the time to complete
one scan sequence) in seconds is the actual sample interval * number of channels
scanned. If the sample interval isto be externally controlled by conversion pulses
applied to the EXTCONV* input, NI-DAQ ignores the sampl nter val and the parameter
can be any value.

scanlnterval indicates the length of the scan interval. Thisis the amount of time to
elapse between scans. The timebase for this parameter is actually the sampTimebase
parameter. The function performs a scan each time NI-DAQ samples all channelsin the
scan sequence. Therefore, scanlnter val must be greater than or equal to samplnterval
* numChans +5 ps.

Range: 0 and 2 through 65,535.

NI-DAQ determines the actual scan interval in seconds by the following formula:
scanlnterval * (sample timebase resolution)

A value of 0 disablesinterval scanning. Lab_| SCANinterval scanning is not available
on the DAQCard-500/700 and 516 and LPM devices.

Using This Function

If you did not specify external sample-interval timing by the DAQ _Conf i g call,
NI-DAQ sets the sample-interval counter to the specified samplnterval and
sampTimebase, and setsthe sample counter up to count the number of samplesacquired
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and to stop the data acquisition process when the number of samples acquired equals
count. If you have specified external sample-interval timing, the data acquisition
circuitry relies on pulses received on the EXTCONV* input to initiate individual A/D
conversions.

Lab_| SCAN_St art initializes a background data acquisition process to handle
storing of A/D conversion samplesinto the buffer as NI-DAQ acquires them. When you
use posttrigger mode (with pretrigger mode disabled), the process stores up to count
A/D conversion samples into the buffer and ignores any subsequent conversions. The
order of the scan is from channel n-1 to channel 0, where n is the number of channels
being scanned. For example, if numChansis 3 (that is, you are scanning three
channels), NI-DAQ stores the data in the buffer in the following order:

First sample from channel 2, first sasmple from channel 1, first sample from channel
0, second sample from channel 2, and so on.

Y ou cannot make the second call to Lab_I SCAN_St ar t without terminating this
background data acquisition process. If acall to Lab_| SCAN_Check returns
dagStopped = 1, the samples are available and NI-DAQ terminates the process. In
addition, acall to DAQ_Cl ear terminates the background data acquisition process.
Noticethat if acall to Lab_| SCAN_Check returns an error code of -75 or -76, or
dagStopped = 1, the process is automatically terminated and there is no need to call
DAQ Cl ear.

For the Lab and 1200 series devices, if you enable pretrigger mode,

Lab_| SCAN St art initiatesacyclical acquisition that continually fills the buffer
with data, wrapping around to the start of the buffer once NI-DAQ has written to the
entire buffer. When you apply the signal at the stop trigger input, Lab_1 SCAN_St ar t
acquires an additional number of samples specified by the ptsAfter Stoptrig parameter
in DAQ_St opTri gger _Conf i g and then terminates.

Since the trigger can occur at any point in the scan sequence, the scanning operation can
end in the middle of a scan sequence. See the description for Lab_| SCAN_Check to
determine how NI-DAQ rearranges the buffer after the acquisition ends. When you
enable pretrigger mode, the length of the buffer, which is greater than or equal to count,
should be an integral multiple of numChans.

If you have selected external start triggering of the data acquisition operation, a low-to-
high edge at the EXTTRIG of the Lab and 1200 series device I/O connector input
initiates the data acquisition operation after the Lab_| SCAN_St art call is complete.
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Otherwise, Lab_| SCAN_St art issues a software trigger to initiate the data
acquisition operation before returning.

= Note: I f your application callsLab_| SCAN_St ar t , always make sure that you
call DAQ_C ear before your application terminates and returns control
to the operating system. Unless you make this call (either directly, or
indirectly through Lab_| SCAN_Check or DAQ DB_Tr ansf er),
unpredictable behavior might result.

© National Instruments Corporation 2-277 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

Lab_ISCAN_to Disk

Format

status=Lab_ISCAN_to Disk (deviceNumber, numChans, gain, filename, count, sampleRate,
scanRate, concat)

Purpose
Performs a synchronous, multiple-channel scanned data acquisition operation and
simultaneously savesthe acquired datain adisk file. Lab_| SCAN_t o_Di sk does not
return until NI-DAQ has acquired and saved all the data or an acquisition error has
occurred (DAQCard-500/700 and 516, Lab and 1200 series, and LPM devices only).

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
numcChans i16 number of channels to be scanned
gain i16 gain setting
filename STR name of the datafile to be created
count u32 number of samplesto be acquired
sampleRate f64 desired sample rate in units of pts/s
scanRate f64 desired scan rate in units of pts/s
concat i16 enables concatenation of datato an existing file

Parameter Discussion
numChansisthe number of channelsto be scanned in asingle scan sequence. Thevalue
of this parameter also determines which channels NI-DAQ scans because these
supported devices have a fixed scanning order. The scanned channels range from
numChans - 1 to channel 0. If you are using SCX| modules with additional
multiplexers, you must scan the appropriate analog input channels on the DAQ device
that corresponds to the SCXI channels you want. Y ou should select the SCXI scan list
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using SCXI _ SCAN_Set up before you call this function. Please refer to Chapter 12,
SCXI Hardware, in the DAQ Hardware Overview Guide and the NI-DAQ User Manual
for PC Compatibles for more information on SCXI channel assignments.
Range: 1 through 4 for the 516 and Lab and 1200 series devicesin differential mode.
1 through 8 for the DAQCard-500 (single-ended mode only).
1 through 8 for the DAQCard-700 in differential mode.
1 through 8 for the 516 and Lab and 1200 series devices in single-ended
mode.
1 through 16 for the DAQCard-700 and LPM devices in single-ended mode.

gain isthe gain setting to be used for the scanning operation. NI-DAQ applies the same
gainto all the channels scanned. This gain setting applies only to the DAQ device; if you
use SCXI| modules with additional gain selection, you must establish any gain you want
at the SCX| module either by setting jumpers on the module or by calling

SCXI _Set _Gai n. The following gain settings are valid for the Lab and 1200 series
devices: 1, 2, 5, 10, 20, 50, 100. If you use an invalid gain setting, NI-DAQ returns an
error. NI-DAQ ignores gain for the DAQCard-500/700 and LPM devices.

count is the number of samples to be acquired (that is, the number of A/D conversions
to be performed). Thelength of your datafile should be exactly twice the value of count.
If you have previously enabled pretrigger mode (by acall to

DAQ St opTri gger _Confi g) NI-DAQ ignores the count parameter.

Range:  3through 2%2- 1.

sampleRate is the sample rate you want in units of pts/s.

Range: Roughly 0.00153 pts/s through 62,500 pts/s (Lab and 1200 series devices).
Roughly 0.00153 pts/s through 50,000 pts/s (DAQCard-500/700 and 516 and
LPM devices).

= Note If you are using an SCXI-1200 with remote SCXI, the maximum rate will
depend on the baud rate setting and count. Refer to the SCXI-1200 User
Manual for more details.

scanRate is the scan rate you want in units of pts/s. Thisisthe rate at which NI-DAQ
performs scans. The function performs a scan each time NI-DAQ samples all channels
in the scan sequence. Therefore, scanRate must be equal to or greater than sampleRate
* numChans. Lab_| SCANinterval scanning is available on the Lab and 1200 devices
only.

Range: 0 and roughly 0.00153 pts/s through 62,500 pts/s.
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Note: If you are using an SCXI-1200 with remote SCXI, the maximum rate will
depend on the baud setting. Refer to the SCXI-1200 User Manual for more
details.

A value of 0 disablesinterval scanning.

concat enables concatenation of datato an existing file. Regardless of the value of
concat, if the file does not exist, NI-DAQ creates the file.

0: Overwritefileif it exists.

1 Concatenate new data to an existing file.

Using This Function

Lab_1 SCAN t o_Di sk initiates a synchronous process of acquiring A/D conversion
samplesand storing themin adisk file. Lab_| SCAN_t o_Di sk doesnot return control
to your application until NI-DAQ acquires and saves all the samples you want (or until
an acquisition error occurs). For the Lab and 1200 series devices, when you use
posttrigger mode, the process stores count A/D conversions in the file and ignores any
subsequent conversions.

Note: If you have selected external start triggering of the data acquisition
operation, alow-to-high edge at the EXTTRI G of the Lab and 1200 series
device I/O connector input initiates the data acquisition operation. Be
aware that if you do not apply the start trigger, Lab_1 SCAN t o_Di sk
does not return control to your application. Otherwise,

Lab | SCAN t o_Di sk issues a software trigger to initiate the data
acquisition operation.

If you have enabled pretrigger mode, the sample counter does not begin counting
acquisitions until you apply asignal at the stop trigger input. Until you apply thissignal,
the acquisition continues to write data into the disk file. NI-DAQ ignores the value of
the count parameter when you enable pretrigger mode. If you do not apply the stop
trigger, Lab_| SCAN_t o_Di sk returns control to your application because you will
eventually run out of disk space.

Inany case, you canuse Ti meout _Conf i g to establish amaximum length of timefor
Lab_ | SCAN t o_Di sk to execute.
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LPM16_Calibrate

Format
status=LPM16_Calibrate (deviceNumber)

Purpose

Calibrates the LPM devices converter. The calibration calcul ates the correct offset
voltage for the voltage comparator, adjusts positive linearity and full-scale errorsto less
than +0.5 L SB each, and adjusts zero error to less than £1 L SB.

Parameters
Input
Name Type Description
Windows
deviceNumber 116 assigned by configuration
utility

Using This Function

When the function is called, the ADC1241 ADC goesinto a self-calibration cycle. The
function does not return until the self-calibration is completed.
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Format

status=MI1O_Calibrate (deviceNumber, calOP, saveNewCal, EEPROMIoc, calRefChan,
DACOchan, DAC1chan, calRefVoalts, refL oc)

Purpose
Note: If you have an E Seriesdevice, useCal i brate_E_Seri es.

7

Y ou can use this function to calibrate your AT-MIO-16F-5, AT-MI10-64F-5, and
AT-MIO-16X devices. You need to calibrate your device:

» If itisoperating in an environment with a temperature that differs by more than
10° C from the temperature at which the device was calibrated. Y our deviceis
calibrated at the factory at room temperature (25° C).

¢ Onceevery year.

Y ou can perform a new calibration or use an existing set of calibration constants by
copying the constantsfrom their storage location in the onboard EEPROM. Y ou also can
store calibration constants. NI-DAQ automatically loads the calibration constants stored
in the EEPROM load area the first time you call afunction pertaining to the
AT-MIO-16F-5, AT-MIO-64F-5, or AT-MI0O-16X devices that requires calibration
constants to be loaded (when you call an Al , AO, DAQ, SCAN, or WFMfunction).

Theload areafor the AT-MIO-16F-5isuser area5. Theload areafor the AT-M|10O-64F-5
and AT-MIO-16X is user area 8.

Warning: Read the calibration chapter in your device user manual before using
M O Calibrate.
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Continued
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
calOP 116 operation to be performed
saveNewCal i16 save new calibration constants
EEPROMIoc i16 storage location
calRefChan 116 Al channel that the calibration voltageis
connected to
DACOchan i16 Al channel that DACO is connected to
DAC1chan i16 Al channel that DAC1 is connected to
calRefVolts f64 DC cdlibration voltage
reflLoc i16 source of the internal voltage reference constants

Parameter Discussion
calOP determines the operation to be performed.

1:
2

3

a

Load calibration constants from EEPROM | oc.

Calibrate the ADC using internal reference voltage calibration constantsin
refLoc.

Calibrate the DACs using internal voltage calibration constantsin refL oc;
DACOchan and DAC1chan are the analog input channels to which DACO
and DAC1 are connected, respectively.

Calibrate the internal reference voltage. Y ou must connect a DC voltage of
calRefVolts to the analog input channel calRefChan. The calibration
constants are always stored in refL oc.

Copy ADC calibration constants from EEPROM loc to EEPROM load area.
Copy DAC calibration constants from EEPROM loc to EEPROM load area.
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Note: (AT-M10-16F-5 usersonly) When calOp is 3, you must connect each DAC
to the negative side of the respective input channel. Otherwise, the
calibration will not converge.

saveNewCal is only valid when calOP is 2 or 3.
0: Do not save new calibration constantsin EEPROM loc.
1 Save new calibration constantsin EEPROM loc.

EEPROM oc selects the storage location in the onboard EEPROM. Y ou can use
different sets of calibration constants to compensate for configuration or environmental
changes.

For the AT-MIO-16F-5;

User calibration area 1.

User calibration area 2.

User calibration area 3.

User calibration area 4.

User calibration area 5 (initial load area).

Factory calibration area (you cannot write into this area).

QuhRrwdhRE

For theAT MIO-64F-5 and AT-MIO-16X:

User calibration area 1.

User calibration area 2.

User calibration area 3.

User calibration area 4.

User calibration area 5.

User calibration area 6.

User calibration area 7.

User calibration area 8 (initial load area).

Factory calibration area for unipolar (you cannot write to this area).
10: Factory calibration area for bipolar (you cannot write to this area).

oNoRRWNE

calRefChan isthe analog input channel that the calibration voltage is connected to when
calOP is4.
Range: 0 through 7.

DACOchan isthe analog input channel that DACO is connected to when calOP is3. This
parameter is not applicable to the AT-MI0O-64F-5 because its DACO is internally
wrapped back.

Range: 0 through 7.
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DACI1chan istheanalog input channel that DAC1 isconnected to when calOP is3. This
parameter is not applicable to the AT-MIO-64F-5 because its DACO is internally
wrapped back.

Range: 0 through 7.

calRefVoltsisthe value of the DC calibration voltage connected to calRefChan when
calOP is4.
Range: +6to+10 V.

refL oc is the source of the internal voltage reference constants when calOp is2 or 3.
When calOP is 4, NI-DAQ stores the internal voltage reference constantsin refL oc.
User reference area 1.

User reference area 2.

User reference area 3 (AT-MI0O-16X and AT-MI0-64F-5 only).

User reference area 4 (AT-MI0O-16X and AT-MI0-64F-5 only).

Factory reference area (you cannot write to this area).

QRN E

Using This Function

Note: Calibration of your M1O or Al device takes some time. Do not be alarmed
if theM O_Cal i br at e function takes several seconds to execute.

Unless you have previously stored new internal voltage reference constantsin reflL oc
(the user reference area) 1 or 2 by callingM O_Cal i br at e with calOp set to 4, you
must use refL oc 6 (the factory reference area) when performing an ADC or aDAC
(calOp set to 2 or 3, respectively) calibration.

A calibration performed in bipolar mode is not valid for unipolar and vice versa.

M O Cal i br at e performs a bipolar or unipolar calibration, or loads the bipolar or
unipolar constants, depending on the value of the polarity parameter in the last call to
Al _Confi gur e. Because you can configure the AT-MI10-16X and AT-MI10-64F-5
polarities on a per-channel basis, M O_Cal i br at e uses channel 0 to determine the
polarity of the ADC calibration. If you take analog input measurements with the wrong
set of calibration constants loaded, you might get erroneous data.

When you use an AT-MI10-16F-5 with calOp = 3 (calibrate DACs), you must connect
the outputs of the DAC inreverseto the A/D inputs (positive to negative and vice versa).
If you do not make the connections properly, the calibration will fail to converge.
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If you have altered the device input polarity by the Al _Conf i gur e call, NI-DAQ will
automatically reload the correct calibration constants. Refer to the description of

Al _Conf i gur e function for details. Please see the calibration chapter of your device
user manual for more information regarding calibrating the device.

1% Note You should always calibrate the ADC and the DACs after calibrating the
internal reference voltage.
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MIO_Config

Format
status = M1O_Config (deviceNumber, dither, useAM UX)

Purpose
Turns dithering (the addition of Gaussian noise to the analog input signal) on and off,
for an E Series device (except the AT-MI0O-16XE-50, PCI-M10-16X E-50,
VXI-MIO-16XE-10, PCI-MI0-16XE-10, AT-MI0O-16XE-10, and AT-Al-16XE-10),
AT-MIO-16F-5, AT-MI0-64F-5, and Lab and 1200 series devices (except the
Lab-PC+). This function also lets you specify whether to use AMUX-64T channels or
onboard channels for the AT-MI0O-64F-5 and AT-MI0-64E-3.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility

dither i16 whether to add approximately 0.5 LSB rms of
white Gaussian noise to the input signal

useAMUX i16 whether to use AMUX-64T input channels or
AT-MIO-64F-5 onboard channels

Parameter Discussion

dither indicates whether to add approximately 0.5 L SB rms of white Gaussian noise to
the input signal. Thisis useful for applications that involve averaging to increase the
effective resolution of a device. For high-speed applications that do not involve
averaging, dithering is not recommended and should be disabled.

0: Disable dithering.

1 Enable dithering.

This parameter isignored for the AT-MI10-16XE-50, PCI-MI10-16XE-50,
VXI-MI0O-16XE-10, PCI-MI0-16XE-10, AT-MIO-16XE-10, and AT-Al-16XE-10.
Dithering is always enabled on this device.
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useAMUX isvalid for the AT-MI10-64F-5 and AT-M10-64E-3 only.
1 If you want to use AMUX-64T channels.
0: If you want to use onboard channels.

Using This Function
If you want to use the AMUX-64T with the AT-MIO-64F-5 or AT-MI0O-64E-3, you
must call this function to specify whether to use the AMUX-64T input channels or the
AT-MIO-64F-5 or AT-MI0O-64E-3 onboard channels. For example, if you have one
AMUX-64T device connected to the MIO connector of the AT-MI10-64F-5 or
AT-MIO-64E-3, channel numbers 16 through 63 are duplicated. If you want to use
AMUX-64T channel 20, youmust call M O_Conf i g withuseAMUX set to 1. Later, if
you decide to use onboard channel 20, you must call M O _Conf i g withuseAMUX set
to 0.
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RTSI_Clear

Format
status= RTSI_Clear (deviceNumber)

Purpose
Disconnects all RTSI bus trigger lines from signals on the specified device.

Parameter
Input
Name Type Description
deviceNumber i16 assigned by configuration utility

Using This Function
RTSI _Cl ear clearsall RTSI bus trigger line connections from the specified device,
including a system clock signal connected through acall to RTSI _Cl ock (you can
connect or disconnect other device system clocks only by changing jumpers on the
devices). After you execute RTSI _Cl ear , thedeviceisneither driving signalsonto any
trigger line nor receiving signals from any trigger line. Y ou can use this call to reset the
device RTSI businterface.
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Format
status=RTSI_Clock (deviceNumber, connect, dir)

Purpose
Connects or disconnects the system clock from the RTS| busif the device can be
programmed to do so. Y ou can connect or disconnect the other device system clock
signals to and from the RTSI bus using jumper settings.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
connect i16 connect or disconnect the system clock
dir i16 direction of the connection

Parameter Discussion
connect indicates whether to connect or disconnect the system clock from the RTSI bus.
0: Disconnect.
1 Connect.

dir indicates the direction of the connection. If connect is O, then dir is meaningless.
0: Receive clock signal from the RTSI bus trigger line.
1 Transmit clock signal to the RTSI bus trigger line.

Using This Function
RTSI _Cl ock can connect the onboard system clock of an AT-MI0-16X,
AT-MIO-64F-5, AT-AO-6/10, or aDIO-32HS to the RTSI bus. Calling RTSI _Cl ock
with connect equal to 1 and dir equal to 1 configures the specified deviceNumber to
transmit its system clock signal onto the RTSI bus. Y ou do not need to specify aRTS|
bus trigger line because NI-DAQ uses a dedicated line. Calling RTSI _Cl ock with
connect equal to 1 and dir equal to 0 configures the specified deviceNumber to use the
signal on the RTSI bus dedicated clock pin as this device system clock. In thisway, the
two devices are controlled by a single system clock.
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Calling RTSI _Cl ock with connect equal to 0 disconnects the clock signal from the
RTSI bus. RTSI _Cl ear also disconnects the clock signal from the RTSI bus.

RTSI _Cl ock aways returns an error if deviceNumber isnot an AT-MI0-16X,
AT-MI0O-64F-5, AT-AO-6/10, or a DIO-32HS. To connect the system clock signal of
any other device to the RTSI bus, you must change a jumper setting on the device. See
the appropriate user manual for instructions.

Note: If you are using an E Series device, seethe Sel ect _Si gnal function.
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Format
status=RTSI_Conn (deviceNumber, sigCode, trigL ine, dir)

Purpose
Connects a device to the specified RTSI bus trigger line.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
sigCode i16 signal code number to be connected
trigLine i16 RTSI bustrigger line
dir 116 direction of the connection

Parameter Discussion
sigCode is the signal code number of the device signal to be connected to the trigger
line. Signal code numbers for each device type are in the RTSl Bus Trigger Functions
section of Chapter 3, Software Overview, of the NI-DAQ User Manual for PC
Compatibles.

trigLineisthe RTSI bustrigger line that is to be connected to the signal.
Range: 0 through 6.

dir isthe direction of the connection.
0: Receive signal (input, receiver) from the RTSI bus trigger line.
1 Transmit signal (output, source) to the RTSI bus trigger line.

Using This Function
RTSI _Conn programs the RTSI interface on the specified deviceNumber such that
NI-DAQ connects the signal identified by sigCode to the trigger line specified by
trigLine. For example, if the specified deviceNumber is anon-E Series M10 or Al
device, thedevicesigCodeis7,the RTSI trigLineis 3, and thedir is1, NI-DAQ drives
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the output produced by counter 1 (OUT1) on the specified deviceNumber onto trigger
line 3 of the RTSI bus. You need to make another call to RTSI _Conn to program
another M10O or Al device (or the same device) to receive the OUT1 signal (dir =0) in
order to make use of it.

The second call could access another non-E Series MIO or Al device and use parameters
sigCode =0, trigLine = 3, and dir = 0. This call configures the second non-E Series
MIO or Al device RTSI interfaceto receive asignal from trigger line 3 and driveit onto
the non-E Series MI1O or Al device EXTCONV* signal. The total effect of these two
callsisthat the non-E SeriesM10 or Al device EXTCONV* signal on the second device
is controlled by the OUT1 signal on the first MIO or Al device, thus controlling A/D
conversions on the second non-E Series MIO or Al device by a counter on the first.

Note: If you are using an E Series device, seethe Sel ect _Si gnal function.

Rules for RTSI Bus Connections
Observe the following rules when routing signals over the RTSI bus trigger lines:

e You can connect any signal to any trigger line.

» RTSI connections should have only one source signal but can have multiplereceiver
signals. Connecting two or more source signals causes bus contention over the
trigger line.

* You can connect two or more signals on the same device together using a RTSI bus
trigger line as long as you follow the above rules.

Y ou can disconnect RTSI connections by using either RTSI _Di sConn or
RTSI _Cl ear.

© National Instruments Corporation 2-293 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

RTSI_DisConn

Format

status= RTSI_DisConn (deviceNumber, sigCode, trigLine)

Purpose

Disconnects a device signal from the specified RTSI bus trigger line.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration
utility
sigCode i16 signal code number
trigLine i16 RTSI bustrigger line

Parameter Discussion

sigCodeisthe signal code number of the device signal to be disconnected from the RTSI
bus trigger line. Signal code numbers for each device type are in the RTSl Bus Trigger
Functions section of Chapter 3, Software Overview, of the NI-DAQ User Manual for PC
Compatibles.

trigLine specifies the RTSI bus trigger line that is to be disconnected from the signal.
Range: 0 through 6.

Using This Function

RTSI _Di sConn programsthe RTSI businterface on the specified deviceNumber such
that NI-DAQ disconnects the signal identified by sigCode and the trigger line specified
by trigLine.

Note: I't takes the same number of RTSI _Di sConn callsto disconnect a
connection asit took RTSI _Conn callsto make the connection in thefirst
place. (See RTSI _Conn for further explanation.)
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Format

status = SC_2040_Config (deviceNumber, channel, sc2040gain)

Purpose

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

channels.
Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
channel i16 number of SC-2040 channel you want to
configure; use -1 to indicate all SC-2040
channels
sc2040gain i16 specifies gain you have set using jumpers on the

SC-2040

Parameter Discussion

channel allows you to specify an individual channel on the SC-2040 or all SC-2040

channels.

Range: -1 for all channels and 0 through 7 for individual channels.

sc2040gain allows you to indicate the gain you have selected with your SC-2040

jumpers.

Range: 1, 10, 100, 200, 300, 400, 500, 600, 700, 800.

Using This Function

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

This function reserves the PFIl 7 line PFIl 7 line on your E Series device for use by
NI-DAQ and the SC-2040. This lineis configured for output, and the output isthe a
signal that indicates when a scan isin progress.
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Warning: Do not attempt todrivethe PFI 7 lineafter calling thisfunction. If you do,
? you might damage your SC-2040, your E Series device, and your
equipment.

Example 1:

Y ou have selected set the jumper for a gain of 100 for all your SC-2040 channels. You
should call SC_2040_Conf i g asfollows:

SC 2040_Confi g(devi ceNumber, -1, 100)
Example 2

Y ou have selected gain set the jumper for again of 100 for channels 0, 3, 4, 5, and 6 on
your SC-2040, gain 200 for channels 1 and 2, and gain gain 500 for channel 7. Y ou
should call function SC_2040_Conf i g several times as follows:

SC 2040_Confi g(devi ceNumber, -1, 100)
SC 2040_Confi g(devi ceNunmber, 1, 200)
SC _2040_Confi g(devi ceNunmber, 2, 200)
SC _2040_Confi g(devi ceNunmber, 7, 500)
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Format

status = SCAN_Demux (buffer, count, numChans, numM uxBrds)

Purpose

Rearranges, or demultiplexes, data acquired by a SCAN operation into row-major order
(that is, each row of the array holding the data corresponds to a scanned channel) for
easier access by C applications. SCAN_Dermux does not need to be called by BASIC
applications to rearrange two-dimensional arrays because these arrays are accessed in

column-major order.

Parameters
Input
Name Type Description
count u32 number of samples
numChans i16 number of channels that were scanned
numMuxBrds i16 number of AMUX-64T devices used
Input/Output
Name Type Description
buffer [i16] conversion samples returned
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Parameter Discussion
buffer is an integer array of A/D conversion samples returned by a SCAN operation.

count isthe integer length of buffer (that is, the number of samples contained in
buffer).

numChansisthe number of channelsthat NI-DAQ scanned when the data was created.
If you used SCXI to acquire the data, numChans should be the total number of channels
sampled during one scan. Otherwise, this parameter is the same as the value of
numChans selected in SCAN_Set up, Lab_| SCAN_St art, SCAN_Op, or
Lab_I SCAN_Op.
Range: 1 through 16.
1through 512 for the E Seriesdevices, AT-MI0O-16F-5, AT-MI0-64F-5, and
AT-MIO-16X.

numM uxBrdsis the number of AMUX-64T devices used during the multiple-channel
acquisition. NI-DAQ ignoresthis parameter for the DAQCard-500/700 and 516, Lab and
1200 series, and LPM devices.

Range: 0,12 0r4.

Using This Function
If your buffer was initially declared as atwo-dimensional array, then after
SCAN_Derrux rearranges your data, you can access any point acquired from any
channel by specifying the channel in the first dimension and the data point in the second
dimension. For example, suppose NI-DAQ scanned channels 3 and 5 and buffer iszero
based. Then buffer[0][9] contains the 10th data point (numbering starts at zero) scanned
from channel 3 (the first of the two channels), and buffer[1][14] contains the 15th data
point acquired from channel 5.

If the number of channels scanned varies each time you run your program, you probably
should be using aone-dimensional array to hold the data. Y ou can index thisarray in the
following manner after SCAN_Denux performs its rearrangement to access any point
acquired from any channel (again, suppose that channels 3 and 5 were scanned).

count isthe total number of data points acquired.

total_chans s the total number of channels scanned (different from numChans if
numMuxBrdsis greater than zero).
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points_per_chan is then the number of data points acquired from each channel (that is,
count/total_chans).

buffer[0 * points per_chan + 9] contains the 10th data point scanned from channel 3.

buffer[1 * points per_chan + 14] contains the 15th data point acquired at channel 5.
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Format

status= SCAN_Op (deviceNumber, numChans, chans, gains, buffer, count, sampleRate,
scanRate)

Purpose

Performs a synchronous, multiple-channel scanned data acquisition operation.
SCAN_Op does not return until NI-DAQ has acquired all the data or an acquisition error
has occurred (M10O and Al devices only).

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
numChans i16 number of channels
chans [i16] list of channels
gains [i16] list of gain settings
count u32 number of samples
sampleRate f64 desired sample rate in pts/s
scanRate f64 desired scan rate in scans/s
Output
Name Type Description
buffer [i16] contains the acquired data
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Parameter Discussion

numChans is the number of channels listed in the scan sequence.

Range: 1 through 16.
1through 512 for the E Seriesdevices, AT-MI0-16F-5, AT-M10-64F-5, and
AT-MIO-16X.

chansis an integer array of alength not less than numChans that contains the channel
scan sequence to be used. chans can contain any onboard analog input channel number
(Range: 0 through 7 differential, O through 15 single-ended) number in any order. For
onboard analog input channel ranges, see Table B-1 in Appendix B. For example, if
numChans = 4 and if chang[1] = 7, the second channel to be scanned is analog input
channel number 7, and NI-DAQ scans four analog input channels.

Note: The channels contained in the chans array refer to the onboard channel
numbers.

If you use one or more external multiplexer devices (AMUX-64Ts), withany MIO or Al
device except the M10-64, the total number of channels scanned equal's (four-to-one
multiplexer) = (number of onboard channels scanned) * (number of external multiplexer
devices), or the total number of channels scanned equals (4) * (numChans) *
(num_mux_brds). For example, if you use one AMUX-64T and scan eight onboard
channels, the total number of channels scanned equals (4) * (8) * (1) = 32.

gainsisan integer array of alength not less than numChans that contains the gain
setting to be used for each channel in the scan sequence selected in chans. NI-DAQ
appliesthe gain value contained in gaing[ n] to the channel number contained in chang[n]
when NI-DAQ scansthat channel. Refer to Appendix B, Analog Input Channel and Gain
Settings and Voltage Calculation, for valid gain settings. If you use an invalid gain,
NI-DAQ returns an error.

If you use one or more external multiplexer devices (AMUX-64Ts) with the MI0O-64,
the total number of channels scanned equals (4) * (numChansl) = (num_mux_brds) +
numChans2, where:

buffer isan integer array that must have alength not less than count. When SCAN_Op
returns with an error code equal to zero, buffer contains the acquired data.

e 4represents afour-to-one multiplexer.
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count is the number of samplesto be acquired (that is, the number of A/D conversions
to be performed).
Range: 2 through 224,

 numChansl is the number of onboard channels (of an MIO or Al connector)
scanned.
Range: 0 through 7 differential, 0 through 15 single-ended.

e num_mux_brdsisthe number of external multiplexer devices.

« numChans2 is the number of onboard channels (of an analog connector) scanned.
Range: 0 through 23 differential, O through 48 single-ended.

If you are using SCXI, you must scan the appropriate anal og input channels onthe DAQ
devicethat correspond to the SCX| channelsyou want. Y ou should select the SCXI scan
list using SCXI _SCAN_Set up before you call this function. Please refer to the
NI-DAQ User Manual for PC Compatibles for more information on SCXI channel
assignments.

gainsisan integer array of alength not less than numChans that contains the gain
setting to be used for each channel in the scan sequence selected in chans. NI-DAQ
appliesthe gain value contained in gaing[ n] to the channel number contained in chang[n]
when NI-DAQ scans that channel. This gain setting applies only to the DAQ device; if
you use SCXI, you must establish any gain you want at the SCX1 module either by
setting jumpers on the module or by calling SCXI _Set _Gai n. Refer to Appendix B,
Analog Input Channel and Gain Settings and Voltage Calculation, for valid gain
settings. If you use an invalid gain, NI-DAQ returns an error.

buffer is an integer array. buffer must have alength not less than count. When
SCAN_Op returns with an error code equal to zero, buffer contains the acquired data.

count isthe number of samples to be acquired (that is, the number of A/D conversions
to be performed).
Range:  3through 2% - 1 (except the E Series).
2 through 2* x (total number of channels scanned) or 2%%-1, whichever isless
(E Series).

sampleRate is the sample rate you want in units of pts/s. Thisis the rate at which

NI-DAQ samples channels within a scan sequence.

Range: Roughly 0.00153 pts/s through 500,000 pts/s. The maximum rate varies
according to the type of device you have.
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scanRateisthe scan rate you want in units of scans per second (scans/s). Thisisthe rate

at which NI-DAQ performs scans. NI-DAQ performs a scan each time the function

samples all the channels listed in the scan sequence.

Range: 0 and roughly 0.00153 scans/s up to 500,000 scans/s. A value of 0 meansthat
there is no delay between scans and that the effective scanRate is
sampleRate / numChans.

When scanRate is not 0, scanRate must allow a minimum delay between the last
channel of the scan and the first channel of the next scan.scan. Thisdelay must be at | east
11 pson the AT-MI10-16X and 6 ps on the AT-MI10-16F-5 and AT-M10-64F-5. For

E Series boards, this delay corresponds exactly to the speed of the board: for example,
1 psfor an E-1 board, 2 ps for an E-2 board, and so on.

Using This Function

SCAN_Op initiates a synchronous process of acquiring A/D conversion samples and
storing them in a buffer. SCAN_Op does not return control to your application until
NI-DAQ acquires all the samples you want (or until an acquisition error occurs). When
you use posttrigger mode (with pretrigger mode disabled), the process stores count A/D
conversions in the buffer and ignores any subsequent conversions.

Note: If you have selected external start triggering of the data acquisition
operation, a high-to-low edge at the STARTTRIG* pin on thel/O
connector of the M1 O-16 and AT-M10-16D, or the EXTTRIG* pin on the
AT-MI0O-16F-5, AT-MIO-64F-5, and AT-MIO-16X initiates the data
acquisition operation. If you are using an E Series device, you need to
apply a trigger that you select through the Sel ect _Si gnal or
DAQ Conf i g functionsto initiate data acquisition. Be aware that if you
do not apply the start trigger, SCAN_Op does not return control to your
application. Otherwise, SCAN_Qp issues a software trigger to initiate the
data acquisition operation.

If you have enabled pretrigger mode, the sample counter does not begin counting
acquisitions until you apply asignal at the stop trigger input. Until you apply thissignal,
the acquisition remainsin acyclical mode, continually overwriting old datain the buffer
with new data. Again, if you do not apply the stop trigger, SCAN_Op does not return
control to your application.

Inany case, you canuse Ti meout _Conf i g to establish amaximum length of timefor
SCAN_Op to execute.
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Format

status = SCAN_Sequence Demux (numChans, chanVector, buffer Size, buffer,
samplesPer Sequence, scanSequenceVector, samplesPer ChannelVector)

Purpose

Rearranges the data produced by a multi-rate acquisition so that all the data from each
channel is stored in adjacent elements of your buffer.

Parameters
Input
Name Type Description
numChans 116 the number of channels
chanVector [116] the channel list
bufferSize u32 the number of samples the buffer holds
samplesPer Sequence 116 the number of samplesin a scan sequence
scanSequenceV ector [116] contains the scan sequence
Input/Output
Name Type Description
buffer [116] the acquired samples
Output
Name Type Description
samplesPer ChannelVector [u32] the number of samplesfor each channel
NI-DAQ FRM for PC Compatibles 2-304 © National Instruments Corporation




Chapter 2 Function Reference

SCAN_Sequence_Demux

Continued

Parameter Discussion
numChansisthe number of entriesin the chanVector and samplesPer ChannelVector
arrays.

chanVector contains the channels sampled in the acquisition that produced the data
contained in buffer. It might be identical to the channel vector you used in the call to
SCAN_Sequence_Set up, or it might contain the channelsin a different order.
SCAN_Sequence_Denux will reorder the datain buffer such that the data for
chanVector[0] occursfirst, the data for chanVector[1] occurs second, and so on.

buffer Size is the number of samples in the buffer.

buffer isthe array containing the data produced by the multi-rate acquisition. When
SCAN_Sequence_Denux returns, the datain buffer will be rearranged.

samplesPer Sequence is the number of samples in a scan sequence (obtained from a
previous call to SCAN_Sequence_Set up) and the size of the scanSequenceV ector
array.

scanSequenceVector contains the scan sequence created by NI-DAQ as aresult of a
previous call to SCAN_Sequence_Set up. You obtain a copy of
scanSequenceVector by calling SCAN_Sequence_Retri eve.

samplesPer ChannelVector contains the number of samples for each channel. The
channel listed in entry i of chanVector will have anumber of samples equal to the value
of samplesPer ChannelVector[i].

Using This Function
SCAN_Sequence_Denux rearranges multirate data so that retrieving the data of a
channel is more straightforward. The following example illustrates how to use this
function:

The input parameters are as follows:
numChans=3
chanVector ={2, 5, 7}
bufferSize= 14
buffer ={2,5,7,2,2,5,2,2,5,7, 2, 2,5, 2} where a2 represents a sample from
channel 2, and so on.
samplesPer Sequence=7
scanSequenceVector ={2,5,7, 2, 2,5, 2}
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The output parameters are as follows:
buffer ={2,2,2,2,2,2,2,2,5,5,5,5, 7, 7} where a2 represents a sample from
channel 2, and so on.
samplesPer ChannelVector = {8, 4, 2}

The datafrom achannel may be located in the buffer by cal culating the index of the first
sample and the index of the last sample. The data from a channel listed in chanVect[0]
(channel 2) begins at index 0 and ends at index samplesPer ChannelVector [0] - 1
(index 7). Thefirst sample for the channel listed in chanVector[1] (channel5) begins at
samplesPer ChannelVector [0] (index 8) and ends at (samplesPer ChannelVector [0]
+ samplesPer ChannelVector [1]) - 1 (index 11). Thefirst sample for the channel listed
in chanVector[2] (channel 7) begins at (samplesPer ChannelVector [0] +
samplesPer ChannelVector [1]) (index 12) and ends at (samplesPer ChannelVector
[Q] + samplesPer ChannelVector [1] + samplesPer ChannelVector [2]) - 1

(index 13).
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Format

status = SCAN_Sequence Retrieve (device, samplesPer Sequence, scanSequenceVector)

Purpose

Returns the scan sequence created by NI-DAQ as aresult of a previous call to

SCAN_Sequence_Set up.

Parameters
Input
Name Type Description
device i16 assigned by configuration utility
samplesPer Sequence i16 the number of samplesin a scan sequence
Output
Name Type Description
scanSequenceVector [i16] contains the scan sequence

Parameter Discussion

samplesPer Sequence is the number of samplesin a scan sequence (obtained from a
previous call to SCAN_Sequence_Set up) and the size of the scanSequenceV ector

output parameter.

scanSequenceVector contains the scan sequence created by NI-DAQ as aresult of a
previous call to SCAN_Sequence_Set up. The scan sequence will not contain the

ghost channel place holders.
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Using This Function
SCAN_Sequence_Ret ri eve isused to obtain the actual scan sequence to program
the device. Y ou will need this information if you want to call
SCAN_Sequence_Denux to rearrange your data or if you want to extract particular
channels data from your acquisition buffer without rearranging it. If you use
DAQ_Mbni t or to extract the data of a channel, you do not need the actual scan
seguence.
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Format

status = SCAN_Sequence_Setup (device, numChans, chanVector, gainVector,
scanRateDivisor Vector, scansPer Sequence, samplesPer Sequence)

Purpose

Initializes the device for a multirate scanned data acquisition operation. Initialization
includes selecting the channels to be scanned, assigning gains to these channels and
assigning different sampling rates to each channel by dividing down the base scan rate.

Parameters
Input
Name Type Description
device i16 assigned by configuration utility
numChans i16 number of channels
chanVector [i16] channel scan sequence
gainVector [i16] gain setting to be used for each channel
in chanVector
scanRateDivisor Vector [i16] rate divisor for each channel
Output
Name Type Description
scansPer Sequence i16 the number of scansin a scan sequence
samplesPer Sequence i16 the number of samplesin a scan sequence

Parameter Discussion

numChans is the number of entriesin the three input vectors. All three input vectors
must have the same number of entries.
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chanVector contains the onboard channels that will be scanned. A channel cannot be
listed more the once. Refer to Appendix B, Analog Input Channel and Gain Settings and
Voltage Calculation, for valid channel settings.

gainVector contains the gain settings to be used for each channel in chanVector. The
channel listed in entry i of chanVector will havethegain listed in entry i of gainVector.

scanRateDivisor Vector containsthe scan rate divisorsto be used for each channel. The
sample rate for a channel equals the base scan rate (that is, the scan rate specified when
SCAN_St art iscalled) divided by the scan rate divisor for that channel. The channel
listed in entry i of chanVector will have the scan rate divisor listed in entry i of
scanRateDivisor Vector.

scansPer Sequence is an output parameter that contains the total number of scansin the
scan sequence created by NI-DAQ from your chanVector and scanRateDivisor Vector
including any scans that consist entirely of ghost channels, or place holders.

samplesPer Sequence is an output parameter that contains the total number of samples
in the scan sequence excluding any ghost channel place holders. Thetotal size of ascan
sequence including ghost channel place holdersis limited by the size of the memory on
your device used to hold this information. Currently, thislimit is 512 entries. Because
samplesPer Sequence excludes ghost channel place holders, an error might result even
if samplesPer Sequenceis less than 512.

Using This Function
Y ou must observe the following restrictions:

e Interval scanning must be used.

e A channel can be listed only once in the channel vector.
e SCXI cannot be used.

« The AMUX-64T device cannot be used.

e Your acquisition cannot be pretriggered.

» Thesizeof your buffer (the value of the count parameter to SCAN_St ar t ) must be
amultiple of samplesPer Sequence.

The following example shows how to use SCAN_Sequence_Set up:
numChans =3
chanVector ={2, 5, 7}
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gainVector ={1, 1, 1}
scanRateDivisorVector ={1, 2, 4}

The scan rate divisor for channel 2 is 1 so it will be sampled at the base scan rate. The
scan rate divisor for channel 5is2 so it will be sampled at a rate equal to the base scan
rate divided by 2. Likewise, the scan rate divisor for channel 7is4 so it will be sampled
at arate equal to the base scan rate divided by 4.

The scan sequence created by NI-DAQ looks like this:
scan number: 1234
channels sampled:2, 5, 722, 52
scansPer Sequence = 4
samplesPer Sequence =7

If your base scan rate is 1,000 scans/s, channel 2 is sampled at 1,000 S/s, channel 5is
sampled at 500 S/s, and channel 7 is sampled at 250 S/s.

ScansPer Sequence and samplesPer Sequence are used to calculate the size of your
acquisition buffer. Your buffer size must be an integer multiple of

samplesPer Sequence. Use ScansPer Sequence if you want to size your buffer to hold
some unit of time'sworth of data. For example, to figure out the size of abuffer in units
of samples and to hold N seconds of data, use the following formula:

bufferSze = N * (scanRate / scansPer Sequence) * samplesPer Sequence
The buffer Size returned by the above formulawill have to be rounded up so that it isa

multiple of the samplesPer Sequence if scansPer Sequence does not divide evenly into
scanRate.

In this example, your buffer size must be a multiple of 7. The number of samples your
buffer must hold to contain 5 s of data at a base scan rate of 1,000 scans/sis:

5* (1,000/4) * 7=28,750 S.
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Format
status = SCAN_Setup (deviceNumber, numChans, chanVector, gainVector)

Purpose

Initializes circuitry for a scanned data acquisition operation. Initialization includes
storing atable of the channel sequence and gain setting for each channel to be digitized
(MI1O and Al devices only).

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
numChans i16 number of channels
chanVector [i16] channel scan sequence
gainVector [116] gain setting to be used for each channel in
chanVector

Parameter Discussion

numChansis the number of channelsin the chanVector.

Range: 1 through 16.
1through 512 for the E Seriesdevices, AT-MI0O-16F-5, AT-MI0-64F-5, and
AT-MIO-16X.

chanVector isan integer array of length numChans that contains the onboard channel
scan seguence to be used. chanVector can contain any analog input channel number in
any order. For the channel number range, refer to Table B-1 in Appendix B. For
example, if numChans = 4 and if chanVector[1] = 7, then the second channel to be
scanned is analog input channel 7, and four analog input channels are scanned.

Note: The channelslisted in the scan sequence refer to the onboard channel
numbers.
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If you use one or more external multiplexer devices (AMUX-64Ts), withany M10O or Al
device except the M10-64, the total number of channels scanned equals (four-to-one
multiplexer) * (number of onboard channels scanned) » (number of external multiplexer
devices), or the total number of channels scanned equals (4) * (numChans) *
(num_mux_brds). For example, if you use one AMUX-64T and scan eight onboard
channels, the total number of channels scanned equals (4) * (8) » (1) = 32.

If you use one or more external multiplexer devices (AMUX-64Ts) with the MI10O-64,
the total number of channels scanned equals (4) * (numChansl) * (num_mux_brds) +
numChans2, where:

* 4 represents four-to-one multiplexer.

« numChansl is the number of onboard channels (of an MIO or Al connector, the
first connector) scanned.
Range: 0 through 7 differential, O through 15 single-ended.

e num_mux_brdsis the number of external multiplexer devices.

* numChans2isthe number of onboard channels (of an analog connector, the second
connector) scanned.
Range: 0 through 23 differential, O through 48 single-ended.

If you are using SCXI, you must scan the analog input channels on the DAQ device that
corresponds to the SCX|I channels you want. Y ou should select the SCXI1 scan list using
SCXI _SCAN_Set up before you call thisfunction. Refer to the NI-DAQ User Manual
for PC Compatibles for more information on SCXI channel assignments.

gainVector isan integer array of length numChans that contains the gain setting to be
used for each channel specified in chanVector. This gain setting applies only to the
DAQ device; if you use SCXI, you must establish any gain you want at the SCXI module
either by setting jumpers on the module or by calling SCXI _Set _Gai n. Refer to
Appendix B, Analog Input Channel and Gain Settings and Voltage Calculation, for valid
gain settings.

For example, if gainVector[5] = 10 then, when NI-DAQ scans the sixth channel, the
function sets the gain circuitry to again of 10. Notice also that gainVector[i]
correspondsto chanVector[i]. If gainVector[2] = 100 and chanVector[2] = 3, thethird
channel NI-DAQ scansis analog input channel 3, and the function setsits gain to 100.
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Using This Function
SCAN_Set up stores numChans, chanVector, and gainVector in the Mux-Gain
Memory table on the device. The function uses this memory table during scanning
operations (SCAN_St ar t ) to automatically sequence through an arbitrary set of
analog input channels and to allow gains to automatically change during scanning.

Y ou need to call SCAN_Set up to set up a scan sequence for scanned operations;
afterwards, you only need to call the function when you want a scan sequence. If you
call DAQ St art or Al _Read, NI-DAQ modifies the Mux-Gain Memory table on the
device; therefore, you should use SCAN_Set up again after NI-DAQ modifies these
callsto reinitialize the scan sequence.
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Format

status = SCAN_Start (deviceNumber, buffer, count, sampTimebase, samplnterval,

scanTimebase, scanlnterval)

Purpose

Initiates a multiple-channel scanned data acquisition operation, with or without interval
scanning, and stores itsinput in an array (M1O and Al devices only).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
buffer i16 assigned by configuration utility
count u32 number of samples
sampTimebase i16 resolution used for the sample-interval counter
samplnterval ul6 length of the sample interval
scanTimebase i16 resolution for the scan-interval counter
scanlnterval ul6 length of the scan interval
Output
Name Type Description
buffer i16 assigned by configuration utility
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Parameter Discussion
buffer isan integer array. buffer must have alength equal to or greater than count.

count is the number of samples to be acquired (that is, the number of A/D conversions
to be performed). For double-buffered acquisitions, count specifies the size of the
buffer, and count must be an even number.
Range:  3through 2% - 1 (except the E Series).
2 through 2* « (total number of channels scanned) or 2%2-1, whichever isless
(E Series).

count must be an integer multiple of the total number of channels scanned. count refers
to the total number of A/D conversions to be performed; therefore, the number of
samples acquired from each channel is equal to count divided by the total number of
channels scanned. This number is also the total number of scans. For the E Series
devices, the total number of scans must be at least 2. If you do not use external
multiplexer (AMUX-64T) devices, the total number of channels scanned is equal to the
value of numChans (see Scan_Set up).

If you use one or more external multiplexer devices with any M10 or Al device except
the M10-64, the total number of channels scanned equals (four-to-one multiplexer) *
(number of onboard channels scanned) * (scanned) » (number of external multiplexer
devices), or the total number of channels scanned equals (4) * (numChans) *
(num_mux_brds). For example, if you use one AMUX-64T and scan eight onboard
channels, the total number of channels scanned equals (4) * (8) * (1) = 32.

If you use one or more external multiplexer devices (AMUX-64Ts) with the M10O-64,
the total number of channels scanned equals (4) * (numChansl) * (num_mux_brds) +
numChans2, where:

e 4represents afour-to-one multiplexer.

* numChansl is the number of onboard channels (of an M10 or Al connector, the
first connector) scanned.
Range: 0 through 7 differential, O through 15 single-ended.

e num_mux_brdsisthe number of external multiplexer devices.

* numChans2isthe number of onboard channels (of an analog connector, the second
connector) scanned.
Range: 0 through 23 differential, 0 through 48 single-ended.
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If you use SCXI, the total number of channels scanned is the total number of channels
specified in the SCXI _SCAN_Set up call.

sampTimebase selects the clock frequency that indicates the timebase, or resolution, to
be used for the sample-interval counter. The sample-interval counter controls the time
that el apses between acquisition of samples within a scan sequence.

sampTimebase has the following possible val ues:
-3: 20 MHz clock used as a timebase (50 ns resolution) (E Series only).
-1 5 MHz clock used as timebase (200 ns resolution) (AT-MI10-16F-5,
AT-MIO-64F-5, and AT-MI0O-16X only).

0: External clock used as timebase (Connect your own timebase frequency to
the internal scan-interval counter viathe SOURCES input for the M1O
devices or, by default, the PFI8 input for the E Series devices).

1 MHz clock used as timebase (1 ps resolution) (non-E Series only).
100 kHz clock used as timebase (1 s resolution).

10 kHz clock used as timebase (10 ps resolution) (non-E Series only).
1 kHz clock used as timebase (1 ms resolution) (non-E Series).

100 Hz clock used as timebase (10 ms resolution) (non-E Series).

On E Seriesdevices, if you use thisfunction with sampleTimebase set to 0 must call the
Sel ect _Si ghal functionwithsignal settoND | N CHANNEL _CLOCK_TI MEBASE
and sour ce set to a value other than ND_| NTERNAL_20_IVHZ and

ND_| NTERNAL _100_KHZ before calling SCAN_St art with sampleTimebase set to
0; otherwise, SCAN_St ar t will select low-to-high transitions on the PFI8 /O
connector pin as your external sample timebase.

If sample-interval timing is to be externally controlled (extConv = 1 or 3, see
DAQ_Conf i g), NI-DAQ ignores the sampTimebase parameter, which can be any
value.

sampl nterval indicates the length of the sampleinterval (that is, the amount of time to
elapse between each A/D conversion within a scan sequence).
Range: 2 through 65,535.

The sampleinterval is afunction of the timebase resolution. The actual sample interval
in seconds is determined by the following formula:

samplnterval * (sample timebase resolution)
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where the sampl e timebase resol ution is equal to one of the values of sampTimebase as
specified above. For example, if samplnterval = 25 and sampTimebase = 2, the actual
sampleinterval is 25 * 10 ps = 250 ps. The time to complete one scan sequence in
seconds is (the actual sampleinterval) » (number of channels scanned). If the sample
interval isto be externally controlled, the sampl nterval parameter isignored and can
be any value.

scanTimebase selects the clock frequency that indicates the timebase, or resolution, to
be used for the scan-interval counter. The scan-interval counter controls the time that
el apses between scan sequences. scanTimebase has the following possible values:
-3: 20 MHz clock used as a timebase (50 ns resolution) (E Series only).
-1 5 MHz clock used as timebase (200 ns resolution) (AT-MI0O-16F-5,
AT-MIO-64F-5, and AT-MI0-16X only).

0: External clock used as timebase (Connect your own timebase frequency to
the internal scan-interval counter viathe SOURCES input for the M1O
devices or, by default, the PFI8 input for the E Series devices).

1 MHz clock used as timebase (1 ps resolution) (non-E Series only).
100 kHz clock used as timebase (10 ps resolution).

10 kHz clock used as timebase (100 ps resolution) (non-E Series only).
1 kHz clock used as timebase (1 ms resolution) (non-E Series only).
100 Hz clock used as timebase (10 ms resolution) (non-E Series only).

On E Series devices, if you use this function with scanTimebase set to 0, you must call
thefunction Sel ect _Si gnal withsignal settoND | N SCAN_CLOCK_TI MEBASE
and sour ce set to a value other than ND_| NTERNAL_20_VHZ and

ND_| NTERNAL_100_KHZ before calling SCAN_St art with scanTimebase set to 0;
otherwise, SCAN_St ar t will select low-to-high transitions on the PFI8 I/O connector
pin as your external scan timebase.

scanlnterval indicates the length of the scan interval (that is, the amount of time that
elapses between the initiation of each scan sequence). NI-DAQ scans all channelsin the
scan sequence at the beginning of each scan interval.

Range: 0 or 2 through 65,535.

If scanlnterval equals zero, the time that elapses between A/D conversions and the time
that elapses between scan sequences are both equal to the sampleinterval. That is, as
soon as the scan sequence has completed, NI-DAQ restarts one sample interval later.
Another advantage of setting scanl nterval to Oisthat thisfreesthe scan-interval counter
(counter 2) for other operations such as waveform generation or general-purpose
counting (non-E Series devices only).
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The scan interval is afunction of the scan timebase resolution. The actual scan interval
in seconds is determined by the following formula:

scanlnterval * (scan timebase resolution)

where the scan timebase resolution is equal to one of the values of scanTimebase as
indicated above. For example, if scanlnterval = 100 and scanTimebase = 2, the scan
interval is 100 * 10 ps= 1 ms. This number must be greater than or equal to the sum of
thetotal sampleinterval + 2 pusfor most devices. The scan interval for the AT-M10-16X
must be at least 11 ps longer than the total sample interval. The scan interval for the
AT-MIO-16F-5 and AT-MI0O-64F-5 must be externally controlled, at least 6 us longer
than the total sample interval. If the scan interval isto be controlled by pulses applied to
the OUT2 signal, NI-DAQ ignores this parameter (extConv = 2 or 3, see

DAQ_Confi g).

Note: TheE Series, AT-MI0O-16F-5, AT-MI O-64F-5, and AT-M10-16X support
external control of the sample interval even when you use interval
scanning. For the M1 0O-16 and AT-MI10-16D, if the sampleinterval isto
be controlled externally by pulses applied to the EXTCONV* input, you
cannot control the scan interval externally. In this case, NI-DAQ scans
the channels repeatedly as fast as you apply the external conversion
pulses.

Using This Function

SCAN_St art initializes the Mux-Gain Memory table to point to the start of the scan
sequence as specified by SCAN_Set up. If you did not specify external sample-interval
timing by the DAQ_Conf i g call, NI-DAQ sets the sample-interval counter to the
specified samplnterval and sampTimebase, sets the scan-interval counter to the
specified scanl nterval and scanTimebase, and sets up the sample counter to count the
number of samples acquired and to stop the data acquisition process when the number
of samplesacquired equals count. If you have specified external sample-interval timing,
the data acquisition circuitry relies on pulses received on the EXTCONV* input to
initiateindividual A/D conversions. In thiscase, NI-DAQ scans the channels repeatedly
as fast as you apply the external conversion pulses.

SCAN_St art initializes a background data acquisition process to handle storing of
A/D conversion samples into the buffer as NI-DAQ acquires them. When you use
posttrigger mode (with pretrigger mode disabled), the process stores up to count A/D
conversion samples into the buffer and ignores any subsequent conversions. NI-DAQ
stores the acquired samples into the buffer with the channel scan sequence data
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interleaved; that is, the first sample is the conversion from the first channel, the second
sample is the conversion from the second channel, and so on.

Y ou cannot make the second call to SCAN_St ar t without terminating this background
data acquisition process. If acall to DAQ_Check returns daqStopped = 1, the samples
are available and NI-DAQ terminates the process. In addition, acall to DAQ_Cl ear
terminates the background data acquisition process. Noticethat if acall to DAQ_Check
returns an error code of -75 or -76, or daqStopped = 1, the process is automatically
terminated and there is no need to call DAQ Cl ear .

If you enable pretrigger mode, SCAN_St ar t initiates a cyclical acquisition that
continually fills the buffer with data, wrapping around to the start of the buffer once
NI-DAQ has written to the entire buffer. When you apply the signal at the stop trigger
input, SCAN_St art acquires an additional number of samples specified by the
ptsAfter Stoptrig parameterin DAQ_St opTri gger _Conf i g and then terminates. Be
aware that a scan sequence always completes. Therefore, NI-DAQ always obtains the
most recent data point from the final channel in the scan sequence. When you enable
pretrigger mode, the length of the buffer, which is greater than or equal to count, should
be an integral multiple of numChans. If you observed this rule, a sample from the first
channel in the scan sequence always resides at index = 0 in the buffer.

If you have selected external start triggering of the data acquisition operation, a
high-to-low edge at the STARTTRIG* /O connector input on the MIO-16 and
AT-MIO-16D, or the EXTTRIG* connector on the AT-MIO-16F-5, AT-MI0-64F-5,
and AT-MI0O-16X initiatesthe data acquisition operation after the SCAN_St art call is
complete. Otherwise, SCAN_St ar t issues a software trigger to initiate the data
acquisition operation before returning.

= Note I f your application callsDAQ St art or SCAN_St ar t , alwaysensurethat
you call DAQ Ol ear before your application terminates and returns
control to the operating system. Unless you make thiscall (either directly,
or indirectly through DAQ_Check or DAQ _DB_Tr ansf er),
unpredictable behavior can result.

Y ou must usethe SCAN_Set up and SCAN_St ar t functionsasapair. Making asingle
call to SCAN_Set up with multiple callsto SCAN_St ar t will fail and return error
noSetupError.
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If you have an SC-2040 connected to your DAQ device, NI-DAQ will ignore the
sampTimebase and sampl nterval parameters. NI-DAQ automatically supplies these
parameters to optimally match your hardware.

If you select sampTimebase = 0 and scanTimebase = 0, you must use the same source
for both. This requirement is enforced on most M10 devices through hardware because
you connect both timebases to the SOURCES |/0O connector pin. On E Series devices, if
you usethe Sel ect _Si gnal function to specify the source of an external sample and
external scan timebase, you must specify the same source for both timebases.

© National Instruments Corporation 2-321 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

SCAN_to_Disk

Format

status=SCAN_to_Disk (deviceNumber, numChans, chans, gains, filename, count, sampleRate,
scanRate, concat)

Purpose
Performs a synchronous, multiple-channel scanned data acquisition operation and
simultaneously saves the acquired datain adisk file. SCAN_t o_Di sk does not return
until all the data has been acquired and saved or an acquisition error has occurred (M10
and Al devices only).

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
numcChans i16 number of channels
chans [i16] list of channels
gains [i16] list of gain settings
filename STR name of the datafile
count u32 number of samples
sampleRate f64 desired sampleratein pts/s
scanRate f64 desired scan rate in scans/s
concat i16 enables concatenation of existing file
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Parameter Discussion

numChans s the number of channelslisted in chansArray.

Range: 1 through 16.
1through 512 for the E Seriesdevices, AT-MI0-16F-5, AT-M10-64F-5, and
AT-MIO-16X.

chansisan integer array of alength not less than numChans that contains the onboard
channel scan sequence to be used. chans can contain any analog input channel number
inany order. For channel number ranges, refer to Table B-1in Appendix B, Analog Input
Channel and Gain Settings and Voltage Cal culation. For example, if numChans=4 and
if chang[1] =7, the second channel to be scanned isanal og input channel 7, and NI-DAQ
scans four analog input channels.

Note: The channels contained in the chans array refer to the onboard channel
numbers.

If you use one or more external multiplexer devices (AMUX-64Ts), withany MIO or Al
device except the M10-64, the total number of channels scanned equal's (four-to-one
multiplexer)  (number of onboard channels scanned) * (number of external multiplexer
devices), or the total number of channels scanned equals (4) * (numChans) *
(num_mux_brds). For example, if you use one AMUX-64T and scan eight onboard
channels, the total number of channels scanned equals (4) * (8) * (1) = 32.

If you use one or more external multiplexer devices (AMUX-64Ts) with the MI10O-64,
the total number of channels scanned equals (4) * (numChansl) * (num_mux_brds) +
numChans2, where:

e 4represents afour-to-one multiplexer.

* numChansl is the number of onboard channels (of an MI1O or Al connector)
scanned.
Range: 0 through 7 differential, O through 15 single-ended.

e num_mux_brdsisthe number of external multiplexer devices.

« numChans2 is the number of onboard channels (of an analog connector) scanned.
Range: 0 through 23 differential, O through 48 single-ended.
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If you use SCXI, you must scan the analog input channels on the DAQ device that
corresponds to the SCXI channels you want. Y ou should select the SCXI1 scan list using
SCXI _SCAN_Set up before you call thisfunction. Refer to the NI-DAQ User Manual
for PC Compatibles for more information on SCXI channel assignments.

gainsis an integer array of alength not less than numChans that contains the gain
setting to be used for each channel in the scan sequence selected in chans. NI-DAQ
appliesthe gain value contained in gaing[ n] to the channel number contained in chans[n]
when the function scans that channel. This gain setting applies only to the DAQ device;
if you use SCXI, you must establish any gain you want at the SCX| module either by
setting jumpers on the module or by calling SCXI _Set _Gai n. Refer to Appendix B,
Analog Input Channel and Gain Settings and Voltage Calculation, for valid gain
settings. If you use an invalid gain, NI-DAQ returns an error.

count is the number of samples to be acquired (that is, the number of A/D conversions
to be performed). Thelength of your datafile should be exactly twice the value of count.
If you have previously enabled pretrigger mode (by acall to
DAQ St opTri gger _Confi g), NI-DAQ ignores the count parameter.
Range:  3through 2% - 1 (except the E Series).

2 through 224 (E Series).

sampleRate is the sample rate you want in units of pts/s. Thisisthe rate at which
channels are sampled within a scan sequence.
Range: Roughly 0.00153 pts/s through 500,000 pts/s.

scanRateisthe scan rate you want in units of scang/s. Thisistherate at which NI-DAQ

performs scans. NI-DAQ performs a scan each time the function samples all the

channels listed in the scan sequence.

Range: 0 and roughly 0.00153 scans/s through 500,000 scans/s. A value of zero
means that there is no delay between scans and that the effective scanRate
is sampleRate / numChans.

concat enables concatenation of datato an existing file. Regardless of the value of
concat, if the file does not exist, NI-DAQ creates the file.

0: Overwritefileif it exists.

1 Concatenate new data to an existing file.
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Using This Function

SCAN_t o_Di sk initiates a synchronous process of acquiring A/D conversion samples
and storing them in adisk file. The maximum rate varies according to the type of device
you have and the speed and degree of fragmentation of your disk storage device.
SCAN_t o_Di sk doesnot return control to your application until NI-DAQ acquires and
saves all the samples you want (or until an acquisition error occurs). When you use
posttrigger mode (with pretrigger mode disabled), the process stores count A/D
conversions in the file and ignores any subsequent conversions.

Note: If you have selected external start triggering of the data acquisition
operation, a high-to-low edge at the STARTTRIG* /O connector of the
MI10O-16 and AT-M10-16D, or the EXTTRIG* connector of the
AT-MIO-16F-5, AT-MIO-64F-5, and AT-MIO-16X initiates the data
acquisition operation. If you are using all E Series devices, see the
Sel ect _Si gnal function for information about the external timing
signals. Be aware that if you do not apply the start trigger,
SCAN_t o_Di sk does not return control to your application. Otherwise,
SCAN t o_Di sk issues a software trigger to initiate the data acquisition
operation.

If you have enabled pretrigger mode, the sample counter does not begin counting
acquisitions until you apply asignal at the stop trigger input. Until you apply thissignal,
the acquisition continues to write data into the disk file. NI-DAQ ignores the value of
the count parameter when you enable pretrigger mode. If you do not apply the stop
trigger, SCAN_t o_Di sk eventually returns control to your application because you
eventually run out of disk space.

Inany case, you canuse Ti meout _Conf i g to establish amaximum length of timefor
SCAN_t o_Di sk to execute.
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Format

status= SCXI_AO_Write (SCXIchassisI D, moduleSlot, channel, opCode, rangeCode,
voltCurrentData, binaryData, binaryWritten)

Purpose

Sets the DAC channel on the SCX1-1124 module to the specified voltage or current
output value. Y ou can also use this function to write a binary value directly to the DAC
channel, or to translate a voltage or current value to the corresponding binary value.

Parameters
Input
Name Type Description
SCXlchassisID 116 chassis ID number
moduleSlot i16 module slot number
channel i16 the DAC channel of the module to write to
opCode 116 type of data
rangeCode i16 the voltage/current range to be used
voltCurrentData f64 voltage or current to be produced at the channel
binaryData 116 binary value to be written to the DAC
Output
Name Type Description
binaryWritten i16 actual binary value written to the DAC

NI-DAQ FRM for PC Compatibles 2-326 © National Instruments Corporation



Chapter 2 Function Reference

SCXI_AO_Write

Continued

Parameter Discussion

channel is the number of the analog output channels on the module.
Range: 0to5.

opCode specifiesthetype of datatowriteto the DAC channel. Y ou can also use opCode
totell SCXI _AO W it e to translate a voltage or current value and return the
corresponding binary patternin binaryWritten without writing anything to the module.

0: Write avoltage or current to channel.

1 Write a binary value directly to channel.

2: Translate a voltage or current value to binary, return in binaryWritten.

rangeCode is the voltage or current range to be used for the analog output channel.
: OtolV.

Oto5V.

Oto10V.

-ltolV.

-5to5V.

-10to 10 V.

0to 20 mA.

QUhRrWNRO

voltCurrentData is the voltage or current you want to produce at the DAC channel
output. If opCode = 1, NI-DAQ ignoresthis parameter. If opCode = 2, thisisthe voltage
or current value you want to translate to binary. If the value is out of range for the given
rangeCode, SCXI _AO Wit e returns an error.

binaryData isthe binary value you want to write directly to the DAC. If opCode s not
1, NI-DAQ ignores this parameter.
Range: 0to 4,095

binaryWritten returns the actual binary value that NI-DAQ wrote to the DAC.

SCXI _AO Wit e usesaformulagiven later in this section using calibration constants
that are stored on the module EEPROM to cal culate the appropriate binary value that
will produce the given voltage or current. If opCode = 1, binaryWritten is equal to
binaryData. If opCode=2, SCXI _AO W i t e calculatesthe binary value but does not
write anything to the module.
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Using This Function
SCXI _AO W i t e usesthe following equation to translate voltage or current valuesto
binary:

Bw= Bi+(Vw- Vi) * (Bn-B)/(Vh- V)

where

B, = binary value that produces the low value of the range
Bh = binary value that produces the high value of the range
V', = high value of the range

V| = low value of the range

V = desired voltage or current

B,y = the binary value which will generate V,,

NI-DAQ loads atable of calibration constants from the SCXI1-1124 EEPROM load area.
The calibration table contains values for B, and By, for each channel and range.

The SCX1-1124 is shipped with a set of factory calibration constants in the factory
EEPROM area, and a copy of the factory constants in the EEPROM load area. Y ou can
recalibrate your module and store your own calibration constants in the EEPROM load
areausing the SCXI _Cal _Const ant s function. Please refer to the

SCXI _Cal _Const ant s function description for calibration procedures and
information about the module EEPROM.

If you want to write a binary value directly to the output channel, use opCode = 1.
SCXI _AO W it e will not use the calibration constants or the conversion formula; it
will simply write your binaryData value to the DAC.
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Format

status= SCXI_Cal_Constants (SCXIchassisl D, moduleSlot, channel, opCode, calibrationArea,
rangeCode, SCXlgain, DAQboard, DAQchan, DAQgain, TBgain, voltl, binaryl, volt2,

binary2, calConst1, calConst2)

Purpose

Calculates calibration constants for the given channel and range or gain using measured
voltage/binary pairs. Y ou can use this with any SCXI1 analog input or anal og output
module. The constants can be stored and retrieved from NI-DAQ memory or the module
EEPROM (if your module has an EEPROM). The driver uses the calibration constants
to more accurately scale anal og input datawhen you usethe SCXI _Scal e function and
output data when you use SCXI _AO Wi te.

Parameters
Input
Name Type Description

SCXl chassisID i16 SCXI chassis ID number

moduleSlot i16 SCXI module slot number

channel i16 analog input or output channel number

opCode i16 operation to perform with the calibration
constants

calibrationArea i16 where to store or retrieve constants

rangeCode i16 the voltage/current range for the anal og output
channel

SCXlgain f64 gain setting for the SCXI analog input channel

DAQboard i16 device number of DAQ device used to acquire

binaryl and binary2
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Name Type Description
DAQchan i16 DAQ device channgl number used when
acquiring binary1 and binary?2
DAQgain i16 DAQ device gain code used when acquiring
binaryl and binary2
TBgain f64 SCXI1 terminal block gain, if any
voltl f64 voltage/current corresponding to binaryl
binaryl f64 binary value corresponding to volt1
volt2 f64 voltage/current corresponding to binary?2
binary2 f64 binary value corresponding to volt2
Output
Name Type Description
calConstl f64 return calibration constant
calConst2 f64 return calibration constant

Parameter Discussion
channel is the number of the channel on the module.
Range: 0to n-1, where n is the number of channels available on the module.

-1 All channels on the module. For instance, the SCX1-1100 and SCX1-1122
modules have one amplifier for all channels, so calibration constants for
those modules apply to all the module channels.

-2: The voltage (calConst2) and current excitation channels (calConst1) on the
module. Thisisvalid for the SCX1-1122 only, and only when opCode = 0.

opCode specifies the type of calibration operation to be performed.
0: Retrieve calibration constants for the given channel and range or gain from
calibrationArea and return them in calConst1 and calConst2.
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1 Perform a one-point offset calibration calculation using (voltl, binary1) for
the given channel and gain and write calibration constants to
calibrationArea (SCXI analog input modules only).

2: Perform a two-point calibration calculation using (volt1, binaryl) and
(volt2, binary?2) for the given channel and range or gain and write calibration
constants to calibrationArea.

3 Write the calibration constants passed in calConst1 and calConst2 to
calibrationArea for the given channel and range or gain.

4. Copy theentirecalibration tablein calibrationAr ea to the module EEPROM
default load area so that it will be loaded automatically into NI-DAQ
memory during subsequent application runs (SCX1-1122, SCX1-1124, and
SCX1-1141 only).

5: Copy the entire calibration table in calibrationArea to driver memory so
NI-DAQ can use the table in subsequent scaling operations in the current
NI-DAQ session (SCX1-1122, SCX1-1124, and SCXI-1141 only).

calibrationAreaisthe location NI-DAQ uses for the calibration constants. Read the
following Using This Function section for an explanation of the calibration table stored
in NI-DAQ memory and the SCXI-1122, SCX1-1124, and SCX|-1141 EEPROM
organization.

0: NI-DAQ memory. NI-DAQ maintains a calibration table in memory for use
in scaling operations for the module.

1 Default EEPROM load area. NI-DAQ also updates the calibration table in
memory when you write to the default load area (SCX1-1122, SCX1-1124,
and SCX1-1141 only)

2: Factory EEPROM area. Y ou cannot write to this area, but you can read or
copy from it (SCXI-1122, SCX1-1124, and SCX1-1141 only).

3: User EEPROM area (SCX1-1122, SCX1-1124, and SCXI-1141 only).

rangeCode is the voltage or current range of the analog output channel. NI-DAQ only
uses this parameter for SCX | analog output modules.

OtolV.

OtoSV.

Oto10V.

-lto1lV.

-5to5V.

-10to 10 V.

0to 20 mA.

QUuRrWNREQ
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SCXIlgain isthe SCXI module or channel gain setting. NI-DAQ only usesthis parameter
for analog input modules. Valid SCXIgain values depend on the module type:
SCX1-1100:1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, 2,000.

SCX1-1120:1, 2, 5, 10, 20, 50, 100, 200, 250, 500, 1,000, 2,000.

SCX1-1120D: 0.5, 1, 2.5, 5, 10, 25, 50, 100, 250, 500, 1000.

SCX1-1121:1, 2, 5, 10, 20, 50, 100, 200, 250, 500, 1,000, 2,000.

SCX1-1122:0.01, 0.02, 0.05, 0.1, 0.2,0.5, 1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, 2,000.
SCX1-1140:1, 10, 100, 200, 500

SCX1-1141:1, 2, 5, 10, 20, 50, 100

DAQboard isthe DAQ device you are using with this SCXI module. This applies only
when opCode =0, 1, 2, or 3 and moduleSlot is an analog input module. Otherwise, set
to 0.

DAQchan isthe analog input channel of DAQboard that you are using with this SCXI
module. If you have only one chassis connected to DAQboard and moduleSlot isin
multiplexed mode, DAQchan should be 0. calConst1 will be scaled by the current input
range and polarity settings for this channel. This applies only when opCode =0, 1, 2, or
3 and moduleSlot is an analog input module. Otherwise, set to 0.

DAQgain isthe gain setting for DAQchan. It isused to scale calConst1 (binary offset).
Thisappliesonly when opCode=0, 1, 2, or 3 and moduleSlot isan analog input module.
Otherwise, set to 0.

TBgain is the terminal block gain applied to the SCXI channel, if any. Currently, the
SCX1-1327 terminal block is the only terminal block that applies gain to your SCXI
channels. The SCX1-1327 has switches that you use to select either again of 1.0 or a
gain of 0.01. You can use thisterminal block with an SCX1-1120, SCX1-1120D, or
SCX1-1121 module. For terminal blocks that do not apply gain to your SCXI| channels,
set TBgain =1.0.

voltl, binary1 isthe measured voltage/binary pair you have taken for the given channel
and range or gain. If the module is analog output, volt1 is the voltage or current you
measured at the output channel after writing the binary value binary1 to the output
channel.

If the module is analog input, binary1 is the binary value you read from the input
channel with a known voltage of voltl applied at the input. The binaryl parameter is
floating point, so you may take multiple binary readings from volt1 and average them to
be more accurate and reduce the effects of noise.

NI-DAQ FRM for PC Compatibles 2-332 © National Instruments Corporation



Chapter 2 Function Reference

SCXI_Cal_Constants

Continued

volt2, binary?2 is a second measured voltage/binary pair you have taken for the given
channel and range or gain. If the moduleis analog output, volt2 isthe voltage or current
you measured when NI-DAQ wrote the binary value binary?2 to the output channel. If
the moduleis analog input, binary2 is the binary reading from the input channel with a
known voltage of volt2 applied at the input.

calConstlisthefirst calibration constant. For analog output modules, calConst1 isthe
binary value that will generate the voltage or current at the lower end of the voltage or
current range. For analog input modules, calConst1 isthe binary zero offset; that is, the
binary reading that would result from an input voltage of zero. The offset is stored as a
voltage and must be scaled to a binary value. It is scaled based on DAQgain and the
current configuration of DAQchan (polarity and input range). If opCode = 1 or 2,
calConst1 is areturn value calculated from the voltage/binary pairs. If opCode = 0,
calConstl is areturn constant retrieved from the calibrationArea. If opCode = 0 and
channel =-2, calConst1 isthe actual voltage excitation value returned in units of volts.
If opCode = 3, you should pass your first calibration constant in calConst1 for NI-DAQ
to storein calibrationArea.

calConst2 is the second calibration constant. For analog output modules, calConst2 is
the binary value that generates the voltage or current at the upper end of the voltage or
current range. For analog input modules, calConst2 isthe gain adjust factor; that is, the
ratio of the real gain to the ideal gain setting. If opCode =1 or 2, calConst2 isareturn
value calculated from the voltage/binary pairs. If opCode = 0, calConst2 is areturn
constant retrieved from the calibrationArea. If opCode = 0 and channel =-2,
calConst2 is the actual current excitation value returned in units of milliamperes. If
opCode = 3, you should pass your second calibration constant in calConst2 for NI-DAQ
to storein calibrationArea.

Note: C Programmers—calConst1 and calConst2 are pass-by-reference
parameters.

Using This Function

Analog Input Calibration

Whenyou call SCXI _Scal e to scalebinary analog input data, NI-DAQ usesthe binary
offset and gain adjust calibration constants loaded for the given module, channel, and
gain setting to scale the data to voltage. Please refer to the SCXI _Scal e function
description for the equations used.
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By default, NI-DAQ loads calibration constantsfor the SCX1-1122 and SCX1-1141 from
the module EEPROM (see the EEPROM Organization section later in this function for
more information). The SCX1-1141 has only gain adjust constants in the EEPROM and
does not have binary zero offset in the EEPROM. All other analog input modules have
no calibration constants by default; NI-DAQ assumes no binary offset and ideal gain
settings for those modules unless you use the following procedure to store calibration
constants for your module.

Y ou can determine calibration constants based specifically on your application setup,
which includes your type of DAQ device, your DAQ device settings, and your cable
assembly, all combined with your SCX| module and its configuration settings.

Note: NI-DAQ stores constantsin atable for each SCXI module gain setting. I f
your module has independent gains on each channel, NI-DAQ stores
constants for each channel at each gain setting. When you use the
following procedure, you are also calibrating for your DAQ device
settings, so you must use the same DAQ device settings whenever you use
the new calibration constants. The SCXI-1122 and SCXI-1141 factory
EEPROM constants apply only to the SCXI-1122 and SCXI-1141
amplifiers, respectively, so you can use those with any DAQ device setup.

To perform atwo-point analog input calibration, perform the following steps:

1. If youareusing an AT-MIO-16F-5, AT-MI0O-64F-5, or AT-MI0-16X device, you
should calibrate your ADC first using the M O_Cal i br at e function.

2. Make surethe SCXI gainis set to the gain you will be using in your application. If
you are using an SCX1-1100, SCX1-1122, or SCXI-1141, you can use the
SCXI _Set _Gai n function, because those modules have software-programmable
gain. For other analog input modules, you need to set gain jumpers or DIP switches
appropriately.

3. Use SCXI _Si ngl e_Chan_Set up to program the module for a single-channel
operation (as opposed to a channel scanning operation).

4. Ground your SCXI input channel. If you are using an SCX1-1100, SCXI1-1122, or
SCXI1-1141, you can use the SCXI _Cal i br at e_Set up function to internally
ground the module amplifier inputs. For other analog input modules, you need to
wire the positive and negative channel inputs together at the terminal block.

5. Take several readings using the DAQ functions and average them for greater
accuracy. Y ou should use the DAQ device gain settings you will be using in your
application. If you are using an AT-MI10-16F-5, AT-MI0O-64F-5, or AT-MI0O-16X,
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you can enable dither using the M O_Conf i g function to make your averaging
more accurate. Y ou should average over an integral number of 60 Hz or 50 Hz
power line cycles to eliminate line noise.

Y ou now have your first volt/binary pair: volt1l = 0.0, and binary1l is your binary
reading or binary average.

6. Now apply aknown, stable, non-zero voltage to your input channel at the terminal
block. Preferably, your input voltage should be close to the upper limit of your input
voltage range for the given gain setting.

7. Take another binary reading or average. If your binary reading is the maximum
binary reading for your DAQ device, you should try asmaller input voltage. Thisis
your second volt/binary pair: volt2 and binary2.

8. Cal SCXI _Cal _Const ant s with your two volt/binary pairs and opCode = 2.
Make sure you pass the correct SCX|gain you used and pass the gain code you used
in Al _Read or DAQ_Op in the DAQgain parameter.

If you are using an SCXI-1122 or SCXI-1141, you can save the constants in the
module EEPROM (calibrationArea = 1 or 3). Refer to the EEPROM Organization
section later in this function for information about constants in the EEPROM. It is
best to use calibrationArea = 3 (user EEPROM area) as you are calibrating, and
then call SCXI _Cal _Const ant s again at the end of your calibration sequence
with opCode = 4 to copy your EEPROM area to the default EEPROM load area.
That way there will be two copies of your new constants, and you can revert to the
factory constants using opCode = 4 without wiping out your new constants entirely.

For other analog input modules, you must specify calibrationArea = 0 (NI-DAQ
memory). Unfortunately, calibration constants stored in NI-DAQ memory will be
lost at the end of the current NI-DAQ session. You might want to create afile and
save the constants returned in calConst1 and calConst2 so that you can load them
again in subsequent application runs using SCXI _Cal _Const ant s with
opCode = 3.

Any subsequent callsto SCXI _Scal e for the given module, channel, and gain setting
will use the new calibration constants when scaling. Y ou can repeat steps 2 through 8
for any other channel or gain settings you want to calibrate.

Y ou may use adifferent voltage for the first measurement instead of grounding the input
channel. For instance, if you know you will be using a specific input voltage range, you
might use the endpoints of your expected input voltage range as volt1 and volt2. Then
you would be specifically calibrating your expected input voltage range.
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If you areusing an SCX1-1100, SCX1-1122, or SCX1-1141, you can perform a one-point
calibration to determine the binary offset; you can do this easily without external
hookups using the SCXI _Cal i br at e_Set up function to internally ground the
amplifier. Use the procedure above, skipping steps 6 and 7, and using opCode = 1 for
the SCXI _Cal _Const ant s function.

If you are storing calibration constantsin the SCX1-1122 or SCXI-1141 EEPROM, your
binary offset and gain adjust factors must not exceed the ranges given in the respective
module user manuals. The constant format in the EEPROM does not allow for larger
constants. If your constants exceed these specifications, the function returns
badExtRefError. If thiserror occurs, you should make sureyour SCXIgain, DAQgain,
and TBgain values are the actual settings you used to measure the volt/binary pairs, and
you might want to recalibrate your DAQ device, if applicable.

Analog Output Calibration

When you call SCXI _AO Wi t e to output a voltage or current to your SCX1-1124
module, NI-DAQ uses the calibration constants loaded for the given module, channel,
and output range to scale the voltage or current value to the appropriate binary value to
write to the output channel. By default, NI-DAQ will load calibration constants into
memory for the SCX1-1124 from the module EEPROM load area (see the EEPROM
Organization section for more information).

Y ou can recalibrate your SCX1-1124 module to create your own calibration constants
using the following procedure:

1. Usethe SCXI _AO Wi t e function with opCode = 1. If you are calibrating a
voltage output range, pass the parameter binaryData = 0. If you are calibrating the
0to 20 mA current output range (rangeCode = 6), pass the parameter
binaryData = 255.

2. Measure the output voltage or current at the output channel with avoltmeter. This
isyour first volt/binary pair: binaryl = 0 or 255 and volt1 is the voltage or current
you measured at the output.

3. Usethe SCXI _AO Wi t e function with opCode = 1 to write the
binaryData = 4,095 to the output DAC.

4. Measure the output voltage or current at the output channel. Thisis your second
volt/binary pair; binary2 = 4,095 and volt2 is the voltage or current you measured
at the output.
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5. Cal SCXI _Cal _Const ant s with your voltage/binary pairs and opCode = 2.
Y ou can save the constants on the module EEPROM (calibrationArea =1 or 3).
Refer to the following EEPROM Organization section for information about
constants in the EEPROM. It is best to use calibrationArea = 3 (user EEPROM
area) as you are calibrating, and then call SCXI _Cal _Const ant s again at the
end of your calibration sequence with opCode = 4 to copy the user EEPROM area
to the default load area. That way there will betwo copies of your new constants and
you can revert to the factory constants using opCode = 4 without wiping out your
new constants entirely.

Repeat the procedure above for each channel and range you want to calibrate.
Subsequent callsto SCXI _AO W i t e will use your new constants to scale voltage or
current to the correct binary value.

EEPROM Organization

The SCX1-1122, SCX1-1124, and SCX1-1141 modules have an onboard EEPROM to
handle storage of calibration constants. The EEPROM is divided into three areas:

» Thefactory area is shipped with a set of factory calibration constants; you cannot
write into the factory area, but you can read from it.

e Thedefault load area is where NI-DAQ automatically looks to load calibration
constants the first time you access the module during an NI-DAQ session using an
NI-DAQ function call, such as SCXI _Reset , SCXI _Si ngl e_Chan_Set up, or
SCXI _AO W i t e. When the module is shipped, the default load area contains a
copy of the factory calibration constants. When you write to the default load area
using SCXI _Cal _Const ant s, NI-DAQ also updates the constants in NI-DAQ
memory.

 Theuser areaisan areafor you to store your own calibration constants that you
calculate by following the instructions above and using the
SCXI _Cal _Const ant s function. Y ou can also put acopy of your own constants
in the default load area if you want NI-DAQ to automatically load your constants
for subsequent NI-DAQ sessions.
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Format
status= SCXI_Calibrate Setup (SCXIchassisl D, moduleSlot, calOp)

Purpose
Used to ground the amplifier inputs of an SCX1-1100, SCX1-1122, or SCX1-1141 so that
you can determine the amplifier offset. Y ou can also use this function to switch a shunt
resistor across your bridge circuit to test the circuit. Shunt calibration is supported for
the SCX1-1122 or SCX1-1121 modules with the SCX1-1321 terminal block.

Parameters
Input
Name Type Description
SCXIl chassisID 116 logical 1D assigned to the SCXI chassis
moduleSlot i16 chassis slot number
calOp i16 calibration mode

Parameter Discussion
calOp indicates the calibration mode you want.
0: Disable calibration.
1 Connect the positive and negative inputs of the SCXI-1100, SCX1-1122, or
SCXI1-1141 amplifier together and to analog reference.
2: Switch the shunt resistors across the bridge circuit on the SCXI1-1121
(Revision C or later) or SCXI-1122.

Using This Function
The zero offset of the SCX1-1100, SCX1-1122, or SCXI-1141 amplifiersvarieswith the
modul e gain. When you know the offset at a specific gain setting, you can add that offset
to any readings acquired at that gain. In general, the procedure for determining the offset
at aparticular gain is as follows:;

1. SCXI _Si ngl e_Chan_Set up—Enable the module output, route the module
output on the SCXlbus if necessary, and resolve any SCXIbus contention if
necessary. The module channel you specify isirrelevant.
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2. SCXI _Set _Gai h—Set the module gain to the setting that you will use in your
application.

3. SCXI _Cal i brat e_Set up—Ground the amplifier inputs.

4. Acquire data using the DAQ functions; you should acquire and average many
samples. If you have enabled the filter on the module, wait for the amplifier to settle
after calling SCXI _Cal i br at e_Set up before you acquire data. Refer to your
SCXI1-1100, SCX1-1122, or SCX1-1141 user manuals for settling times caused by
filter settings.

5. SCXI _Cali brat e_Set up—Disable calibration.

6. Continue with your application. Whenever you acquire samples from the modul e at
the gain that you chose in step 2, subtract the binary offset that you read in step 4
from each sample before scaling the data, or call SCXI _Cal _Const ant s to store
the offset in NI-DAQ memory or the EEPROM. Then, subsequent calls to
SCXI _Scal e for the given gain will automatically subtract the offset for you.
Refer to the SCXI _Cal _Const ant s function for more information.

Refer to your SCX1-1321 or SCX1-1122 user manuals for information about how the
modul e applies the shunt resistor when calOp = 2.

The SCX1-1141 has aseparate amplifier for each channel, so you will have to repeat the
above procedure for each channel you wish to calibrate.
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Format
status= SCXI_Change Chan (SCXIchassis| D, moduleSlot, moduleChan)

Purpose
Selects a new channel of a multiplexed module that you have previously set up for a
single-channel analog input operation using the SCXI _Si ngl e_Chan_Set up

function.
Parameters
Input
Name Type Description
SCXIl chassisID 116 logical 1D assigned to the SCXI chassis
moduleSlot i16 chassis slot number of the module
moduleChan i16 channel number

Parameter Discussion
moduleChan is the channel nhumber of the new input channel on the module that isto
be read.
Range: 0to n-1, where n is the number of input channels on the module.
-1 Set up to read the temperature sensor on the terminal block connected to the
module if the temperature sensor isin the MTEMP configuration.

Using This Function
It isimportant to realize that this function affects only the channel selection on the
module. It does not affect the module output enable or any analog signal routing on the
SCXlbus; the SCXI _Si ngl e_Chan_Set up function is required to do that.
SCXI _Change_Chan canbevery useful in applications|ike those shownin Chapter 3,
Software Overview, of the NI-DAQ User Manual for PC Compatibles, especially when
you are trying to read several channels on amodule in aloop at relatively high speeds.
However, you will need to call SCXI _Si ngl e_Chan_Set up again if you want to
select a channel on a different module.
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Format

status= SCXI_Configure Filter (chassislD, moduleSlot, channdl, filter M ode, freq,

cutoffDivDown, outClkDivDown, actualFreq)

Purpose

Configures the filter on any SCX1 module that supports programmable filter settings.
Currently, only the SCX1-1122 and SCX1-1141 have programmable filter settings; the
other analog input modules have hardware-selectable filters.

Parameters
Input
Name Type Description
chassisID i16 chassis ID number
moduleSlot i16 chassis slot number of the module
channel i16 module channel
filterMode i16 filter configuration mode
freq f64 filter cutoff frequency
cutoffDivDown ul6 external signal divisor for cutoff frequency
outClkDivDown ul6 clock signal divisor to send to OUTCLK
Output
Name Type Description
actualFreq f64 actual filter cutoff frequency
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Parameter Discussion

channel is the module channel for which you want to change the filter configuration. If
channel =-1, SCXI _Confi gure_Filt er changesthe filter configuration for all
channels on the module.

filter M ode indicates the filter configuration mode for the given channel.

0: Bypass the filter.

1 Set filter cutoff frequency to freq.

2: Configurethefilter to use an external signal. The module dividesthe external
signal by cutoffDivDown to determine the filter cutoff frequency. The
module also divides the external signal by outClkDivDown and sends it to
the module front connector OUTCLK pin. Y ou can use this filter mode to
configure atracking filter. Y ou can use this mode only with the SCX1-1141.

3: Enable the filter (the reverse of filter M ode 0).

freq isthe cutoff frequency you want to select from the frequencies available on the
module if filterMode = 1.

The SCX1-1122 has two possible cutoff frequencies:
4.0: -10dB at 4 Hz
4,000.0: -3dB at4kHz

The SCX1-1141 has a range of cutoff frequencies from 10 Hz to 25 kHz.

SCXI _Confi gure_Filter producesthe frequency you want as closely as possible
by dividing aninternal 10 MHz signal on the SCX1-1141. The function returns the exact
cutoff frequency produced in the output parameter actual Freq.

If filterMode = 2, set freq to the approximate frequency of the external signal you are
using. Chapter 2 of the SCXI-1141 User Manual explains the impact of different signal
frequencies on the filters.

If filterMode =0 or 3, NI-DAQ ignores freq.

cutoffDivDown is an integer by which the module divides the external signal to
determine the filter cutoff frequency when filter M ode = 2. NI-DAQ ignores this
parameter if filter Mode is not 2.

Range: 210 65,535
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outClkDivDown is an integer by which the module divides either the internal 10 MHz
signal (if filterMode = 1) or the external signal (if filterMode = 2) to send back to the
module front connector OUTCLK pin. This parameter is only used for the SCXI-1141.
Range: 210 65,535

actualFreq returns the actual cutoff frequency that the module uses.

Using this Function

The SCX1-1122 has one filter setting applied to all channels on the module; therefore,

you must set channel = -1. The SCXI-1122 only workswith filter M ode = 1; you cannot
configure the SCX1-1122 to bypassthefilter or to use an external signal to set the cutoff
frequency. The default frequency setting for the SCX1-1122 is 4 Hz.

The SCX1-1141 also has one filter setting applied to all channels, so you must use
channel = -1 when you select a cutoff frequency for that module. After you select the
cutoff frequency for the entire module, you can configure one or more of the channels
to enablethefilter by calling SCXI _Confi gure_Fi | t er againfor each channel and
setting filter M ode = 3. By default, all the channel filters on the SCX1-1141 are
bypassed.
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Format

status= SCXI_Get_Chassis Info(SCXI chassisl D, chassisType, chassisAddress, commM ode,

commPath, numSlots)

Purpose

Returns chassis configuration information.

Parameters
Input
Name Type Description
SCXlchassisID 116 logical 1D assigned to the SCXI chassis
Output
Name Type Description
chassisType i16 type of SCXI chassis
chassisAddress i16 hardware jumpered address of an SCXI-1001
chassis
commM ode i16 communication mode
commPath i16 communication path
numsSlots i16 number of plug-in module slots

Parameter Discussion

chassisType indicates what type of SCXI chassisis configured for the given

SCXlchassislD.

0: SCXI1-1000 4-slot chassis.

1 SCX1-1001 12-slot chassis.
2: SCX1-2000 4-slot remote chassis.
3 V XI1-SC-1000 carrier module
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chassisAddress is the hardware-jumpered address of an SCXI chassis.
Range: 0 to 31 (SCX1-1000, SCX1-1001).
0 to 255 (SCX1-2000 or SCXI chassis with SCX1-2400 module).

commM ode is the Communication mode that will be used when the driver
communicates with the SCXI chassis and modules.
0: Communication mode is disabled. In effect, the chassis is disabled.
1 Serial communication is enabled through a digital output port of a DAQ
device that is cabled to a module in the chassis.
2: Parallel communication is enabled over the PC parallel port that is cabled to
the SCX1-1200 module.
3: Serial communication is enabled over the PC serial port that is cabled to one
or more SCX1-2000 chassis or SCX1-2400 modules.

commPath is the communication path that will be used when the driver communicates
with the SCXI chassis and modules. If commMode = 1 or 2, commPath should be the
device number of the DAQ device that is the designated communicator for the chassis.
If commM ode = 3, commPath isthe serial port for this chassis. When commM ode = 0,
commPath is meaningless.

numsSlotsis the number of plug-in module slots in the SCXI chassis.
4: For the SCX1-1000 and SCX1-2000 chassis.
12: For the SCX1-1001 chassis.
24: For the VX1-SC-1000 carrier module.

= Note: C Programmers—chassisType, chassisAddress, commM ode, commPath,
and numSlots are pass-by-reference parameters.
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Format

status= SCXI_Get_Module_Info (SCXIchassislD, moduleSlot, modulePresent,
operatingM ode, DAQdeviceNumber)

Purpose

Returns configuration information for the given chassis slot number.

Parameters
Input
Name Type Description
SCXIl chassisID i16 logical ID assigned to the SCXI chassis
moduleSlot i16 chassis slot number
Output
Name Type Description
modulePresent i32 type of module present in given slot
operatingM ode i16 multiplexed or parallel mode
DAQdeviceNumber i16 device number of the DAQ devicethat iscabled

to the module

Parameter Discussion

modulePr esent indicates what type of module is present in the given slot.
-1 Empty slot; there is no module present in the given slot.

2: SCX1-1121.
4 SCX1-1120.
6: SCX1-1100.
8: SCX1-1140.
10: SCX1-1122.
12: SCX1-1160.
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14: SCXI-1161.
16: SCXI1-1162.
18: SCXI1-1163.
20: SCX1-1124.
24: SCXI-1162HV.
28: SCXI1-1163R.
30: SCX1-1102.
32 SCXI1-1141.
38: SCX1-1200.
40: SCX1-2400.
42: VXI1-SC-1102
44: VXI1-SC-1150
68: SCXI1-1120D.

Any other value returned in the modulePresent parameter indicates that an unfamiliar
module is present in the given slot.

oper atingM ode indicates whether the modul e present in the given slot is being operated
in Multiplexed or Parallel mode. Please refer to Chapter 12, SCXI Hardware, inthe DAQ
Hardware Overview Guide for an explanation of each operating mode. If the slot is
empty, operatingM ode is meaningless.

0: Multiplexed operating mode.

1 Parallel operating mode.

DAQdeviceNumber is the device number of the DAQ device in the PC that is cabled
directly to the module present in the given slot. If the slot isempty, DAQdeviceNumber
is meaningless.

0: No DAQ deviceis cabled to the module.

n, where n is the device number of the DAQ device cabled to the module.

If the moduleSlot contains an SCX1-1200, DAQdeviceNumber isthe logical device
number of the SCX1-1200. If the moduleSlot contains an SCX1-2400,
DAQdeviceNumber is 0.

Note: C Programmers—modulePresent, operatingM ode, and
DAQdeviceNumber are pass-by-reference parameters.
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Format
status= SCXI_Get_State (SCXIChassis| D, moduleSlot, port, channel, data)

Purpose
Gets the state of a single channel or an entire port on a digital or relay SCX| module.

Parameters
Input
Name Type Description
SCXIChassisID i16 chassis ID number
moduleSlot i16 module slot number
port i16 port of the module to writeto (al current
modules support only Port 0)
channel 116 channel of the specified port to read from
Output
Name Type Description
data u32 Contains data read from a single channel or a
digital pattern for an entire port

Parameter Discussion
port is the port number of the module to be read from. Currently, all of the SCXI
modules support only Port 0.

channel is the channel number on the specified port.
n: Read from a single channel.
SCXI1-1160: 0 < n< 16.
SCX1-1161: 0<n< 8.
SCXI-1162: 0< n< 32.
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SCX1-1162HV: 0 < n< 32.
SCX1-1163: 0< n < 32.
SCX1-1163R: 0 < n< 32.
-1 Read the state pattern from an entire port.

When channel = -1, data contains the pattern of an entire port. Bit O corresponds to the
state of channel 0 in the port, and the states of the other channels are represented in
ascending order in data so that bit n corresponds to channel n. If the port is |ess than
32 bits wide, the unused bitsin data are set to zero.

When channel = n, the least significant bit (LSB) (bit 0) of data contains the state of
channel n on the specified port.

For relay modules, a 0 bit indicates that the relay is closed or in the normally closed
position, and a 1 indicates that the module is open or in the normally open position. For
SCXI digital modules, a0 bit indicates that the lineislow, and a 1 bit indicates that the
lineis high.

Note: For a discussion of the NC and NO positions, please see your SCXI
module user manual.

Note: C Programmers—data is a pass-by-reference parameter.

Using This Function

The SCX1-1160 is alatching module; in other words, the module powers up with its
relaysinthe position they wereleft at power down. Thus, at the beginning of an NI-DAQ
application, there is no way to know the states of the relays. The driver will retain the
state of arelay as soon as a hardware write takes place.

The SCX1-1161 is a nonlatching module and powers up with itsrelaysin the NC
position. After you call SCXI _Load_Confi g or SCXI _Set Confi g, an actua
hardware write to the relays must take place before the driver can obtain the state
information of the relays, just like the SCX1-1160. You can call SCXI _Reset todo
this.

The SCX1-1163 and 1163R are optocoupler output modules with 32 digital output
channels and 32 solid state relay channels, respectively. NI-DAQ can read the states of
the module only if the module is jumper configured and operating in Parallel mode.
When operating in Serial or Multiplexed mode, the driver retains the states of the digital
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output lines in memory. Consequently, a hardware write must take place before the
driver can obtain the states of the module.

You should call SCXI _Reset after acall to SCXI _Set _Confi g or
SCXI _Load_Confi g for the SCXI-1160, SCX1-1161, SCXI-1163, and SCXI-1163R
modul es.

Remember that only on the SCXI-1162, SCX1-1163, SCXI-1162HV, and SCXI-1163R
in Parallel mode does NI-DAQ read the states from hardware. On both the SCX1-1160
and SCXI1-1161, the driver keeps a software copy of the relay statesin memory.
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Format
status= SCXI_Get_Status (SCXIChassisI D, moduleSlot, wait, data)

Purpose

Readsthe datain the Status Register on the specified module. Thisfunction supportsthe
SCXI-1160, VXI-SC-1102, SCXI-1102, SCX1-1122, and SCXI-1124 modules.

Parameters
Input
Name Type Description
SCXIChassisID 16 chassis ID number
moduleSlot i16 module slot number
wait 116 determinesif the function should poll the Status
Register, until timeout, for the SCXI module to
become ready
Output
Name Type Description
data u32 contains the contents of the Status Register

Parameter Discussion

wait determinesif the function should poll the Status Register on the module until either
the module is ready or timeout is reached. If the module is not ready by timeout,
NI-DAQ returns a timeout error.
1 The function will poll the Status Register on the module, until ready or
timeout.
0: The function will read and return the Status Register on the module.
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data contains the contents of the Status Register.

0: Indicates that the module is busy. Do not perform any further operations on
the modules until the status bit goes high again. This value means the
SCX1-1122 or SCX1-1160 relays are still switching or the SCX1-1124 DACs
are still settling.

1 Indicates that the module isready. The SCXI-1122 or SCXI-1160 relays are
finished switching or the SCX1-1124 DACs have settled.

= Note C Programmers—data is a pass-by-reference parameter.

Using This Function

If wait = 1, the function will wait a maximum of 100 ms for the module status to be
ready. If, while polling the Status Register, a timeout occurs, the output parameter data
returns the current value of the Status Register.

The SCX1-1160, SCX1-1102, VXI-SC-1102, SCX1-1122, and SCX1-1124 Status
Registers contain only one bit, so only the least significant bit of the data parameter is
meaningful.
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Format
status = SCXI_L oad_Config (SCXIchassisI D)

Purpose
L oads the SCXI chassis configuration information that you established in the
configuration utility. Sets the software states of the chassis and the modules present to
their default states. This function makes no changes to the hardware state of the SCXI
chassis or modules.

Parameters
Input
Name Type Description
SCXlchassisID i16 logical ID assigned to the SCXI chassis

Using This Function
It isimportant to realize that this function makes no changes to the hardware. To reset
the hardwareto its default state, you should usethe SCXI _Reset function. Refer to the
SCXI _Reset function description for alisting of the default states of the chassis and
modul es.

It is possible to change the configuration programmatically that you established in the
configuration utility using the SCXI _Set _Conf i g function.
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Format
status= SCXI_ModulelD_Read (SCXI chassisl D, moduleSlot, M odulel D)

Purpose
Reads the Module ID register of the SCXI module in the given slot.

Parameters
Input
Name Type Description
SCXl chassislD i16 logical ID assigned to the SCXI chassis
moduleSlot 116 SCXI1 module slot number
Output
Name Type Description
modulel D 132 module ID read from the given slot

Parameter Discussion
modulel D isthe value read from the Module ID register on the module. The module ID
has the same numeric values as the modulePr esent parameter of the
SCXl _Get Chassi s_I nfo.

-1lor0:  The communication path most likely is broken (for example, the chassisis
powered off, a cable is not connected, the wrong cable adapter has been
installed, or wrong jumper settings made), or there is no module present in
that slot.

SCXI-1121
SCXI1-1120
SCXI1-1100.
SCXI-1140.
10: SCXI1-1122.
12: SCXI1-1160.
14: SCXI-1161.

(SN

NI-DAQ FRM for PC Compatibles 2-354 © National Instruments Corporation



Chapter 2 Function Reference

SCXI_ModulelD_Read

Continued

16: SCXI1-1162.
18: SCXI1-1163.
20: SCX1-1124.
24: SCXI-1162HV.
28: SCXI1-1163R.
30: SCX1-1102.
32 SCXI1-1141.
38: SCX1-1200.
40: SCX1-2400.
42: VXI1-SC-1102.
44: VX1-SC-1150.
68: SCXI1-1120D.

Using This Function

The principal difference between thisfunction and SCXI _Get Modul e_| nf o isthat
this function does a hardware read of the module. In contrast,

SCXI _Get _Mbdul e_|I nf o returns the module type stored by the NI-DAQ
Configuration Utility.

You can use SCXI _Modul el D_Read to verify that your SCXI system is configured
and communicating properly. For example, a call to this function at the beginning of
your program ensures that the SCXI chassisis powered on, the SCXI cableis properly
connected, and themodulein nodul eS| ot matchesthe modul e type configured by the
NI-DAQ Configuration Utility. SCXI _Modul el D_Read returnsapositive status code
of SCXIModuleTypeConflictError if the module ID read does not match the
configured module type.

Note: Saving your SCXI configuration in the NI-DAQ Configuration Utility also
reads the module I D from the SCXI module being saved and reports an
error if the module 1D read and the module type being configured do not
match. The Test option in the Configuration menu in the SCXI
Configuration window reads the module | Ds of all configured modules
and verifies that all the module I Ds read from the chassis match the
configured module types.
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Format
status = SCXI_MuxCtr_Setup (deviceNumber, enable, scanDiv, ctrValue)

Purpose
Enables or disables a DAQ device counter to be used as a multiplexer counter during
SCXI1 channel scanning to synchronize the DAQ device scan list with the module scan
list that NI-DAQ has downloaded to Slot 0 of the SCXI chassis.

Parameters
Input
Name Type Description

deviceNumber 116 assigned by configuration utility

enable i16 whether to enable counter 1 to be a mux counter
scanDiv i16 whether the mux counter will divide the scan

clock
ctrValue ulé value to be programmed into the mux counter

Parameter Discussion
enableindicates whether to enable a device counter to be amux counter for subsequent
SCXI channel scanning operations.
0: Disable the mux counter; the device counter is freed.
1 Enable the device counter to be a mux counter.

scanDiv indicates whether the mux counter will divide the scan clock during the
acquisition.
0: The mux counter does not divide the scan clock; it simply pulses after every
n mux-gain entry on the DAQ device, where n isthe ctrValue. The mux
counter pulses are currently not used by the SCX| chassis or modules, so this
mode is not useful.
1 The mux counter divides the scan clock so that n conversions are performed
for every mux-gain entry on the DAQ device, where n isthe ctrValue.
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ctrValueisthe value NI-DAQ will program into the mux counter. If enable = 1 and
scanDiv =1, ctrValueis the number of conversions NI-DAQ will perform on each
mux-gain entry on the DAQ device. If enable = 0, NI-DAQ ignores this parameter.

Using This Function
Y ou can use this function to synchronize the scan list that NI-DAQ has loaded into the
mux-gain memory of the DAQ device and the SCX| module scan list that NI-DAQ has
loaded into Slot 0 of the SCXI chassis. The total number of samples to be taken in one
pass through each scan list should be the same. Am9513-based MO devices use counter
1 as the mux counter. The Lab-PC-1200, Lab-PC-1200Al, Lab-PC+, DAQCard 1200,
PCI-1200, SCX1-1200, and E Series devices have a dedicated mux counter.

For example, for the following scan lists, actrValue of 8 causes NI-DAQ to take eight
samples for each M1O or Al scan list entry. Thefirst two entries in the module scan list
will occur during the first entry of the MIO or Al scan list, at an MIO or Al gain of 5.
Thethird module scan list entry will occur during the second entry of the M1O or Al scan
list, at an M1O or Al gain of 10. Thus, NI-DAQ uses the ctrValue here to distribute
different M1O or Al gains across the module scan list, as well as to make the scan list
lengths equal at 16 samples each.

Module Scan List MIO or Al Scan List
Module Number of Samples Channel Gain

2 4 0 5

3 4 0 10

4 8 — —

Another example would use the same module scan list in the preceding table, but use as
MIO or Al scan list with only one entry for channel 0. In this case, actrValue of 16
would be appropriate.
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Format
status = SCXI_Reset (SCXl chassisl D, moduleS|ot)

Purpose
Resets the specified moduleto its default state. Y ou can also use SCXI _Reset to reset
the Slot 0 scanning circuitry or to reset the entire chassis.

Parameters
Input
Name Type Description
SCXIl chassisID 116 logical 1D assigned to the SCXI chassis
moduleSlot i16 chassis slot number of the module

Parameter Discussion
moduleSlot is the chassis slot number of the module that is to be reset.
Range: 1to n, where n is the number of slotsin the chassis.

0: Reset Slot 0 of the chassis by resetting the module scan list and scanning
circuitry. If thisisaremote SCXI chassis, Slot 0 is rebooted and it will take
afew seconds for this call to return because it waits for the chassis to finish
booting and attempts to reestablish communication with the chassis.

-1 Reset all modules present in the chassis and reset Slot 0.

Using This Function
The default states of the SCX| modules are as follows:

e SCXI-1100 and SCXI-1122:
Module gain = 1.
Module filter = 4 Hz (SCX1-1122 only).
Channel O is selected.
Multiplexed channel scanning is disabled.
Module output is enabled if the module is cabled to a DAQ device.
Calibration is disabled.
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» SCXI-1120, SCX1-1120D, SCXI-1121, and SCXI-1140:

— If the module is operating in Multiplexed mode:
Channel 0 is selected.
Multiplexed channel scanning is disabled.
Module output is enabled if the module is cabled to a DAQ device.
Hold count is 1.

— If the module is operating in Parallel mode:
All channels are enabled.
Track/hold signal is disabled.

e SCXI-1124:
Sets the voltage range for each channel to 0 to 10 V. Writes a binary 0 to each
DAC.

e SCXI-1141:

— If the module isin Multiplexed mode:
Channel O is selected.
Amplifier gains = 1.
Filters are bypassed.
MUXed scanning is disabled.
Module output is enabled if moduleis cabled to a DAQ device.
Autozeroing is disabled.

— If themoduleisin Parallel mode:
All channels are enabled.
Amplifier gains = 1.

Filters are bypassed.
Autozeroing is disabled.

¢ SCXI-1160:
Sets the current state information of relays in memory to unknown. No
hardware write takes place.

+ SCXI-1161:
Initializes all of the relays on the module to the Normally Closed position. It
also updates the software copy of the status maintained by the driver.

e SCXI-1163:
Initializes all of the digital output lines on the module to alogical high state.

e SCXI-1163R:
Initializes all of the solid state relays to their open states.
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e SCXI-1200:

Sets channel 0 to read from the front panel 50-pin connector and not the
SCXlbus. Usel ni t _DA Br ds to completely initialize the hardware and
software state of the SCXI-1200.

e SCXI-2400:
Reboots the module. It will take a few seconds for this call to return because it
waits for the module to finish booting and attempts to reestablish
communication with the module.
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Format

status = SCXI_Scale (SCXI chassisl D, moduleSlot, channel, SCXIgain, TBgain, DAQboard,
DAQchannel, DAQgain, numPoints, binArray, voltArray)

Purpose

Scalesan array of binary data acquired from an SCXI channel to voltage. SCXI _Scal e
uses stored software calibration constants if applicable for the given module when it
scales the data. The SCX1-1122 and SCX1-1141 have default software calibration
constants loaded from the module EEPROM; all other analog input modules have no
software calibration constants unless you follow the analog input calibration procedure
outlined in the SCXI _Cal _Const ant s function description.

Parameters
Input
Name Type Description
SCXl chassisID i16 SCXI chassis ID number
moduleSlot i16 SCXI module slot number
channel i16 SCXI1 channel from which the data was acquired
SCXlgain f64 SCXI gain setting for the channel
TBgain f64 gain applied at SCX| terminal block, if any
DAQboard i16 device number of the DAQ device that acquired
the data
DAQchannel i16 onboard DAQ channel used in the acquisition
DAQgain i16 DAQ device gain used in the acquisition
numPoints u32 number of data pointsto scale
binArray [i16] binary data returned from acquisition
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Output
Name Type Description
voltArray [f64] array of scaled data

Parameter Discussion
channel is the number of the channel on the SCXI module.
Range: 0 to n-1, where n is the number of channels available on the module.
-1 Scale data acquired from the temperature sensor on the terminal block
connected to the module if the temperature sensor isin the MTEMP
configuration.

SCXIlgain isthe SCXI module or channel gain setting. Valid SCXIgain values depend
on the module type:

SCXI-1100:1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, 2,000.

SCXI-1120:1, 2, 5, 10, 20, 50, 100, 200, 250, 500, 1,000, 2,000.

SCXI-1120D:0.5, 1, 2.5, 5, 10, 25, 50, 100, 250, 500, 1000.

SCXI-1121:1, 2, 5, 10, 20, 50, 100, 200, 250, 500, 1,000, 2,000.

SCXI-1122:0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, 2,000.
SCXI-1140:1, 10, 100, 200, 500.

SCXI-1141:1, 2, 5, 10, 20, 50, 100.

TBgain isthe gain applied at the SCXI terminal block. Currently, only the SCXI-1327
terminal block can apply gain to your SCX| module channels; it has DIP switches to
chooseagain of 1.0 or 0.01 for each input channel. Y ou can use the SCX1-1327 with the
SCX1-1120, SCX1-1120D, and SCX1-1121 modules. For terminal blocks that do not
apply gain to your SCXI channels, set TBgain = 1.0.

DAQboard isthe device number of the DAQ device you used to acquire the binary data.
This should be the same device number that you passed to the DAQ or SCAN function
call, and the same DAQboard number you passed to SCXI _Si ngl e_Chan_Set up
or SCXI _SCAN_Set up.

DAQchannel isthe DAQ device channel number you used to acquire the binary data.
This should be the same channel number that you passed to the DAQ or SCAN function
call. For most cases, you will be multiplexing all of your SCXI channelsinto DAQ
device channel 0.
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DAQgain isthe DAQ device gain you used to acquire the binary data. This should be
the same gain code that you passed to the DAQ or SCAN function call. For most cases,
you will use a DAQ device gain of 1, and you will set any gain you need at the SCXI
module.

numPoints is the number of data points you want to scale for the given channel. The
binArray and voltArray parameters must be arrays of alength greater than or equal to
numPoints. If you acquired datafrom more than one SCXI channel, you must be careful
to pass the number of points for this channel only, not the total number of points you
acquired from all channels.

binArray isthe array of binary data for the given channel. binArray should contain
numPoints data samples from the SCXI| channel. If you acquired data from more than
one SCXI channel, you need to demultiplex the binary data that was returned from the
SCANCcall beforeyou call SCXI _Scal e. Youcan usethe SCAN_Denux call to do this.
After demuxing the binary data, you should call SCXI _Scal e once for each SCXI
channel, passing in the appropriate demuxed binary data for each channel.

voltArray isthe output array for the scaled voltage data. voltArray should be at |east
numPoints elements long.

Using This Function
SCXI _Scal e uses the following equation to scale the binary data to voltage:

_ (binArray[i] —binaryOffset)(voltageResol ution)
(SCXlgain)(TBgain)(DAQgain)(gainAdjust)

voltArrayli]

The voltage resolution depends on your DAQ device and itsrange and polarity settings.
For example, the AT-MIO-16 in bipolar mode with an input range of -10to 10 V has a
voltage resolution of 4.88 mV per LSB.

NI-DAQ automatically loads binaryOffset and gainAdjust for the SCX1-1122 for al of
its gain settings from the module EEPROM. The SCX1-1122 module is shipped with
factory calibration constants for binaryOffset and gainAdjust loaded in the EEPROM.
Y ou can cal culate your own calibration constants and store them in the EEPROM and in
NI-DAQ memory for SCXI _Scal e to use. Please refer to the procedure outlined in the
SCXI _Cal _Const ant s function description. The same is true for the SCX1-1141,
except binaryOffset is not on the SCX1-1141 EEPROM and defaults to 0.0. However,
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you can calculate your own binaryOffset using the procedure outlined in the
SCXI _Cal _Const ant s function description.

For other analog input modules, binaryOffset defaults to 0.0 and gainAdjust defaults to
1.0. However, you can calculate your own calibration constants and store them in
NI-DAQ memory for NI-DAQ to usein the SCXI _Scal e function by following the
procedure outlined in the SCXI _Cal _Const ant s function description.
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Format

status = SCXI_SCAN_Setup (SCXIchassisID, numModules, moduleList, numChans,

startChans, DAQdeviceNumber, modeFlag)

Purpose

Sets up the SCXI chassisfor a multiplexed scanning data acquisition to be performed by
the given DAQ device. You can scan modules in any order; however, you must scan
channels on each module in consecutive order. The function downloads a module scan
list to Slot 0 in the SCXI chassis that will determine the sequence of modules to be
scanned and how many channels on each module NI-DAQ will scan. NI-DAQ programs
each module with its given start channel and resolves any contention on the SCXIbus.

Parameters
Input
Name Type Description
SCXIl chassislD i16 logical ID assigned to the SCXI chassis
numM odules i16 number of modules to be scanned
moduleL ist [116] list of module slot numbers
numChans [116] how many channels to scan on each module
startChans [i16] contains the start channels for each module
DAQdeviceNumber 116 the DAQ device that will be performing the
channel scanning
modeFlag i16 scanning mode to be used

Parameter Discussion

numM odulesisthe number of modulesto be scanned, and the length of the moduleL ist,

numChans, and startChans arrays.

Range: 1 to 256.
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moduleList is an array of length numM odules containing the list of module slot
numbers corresponding to the modules to be scanned.
Range: moduleList[i] =1 to n, where n is the number of slotsin the chassis.

Any value in the modulelList array that is greater than the number of slots available in
the chassis (such as avalue of 15 or 16) can act as a dummy entry in the module scan
list. Dummy entriesarevery useful in multichassis scanning operationsto indicate in the
module scan list when the MIO or Al is scanning channels on another chassis.

numChansisan array of length numM odules that indicates how many channelsto scan
on each modulerepresented inthemoduleL ist array. If the number of channels specified
for amodul e exceeds the number of input channels available on the modul e, the channel
scanning will wrap around after the last input channel and continue with the first input
channel. If amodule is represented more than once in the moduleL ist array, there can
be different numChans values for each entry. For the SCXI-1200, this parameter
depends entirely on its corresponding startChans value.

Range: numChang[i] = 1 to 128.

startChansisan array of length numM odules that contains the start channels for each
module represented in the moduleList array. If amoduleis represented more than once
in the moduleL ist array, the corresponding elements in the startChans array should
contain the same value; there can only be one start channel for each module.

startChang[i] = 0 to n-1, where n is the number of input channels available on the
corresponding module, selects the indicated channel as the lowest scanned channel.
NI-DAQ will scan atotal of hnumChans successive channels starting with this channel,
on the module represented by moduleL ist][i].

(SCXI1-1102 and V X1-SC-1102 only)—startChang[i] =c + ND_CJ_TEMP, wherecisa
channel number as described above, selects scanning of the temperature sensor on the
terminal block, followed by successive channelsbeginning with c. NI-DAQ will scanthe
temperature sensor and then atotal of numChans-1 successive channels starting with
channel c, for atotal of numChans readings on the module represented by
moduleList[i].

startChangi] = -1 selects only the temperature sensor on the terminal block; no channels
are scanned.
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Keep in mind that if you use -1 to select the temperature sensor, all readings from that
module will be readings of the temperature sensor only; channel scanning is not
possible.

DAQdeviceNumber is the device number of the DAQ device that will perform the
channel scanning operation. If you are using the SCX1-1200 to perform the data
acquisition, you should specify the module logical device number.

modeFlag indicates the scanning mode to be used. Only one scanning modeis currently
supported, so you should always set this parameter to zero.
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Format

status= SCXI_Set_Config (SCXIchassisI D, chassisType, chassisAddress, commM ode,
commPath, numSlots, modulesPr esent, oper atingM odes, connectionM ap)

Purpose
Changes the software configuration of the SCXI chassis that you established in the
configuration utility. Sets the software states of the chassis and the modul es specified to
their default states. This function makes no changes to the hardware state of the SCXI
chassis or modules.

Note: You cannot use this function to configure a chassis that contains an
SCXI1-1200.
Parameters
Input
Name Type Description
SCXl chassislD i16 logical ID assigned to the SCXI chassis
chassisType i16 type of SCXI chassis
chassisAddress 116 hardware-jumpered address
commM ode i16 communication mode used
commPath i16 communication path used
numSlots 116 number of plug-in module slots
modulesPr esent [i32] type of module present in each slot
operatingM odes [i16] the operating mode of each module
connectionMap [i16] describes the connections between the SCXI
chassis and the DAQ devices
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Parameter Discussion
chassisType indicates what type of SCXI chassisis configured for the given
SCXlchassisID.
0: SCX1-1000 4-slot chassis.
1 SCX1-1001 12-slot chassis.
2: SCX1-2000 (remote SCXI)
3: V X1-SC-1000 carrier module

chassisAddressis the hardware jumpered address of an SCXI chassis.
Range: Oto 31.

commM ode is the communication mode that will be used when the driver
communicates with the SCXI chassis and modules.
0: Communication mode is disabled. In effect, this disables the chassis.
1 Enables serial communication through adigital output port of aDAQ device
that is cabled to amodule in the chassis.
2: Enables serial communication through the parallel port cabled to an
SCX1-1200 in the chassis.

commPath is the communication path that will be used when the driver communicates
with the SCXI chassis and modules. When commM ode = 1 or 2, set the path to the
device number of the DAQ device that is the designated communicator for the chassis.
If only one DAQ deviceis connected to the chassis, set commPath to the device number
of that device. If more than one DAQ deviceis connected to modulesin the chassis, you
must designate one device as the communicator device, and you should set its device
number to commPath. Refer to the connectionM ap array description; you should set
commPath to one of the device numbers specified in that array. When commM ode = 0
or 3, NI-DAQ ignores commPath.

numSlotsis the number of plug-in module slots in the SCXI chassis.
4: For the SCXI-1000 chassis.
12: For the SCXI-1001 chassis.

modulesPresent is an array of length numsSlots that indicates what type of module is
present in each slot. The first element of the array corresponds to slot 1 of the chassis,
and so on.
-1: Empty slot; there is no module present in the corresponding slot.
2: SCXI-1121.
4: SCXI1-1120.
6: SCXI1-1100.
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8: SCXI-1140.
10: SCXI1-1122.
12: SCXI1-1160.
14: SCXI-1161.
16: SCXI1-1162.
18: SCXI1-1163.
20: SCXI1-1124.
24: SCXI-1162HV.
28: SCXI1-1163R.
30: SCX1-1102.
32 SCXI-1141.
42: VXI-SC-1102.
44: VX1-SC-1150.
68: SCXI1-1120D.

Any other valuefor an element of the modulesPr esent array indicatesthat amodul e that
isunfamiliar to NI-DAQ (such asacustom-built module) is present in the corresponding
slot.

operatingModes is an array of length numSlots that indicates the operating mode of
each module in the modulesPresent array—multiplexed or parallel. Please refer to
Chapter 12, SCXI Hardware, of the DAQ Hardware Overview Guide for an explanation
of each operating mode. If any of the slots are empty (indicated by avalue of -1 in the
corresponding element of the modulesPresent array), NI-DAQ ignores the
corresponding element in the operatingM odes array.

0: Multiplexed operating mode.

1 Parallel operating mode.

2: Parallel operating mode using the secondary connector of the DAQ device.

connectionMap is an array of length numSlots that describes the connections between
the SCXI chassisand the DAQ devicesin the PC. For each module present in the chassis,
you must specify the device number of the DAQ device that is cabled to the module, if
there is one. For the SCX1-1200 module, you should specify the logical device number
of the module. If any of the slots are empty (indicated by avalue of -1 in the
corresponding element of the modulesPresent array), NI-DAQ ignores the
corresponding element of the connectionM ap array. The commPath parameter value
must be one of the DAQ device numbers specified in this array.

0: No DAQ deviceis cabled to the module.

n: where n is the device number of the DAQ device cabled to the module.
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Using This Function
The configuration information that was saved to disk by the configuration utility will
remain unchanged; this function changes only the configuration in the current
application. Any subsequent callsto SCXI _Load_Confi g will reload the
configuration from the configuration utility.

Remember, the hardware state of the chassisis not affected by this function; you should
usethe SCXI _Reset functionto reset the hardware states. Refer tothe SCXI _Reset
function description for alisting of the default states of the chassis and modules.
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Format
status= SCXI_Set_Gain (SCXIchassisl D, moduleSlot, channel, gain)

Purpose
Sets the specified channel to the given gain setting on any SCXI| module that supports
programmable gain settings. Currently, the SCX1-1100, SCX1-1102, VX1-SC-1102,
SCX1-1122, and SCX1-1141 have programmable gains; the other analog input modules
have hardware-sel ectable gains.

Parameters
Input
Name Type Description
SCXlchassisID 116 chassis |ID number
moduleSlot i16 module slot number
channel i16 module channel
gain f64 gain setting

Parameter Discussion
channel isthe module channel you want to change the gain setting for. If channel = -1,
SCXI _Set _Gai n changesthegain for all channelson the module. The SCX1-1100 and
SCX1-1122 have one gain amplifier, so all channels have the same gain setting;
therefore, you must set channel = -1 for those modules.

gain is the gain setting you want to use. Notice that gain is a double-precision floating
point parameter. Valid gain settings depend on the module type:

SCXI-1100:1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, 2,000.

SCXI-1102/VX1-SC-1102: 1, 100.

SCXI1-1122:0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 200, 500, 1,000, 2,000.
SCXI-1141:1, 2, 5, 10, 20, 50, 100.
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Format
status = SCXI_Set_Input_Mode (SCXIchassisl D, moduleSlot, inputM ode)

Purpose
Configures the SCX1-1122 channels for two-wire mode or four-wire mode.

Parameters
Input
Name Type Description
SCXlchassisID i16 chassis ID number
moduleSlot i16 module slot number
inputM ode i16 channel input mode configuration

Parameter Discussion

inputM ode is the channel configuration you want to use.
0: two-wire mode (module default).
1: four-wire mode.

Using This Function

When the SCXI-1122 isin two-wire mode (module default setting), the module is
configured for 16 differential input channels.

When the SCX1-1122 isin four-wire mode, channels O through 7 are configured to be
differential input channels, and channels 8 through 15 are configured to be current
excitation channels. The SCXI-1122 has a current excitation source that will switch to
drive the corresponding excitation channel 8 through 15 whenever you select an input
channel 0 through 7. Channel 8 will produce the excitation when you select input
channel 0, channel 9 will produce the excitation when you select input channel 1, and so
on. Y ou can use four-wire mode for single point data acquisition, or for multiple channel
scanning acquisitions. During a multiple channel scan, the excitation channels will
switch simultaneously with the input channels.
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Y ou can hook up an RTD or thermistor to your input channel that uses the corresponding
excitation channel to drive the transducer.

You can call the SCXI _Set | nput _Mbde function to enable four-wire mode at any

time before you start the acquisition; you can call SCXI _Set _| nput _Mbde again
after the acquisition to return the module to normal two-wire mode.
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Format

status = SCXI_Set_State (SCXIChassisI D, module, port, channel, data)

Purpose

Sets the state of a single channel or an entire port on a digital output or relay module.

Parameters
Input
Name Type Description

SCXIChassisID i16 chassis ID number

module i16 module slot number

port i16 port of the module to writeto (all current
modules support only port 0)

channel i16 the channel on the specified port to change

data u32 contains new state information for asingle
channel or adigital pattern for an entire port

Parameter Discussion

port is the port number of the module to be written to. Currently, all of the SCXI
modul es support only port O.

channel isthe channel number on the specified port. Because all of the modules support
only Port 0, channel maps to the actual channel on the module. If channel = -1, the
function writes the pattern in data to the entire port.

n: Write to a single channel.
SCXI1-1160: 0 < n< 16.
SCXI-1161: 0<n<8.
SCXI1-1163: 0 < n< 32.
SCX1-1163R: 0 < n< 32.

-1 Write to an entire port.
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When channel = -1, data contains the pattern of an entire port. Bit O corresponds to the
state of channel 0 in the port, and the states of the other channels are represented in
ascending order in data so that bit n corresponds to channel n. If the port islessthan 32
bits wide, the unused bits in data are ignored.

When channel = n, the LSB (bit 0) of data contains the state of channel n on the
specified port.

For relay modules, a 0 bit indicates that the relay is closed or in the normally closed
position, and a 1 indicates that the module is open or in the normally open position. For
SCXI digital modules, a0 bit indicates that thelineislow, and a 1 bit indicates that the
lineishigh.

Note: For a discussion of the NC and NO positions, please see your SCXI
module user manual.

Using This Function

Because the relays on the SCXI -1160 module have afinite lifetime, the driver will
maintain a software copy of the relay states as you write to them; this allows the driver
to excite the relays only when you specify anew relay state. If you call thisfunction to
specify the current relay state again, NI-DAQ will not excite the relay again. When the
SCX1-1160 powers up, the relays remain in the same position as they were at power
down. However, when you start an application, the driver does not know the states of
the relays; it will excite all of the relays the first time you write to them and then
remember the states for the remainder of the application. When you call the

SCXI _Reset function, the driver will mark all relay states as unknown.

The SCX1-1161 powers up with its relays in the NC position. The SCX1-1163 powers
up with its output lines high when you operate the module in multiplexed mode. The
SCX1-1163R powers up with relays open. If you operate the SCX1-1163 or 1163R in
parallel mode, the states of the output lines or relays are determined by the states of the
corresponding lines on the DAQ device.
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status = SCXI_Single_Chan_Setup (SCXIchassis| D, moduleSlot, moduleChan,
DAQdeviceNumber)

Purpose

Sets up a multiplexed module for a single channel analog input operation to be
performed by the given DAQ device. Sets the module channel, enables the module
output, and routes the modul e output on the SCX1bus if necessary. Resolves any
contention on the SCX1bus by disabling the output of any module that was previously
driving the SCXIbus. Y ou also can use this function to set up to read the temperature
sensor on aterminal block connected to the front connector of the module.

Parameters

Input
Name Type Description

SCXIl chassislD i16 logical ID assigned to the SCXI chassis

moduleSlot i16 chassis slot number

moduleChan i16 channel number of the input channel on the
module

DAQdeviceNumber i16 device number of the DAQ device used to read
the input channel

Parameter Discussion

moduleChan isthe channel number of theinput channel on the module that isto be read.
Range:  0ton-1, where nisthe number of input channels on the module.
-1 Set up to read the temperature sensor on the terminal block connected to the
module if the temperature sensor isin the MTEMP configuration.

DAQdeviceNumber is the device number of the DAQ device that will perform the
analog input. If you will use the SCX1-1200 to perform the analog input, you should
specify the module logical device number.
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SCXI_Track_Hold_Control

Format

status= SCXI_Track_Hold_Control (SCXIchassisl D, moduleSlot, state, DAQdeviceNumber)

Purpose

Controls the track/hold state of an SCX1-1140 module that you have set up for a

single-channel operation.

Note: This function is not supported for the E Series devices.
Parameters
Input
Name Type Description
SCXl chassislD i16 logical ID assigned to the SCXI chassis
moduleSlot i16 chassis slot number
state 116 Track or hold mode
DAQdeviceNumber i16 device number of the DAQ device used to

read the input channel

Parameter Discussion

moduleSlot is the chassis slot number of the SCX1-1140 module you want.
Range: 1to n, where n is the number of slotsin the chassis.

state indicates whether to put the module into track or hold mode.

0: Put the module into track mode.
1: Put the module into hold mode.

DAQdeviceNumber is the device number of the DAQ device that will perform the
channel scanning operation. If you are using the SCX1-1200 to perform the data
acquisition, you should specify the module logical device number.
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SCXI_Track_Hold_Control

Continued

Using This Function

Please refer to the SCXI Application Hints discussion in Chapter 3, Software Overview,
of the NI-DAQ User Manual for PC Compatibles for information about how to use the
SCX1-1140 for single-channel and channel-scanning operations. This function is only
needed for single-channel applications; the scan interval timer controls the track/hold
state of the module during a channel-scanning operation. The NI-DAQ User Manual for

PC Compatibles contains flowchartsfor single-channel operations using the SCX1-1140
and this function.
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SCXI_Track_Hold_Setup

Format

status= SCXI_Track _Hold_Setup (SCXIchassisl D, moduleSlot, inputM ode, sour ce, send,
holdCount, DAQdeviceNumber)

Purpose
Establishes the track/hold behavior of an SCX1-1140 modul e and sets up the module for
either a single-channel operation or an interval-scanning operation.

Parameters
Input
Name Type Description

SCXIl chassisID 116 logical 1D assigned to the SCXI chassis

moduleSlot i16 chassis slot number

inputM ode i16 type of analog input operation

source 116 indicates which signal will control the
track/hold state

send i16 where else to send the signal specified by
source

holdCount i16 number of timesthemoduleisenabled during
aninterval scan before going back into track
mode

DAQdeviceNumber 116 device number of the DAQ device used

Parameter Discussion
inputM ode indicates what type of analog input operation.
0: None; frees any resourcesthat were previously reserved for the module (such
as a DAQ device counter or an SCXIbus trigger line).
1 Single-channel operation.
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SCXI_Track_Hold_Setup

Continued

2: Interval channel-scanning operation (only supported if the
DAQdeviceNumber specified isan MI1O or Al device, Lab-PC-1200,
Lab-PC-1200Al, Lab-PC+, SCX1-1200, or DAQCard-1200).

sour ce indicates what signal controls the track/hold state of the module. If the
inputMode is 0, NI-DAQ ignores this parameter.

0: A counter of the DAQ device that is cabled to the module will be the source
(NI-DAQ will reserve and use Am9513-based device counter 2, an E Series
dedicated DAQ-STC counter, Lab-PC-1200, Lab-PC-1200Al, Lab-PC+,
PCI-1200, or DAQCard-1200 counter B1, DAQCard-700 or LPM device
counter 2 for this purpose). This sourceisonly valid if the moduleis cabled
to aDAQ device.

1:  Anexternal signal connected to the HOLDTRIG pin on the front connector
of the module will control the track/hold state of the module. Thereisa
hardware connection between the HOLDTRIG pin and the counter output of
the DAQ device, so if source = 1 the appropriate counter (listed above) is
driven by the external signal and will be reserved. Keep in mind that if
inputM ode = 2, this external signal will drive the scan interval timer. If you
are using a Lab-PC-1200, Lab-PC-1200Al, Lab-PC+, PCI-1200,
SCX1-1200, DAQCard-1200, DAQCard-700, or LPM device, you must
change the jumper setting on the SCX1-1341 or SCX1-1342 adapter deviceto
prevent the external signal from damaging the timer chip on the DAQ device.

2: NI-DAQ will use asignal routed on an SCXIbus trigger line from another
SCX1-1140 module to control the track/hold state of the module. If you are
using an SCX1-1200 to control the SCX1-1140, you must use this option to
route the trigger signal from the SCX1-1200 on the backplane.

send indicates where else to send the signal specified by source for synchronization
purposes. NI-DAQ also ignores this parameter if the inputModeis 0.

0: Nowhere.

1 Make the sour ce signal drive the DAQ device counter output and the
HOLDTRIG pin on the module front connector (if the sour ceis not already
one of those signals). If you are using a DAQCard-700, DAQCard-1200,
Lab-PC-1200, Lab-PC-1200Al, Lab-PC+, PCI-1200, or LPM device, you
must change the jumper setting on the SCX1-1341 or SCX1-1342 adapter
device to prevent the external signal from damaging the timer chip on the
DAQ device.
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SCXI_Track_Hold_Setup

Continued

2: Make the sour ce signal drive an SCXIbus trigger line so that other
SCX1-1140 modules can useit (if the sour ceis not from the SCXIbus). Only
one SCX1-1140 module can drive that trigger line; an error will occur if you
attempt to configure more than one SCX1-1140 to driveit.

holdCount isthe number of timesthe moduleis enabled by NI-DAQ during an interval
scan before going back into track mode. Each time Slot 0 encounters an entry for the
module in the module scan list, NI-DAQ enables the module, which remains enabled
until the sample count in that module scan list entry expires. If there is only one entry
for the module in the module scan list, holdCount should be 1 (this will almost always
be the case).

Range: 1 to 255.

DAQdeviceNumber isthe device number of the DAQ devicein the PC that will be used
to acquire the data. If the DAQdeviceNumber specified is a Lab-PC-1200,
Lab-PC-1200Al, Lab-PC+, DAQCard-1200, DAQCard-700, or LPM device,

inputM ode 2 is not supported. If you are using the SCX1-1200 to acquire the data, use
the logical device number you assigned to the SCX1-1200 in the configuration utility.

Using This Function
For single channel operations (inputM ode = 1) the module is level-sensitive to the
sour ce signal; that is, when the sour ce signal islow the module is in track mode, and
when the sour ce signal is high the module isin hold mode. If source = 0, you can use
callsto SCXI _Track_Hol d_Cont r ol function to put the module into track or hold
mode by toggling the output of the appropriate counter on the DAQ device. If the
SCX1-1140 you want to read is not cabled to the DAQ device, you will haveto configure
the SCX1-1140 module that is cabled to the DAQ device to send the counter output on
the SCXIbus to the module you want. Then the SCXI _Tr ack_Hol d_Cont r ol call
can put the module you want into track or hold mode. The
SCXI _Track_Hol d_Set up parameters for each module would be:

e For the SCXI-1140 that is cabled to the DAQ device as follows:
inputMode = 1.
source = 0.
send = 2.
e For the SCX1-1140 module to be read:
inputMode = 1.
source = 2.
send = 0.
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SCXI_Track_Hold_Setup

Continued

Using an external sour ce (source = 1) for single channel operations is not normally
useful because NI-DAQ has no way of determining when the module has goneinto hold
mode and it is appropriate to read the channels.

(MI10, Lab-PC-1200, Lab-PC-1200Al, Lab-PC+, PCI-1200, SCX1-1200, and
DAQCard-1200 only) For interval channel scanning operations (inputM ode = 2)
NI-DAQ configures the module to go into hold mode on the rising edge of the source
signal. If source = 0, that will happen when counter 2 on the Am9513-based M10
devices, a dedicated DAQ-STC counter on E Series devices, or counter B1 on the
Lab-PC-1200, Lab-PC-1200Al, Lab-PC+, PCI-1200, SCX1-1200, or DAQCard-1200
pulses at the beginning of each scaninterval; if sour ce = 1, that will happen on therising
edge of the external signal connected to HOLDTRIG on the module front connector. In
the latter case, you should configure the DAQ device for external scan interval timing
(using the DAQ_Conf i g function) so that the external signal will trigger each scan. If
you want to scan more than one SCX1-1140, you can send the sour ce signal from the
module that is receiving it (either from the counter or from HOLDTRIG) to the other
modules over the SCXIbus. Notice that the module that is cabled to the device can
receivethe sour ce signal from the SCXlbus and drive the scan interval timer of the DAQ
device, if you want; or the modul e can use the DAQ device counter output and send the
signal on the SCXIbus, even if that module is not in the module scan list.

For example, you want to scan two SCX1-1140 modules; one of which is cabled to the
DAQ device that is to perform the acquisition. An external signal connected to the
HOLDTRIG pin of the module that is not cabled to the DAQ deviceisto control the
track/hold state of both modules and the scan interval during the acquisition. The
SCXI _Track_Hol d_Set up parameters would be as follows:

e For the SCX1-1140 that is cabled to the DAQ device:
inputMode = 2.
source = 2.
send = 1.

*  For the other SCX1-1140 module to be scanned:
inputMode = 2.
source= 1.
send = 2.

Remember to call the DAQ_Conf i g function to enable external scan interval timing
whenever the sour ce signal of a module will be driving the scan interval counter, asin
the previous example.
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Continued

The module will go back into track mode after n modul e scan list entries for that module
have occurred, where n is the holdCount. Usually, each module is represented in the
module scan list only once, so a holdCount of one is appropriate. However, if an
SCX1-1140 module is represented more than once in the module scan list and you want
the moduleto remain in hold mode until after the last scan list entry for that module, you
will need to set the module holdCount to equal the number of times the moduleis
represented in the module scan list.
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Select_Signal

Format

status = Select_Signal (deviceNumber, signal, sour ce, sour ceSpec)

Purpose

Chooses the source and polarity of asignal that the device uses (E Series and

B54XX Series devices only).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
signal u32 signal for which you want to sel ect the sourceand
polarity
sour ce u32 the source of the signal
sour ceSpec u32 further signal specification (the polarity of the

signal)

Parameter Discussion

Legal ranges for the signal, sour ce, and sour ceSpec parameters are given in terms of
constants that are defined in aheader file. The header file you should use depends on the

language you are using:

e C programmers—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CV1)

*  BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers
should refer to the Programming Language Considerations section in Chapter 1,
Using the NI-DAQ Functions, for more information.)

»  Pascal programmers—NI DAQCNS. PAS

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

Use the signal parameter to specify the signal whose source you want to select. The
following table shows the possible values for signal.
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Select_Signal

Continued

Note: Only the following signals are supported for the DAQArb AT-5411 and
DAQArb PCI-5411 devices:
« ND_OUT_START_TRI GGER
« ND_OUT_UPDATE
e ND_RTSI _CLOCK
e ND_RTSI_O through ND _RTSI_6
e ND _PLL_REF_SOURCE

NI-DAQ FRM for PC Compatibles 2-386 © National Instruments Corporation



Chapter 2 Function Reference

Select_Signal
Continued
Note: The ND_QUT_START_TRI GGER, ND_OUT_UPDATE, and
ND_UPDATE_CLOCK_TI MEBASE values do not apply to the Al E Series
devices.
Group signal Description
Timingand| ND_I N_START_TRI GGER Start trigger for the DAQand SCAN
Control functions
Signals
Used ND_| N_STOP_TRI GGER Stop trigger for the DAQand SCAN
Internally functions
by the .
Onboard ND | N_SCAN _CLOCK_TI MEBASE Scan clock timebase for the SCAN
DAQ_STC functions

ND_I N_CHANNEL_CLOCK_TI MEBASE

Channel clock timebase for the DAQ
and SCAN functions

ND_I N_CONVERT

Convert signal for the Al , DAQand
SCAN functions

ND_I N_SCAN_START

Start scan signal for the SCANfunctions

ND_I N_EXTERNAL_GATE

External gate signal for the DAQand
SCAN functions

ND_QUT_START_TRI GGER

Start trigger for the WeMfunctions

ND_OUT_UPDATE

Update signal for the AOand WFM
functions

ND_OUT_UPDATE_CLOCK_TI MEBASE

Update clock timebase for the WeM
functions

ND_PLL_REF_SOURCE

Phase-locked loop (PLL) reference
clock source for WFMfunctions

ND_OUT_EXTERNAL_GATE

External gate signal for the WFM
functions
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Select_Signal
Continued
Group signal Description

Timingand| ND_I N_START TRI GGER Start trigger for the DAQand SCAN
Control functions
Signals
Used ND_I N_STOP_TRI GGER Stop trigger for the DAQand SCAN
Internally functions
by the -
Onboard ND_| N_SCAN CLOCK_TI MEBASE Scan clock timebase for the SCAN
DAQ_STC functions

ND_I N_CHANNEL_CLOCK_TI MEBASE

Channel clock timebase for the
DAQand SCAN functions

ND_| N_CONVERT

Convert signal for the Al , DAQand
SCAN functions

ND_I N_SCAN_START

Start scan signal for the SCAN
functions

ND_I N_EXTERNAL_GATE

External gate signal for the DAQ
and SCAN functions

ND_OUT_START_TRI GGER

Start trigger for the WeMfunctions

ND_OUT_UPDATE

Update signal for the AOand WFM
functions

ND_OUT_UPDATE_CLOCK_TI MEBASE

Update clock timebase for the WM
functions
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Continued

Group signal Description

1/0 ND_PFI _0 through PFI _9 Signal present at the 1/O connector
Connector pin PFI0 through PFI9.
Pins

ND_GPCTRO_QUTPUT Signal present at the 1/O connector
pin GPCTRO_OUTPUT

ND_GPCTR1_OQUTPUT Signal present at the I/O connector
pin GPCTR1_OUTPUT

ND_FREQ OUT Signal present at the FREQ OUT
output pin on the I/O connector.

RTSI Bus | ND _RTSI _0 through ND_RTSI _6 Signal present at the RTSI bus
Signals trigger line O through 7.

ND_RTSI _CLOCK Enable the device to drive the
RTSI clock line or prevent it from
doing it.

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

Legal values for sour ce and sour ceSpec depend on the sighal and are shown in the
following tables:

signal = ND_I N_START_TRI GGER

source sour ceSpec
ND_PFI _0 through ND_PFI _9 ND_LOWN TO HI GHand ND HI GH TO LOW
ND_RTSI _0 through ND_RTSI _6 ND_LOW TO HI GHand ND_HI GH TO LOW
ND_GPCTRO_QUTPUT ND_LOW TO HI GHand ND_HI GH TO LOW
ND_AUTOVATI C ND_DONT _CARE
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Continued

UseND_I N_START_TRI GGERto initiate a data acquisition sequence. Y ou can use an
external signal or output of general-purpose counter O as a source for this signal, or you
can specify that NI-DAQ generates it (corresponds to source = ND_AUTOVATI C).

If you do not call thisfunction withsignal = ND_| N_START_TRI GGER, NI-DAQ uses
the default values, source = ND_AUTOMATI C and sourceSpec = ND_LOW TO_HI GH.

If you call DAQ_Conf i g with startTrig =1, NI-DAQ calls Sel ect _Si gnal
function with signal = ND_I N_START_TRI GGER, source=ND_PFI _0, and
sourceSpec =ND_HI GH_TO _LOW

If you call DAQ_Conf i g with startTrig =0, NI-DAQ calls Sel ect _Si gnal
function with signal = ND_I N_START_TRI GCGER, source = ND_AUTOMATI C, and
sour ceSpec = ND_DONT_CARE.

signal =ND_I N_STOP_TRI GGER

source sour ceSpec
ND_PFI _0 through ND_PFI _9 ND_LOW TO H GHand ND_H GH TO LOW
ND_RTSI _0 through ND_RTSI _6 ND LOW TO H GHand ND_HI GH TO LOW

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

If you do not call thisfunction with signal = ND_| N_STOP_TRI GGER, NI-DAQ uses
the default values, source = ND_PFI _1 and sourceSpec = ND_HI GH_TO_LOW By
default, ND_|I N_STOP_TRI GGER is not used because the pretriggered mode is
disabled.

If you call DAQ_St opTri gger _Confi g with startTrig =1, NI-DAQ calls

Sel ect _Si gnal function with signal = ND_I N_STOP_TRI GGER, source =
ND_PFI _1, and sourceSpec = ND_HI GH_TO_LOW Therefore, if you want to use
different selection for ND_I N_STOP_TRI GGER, you need to call the

Sel ect _Si gnal function after DAQ_St opTri gger _Confi g.
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signal = ND_| N_EXTERNAL_GATE

Continued

source

sour ceSpec

ND_PFI _0 through ND_PFI _9

ND_PAUSE_ON_HI GHand ND_PAUSE_ON_LOW

ND_RTSI _0 through ND_RTSI _6

ND_PAUSE_ON_HI GHand ND_PAUSE_ON_LOW

ND_NONE

ND_DONT_CARE

UseND_| N_EXTERNAL _GATE for gating the data acquisition. For example, if you call
this function with signal = ND_| N_EXTERNAL _GATE, source=ND_PFI _9, and
sour ceSpec = PAUSE_ON_HI GH, the data acquisition will be paused whenever the
PFI 9 is at the high level. The pausing is performed on a per scan basis, so no scans are

split by the external gate.

If you do not call thisfunction with signal = ND_| N_EXTERNAL _GATE, NI-DAQ uses
the default values, sour ce = ND_NONE and sour ceSpec = ND_DONT_ CARE; therefore,
by default, the data acquisition is not gated.

signal = ND_| N_SCAN_START

source

sour ceSpec

ND_PFI _0 through ND_PFI 9

ND_LOW TO H GHand ND_HI GH_TO_LOW

ND_RTSI _0 through ND_RTSI _6

ND_LOW TO _HI GHand ND_HI GH_TO_LOW

ND_GPCTR0O_OUTPUT

ND_LOW TO HI GHand ND_HI GH_TO_LOW

ND_| NTERNAL_TI MER

ND_LOW TO HI GH

Use this signal for scan timing. Y ou can use a DAQ-STC timer for timing the scans, or
you can use an external signal. Y ou can also use the output of the general-purpose
counter O for scan timing. This can be useful for applications such as Equivalent Time

Sampling (ETS).
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Continued

If you do not call thisfunction with signal = ND_I N_SCAN_START, NI-DAQ usesthe
default values, source = ND_| NTERNAL_TI MER and
sourceSpec=ND_LOW TO_HI GH.

If you call DAQ_Conf i g with extConv =2 or 3, NI-DAQ calls Sel ect _Si gnal
function with signal = ND_I N_SCAN_START, source= ND_PFI _7, and
sourceSpec =ND_HI GH_TO_LOW

If you call DAQ _Conf i g withextConv =0 or 1, NI-DAQ calls Sel ect _Si gnal
function with signal = ND_| N_SCAN_START, source=ND_| NTERNAL_TI MER, and
sourceSpec = ND_LOW TO_HI GH.

signal = ND_| N_CONVERT

source sour ceSpec
ND_PFI _0 through ND_PFI _9 ND_LOW TO H GHand ND_HI GH_TO_LOW
ND_RTSI _0 through ND_RTSI _6 ND_LOW TO H GHand ND_HI GH TO_LOW
ND_GPCTRO_OUTPUT ND_LOW TO H GHand ND HI GH TO LOW
ND_| NTERNAL_TI MER ND_LOW TO H GH

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

If you call the Al _Check function or DAQ_Conf i g with extConv =1 or 3, NI-DAQ
calls Sel ect _Si gnal function with signal = ND_I N_CONVERT,
source=ND_PFI 2, and sourceSpec=ND H GH TO LOW

If you call DAQ_Conf i g with extConv =0 or 2, NI-DAQ calls Sel ect _Si gnal
function with signal = ND_|I N_CONVERT, source = ND_| NTERNAL _TI MER, and
sourceSpec =ND_LOW TO _HI GH.

NI-DAQ FRM for PC Compatibles 2-392 © National Instruments Corporation



Chapter 2 Function Reference

Select_Signal
Continued
signal = ND_| N_SCAN_CLOCK_TI MEBASE
source sour ceSpec
ND_PFI _0 through ND_PFI _9 ND_LOW TO H GHand ND_HI GH_TO_LOW
ND_RTSI _0 through ND_RTSI _6 ND_LOW TO H GHand ND_H GH TO LOW
ND_| NTERNAL_20 MHZ ND LOW TO H GH
ND_| NTERNAL_100_KHZ ND_LOW TO H GH

UseND_|I N_SCAN_CLOCK_TI MEBASE asaninput intothe DAQ-STC scantimer. The
scan timer generates timing by counting the signal at its input, and producing an

I N_START_SCAN signal after the specified number of occurrences of the

ND_I N_SCAN_CLOCK_TI MEBASE signal transitions.

If you do not call this function with signal = ND_| N_SCAN_ CLOCK_TI MEBASE,
NI-DAQ uses the default values, source = ND_| NTERNAL_20_MHZ and
sourceSpec =ND_LOW TO_HI GH.

signal =ND_| N_CHANNEL_CLOCK_TI MEBASE

source sour ceSpec
ND_PFI _0 through ND_PFI _9 ND_LOW TO H GHand ND HI GH TO LOW
ND_RTSI _0 through ND_RTSI _6 ND_LOW TO H GHand ND_HI GH_TO_LOW
ND_I NTERNAL_20_NMHZ ND_LOW TO HI GH
ND_| NTERNAL_100_ KHZ ND LOW TO H GH

Use ND_|I N_CHANNEL _CLOCK_TI MEBASE as an input into the DAQ-STC sample
(channel interval) timer. The sample timer generates timing by counting the signal at its
input, and producing an ND_| N_CONVERT signal after the specified number of
occurrences of the ND_I N_CHANNEL _CLOCK_TI MEBASE signal transitions.
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Continued

If you do not call this function with signal = ND_| N_SCAN_CLOCK_TI MEBASE,
NI-DAQ uses the default values, source = ND_| NTERNAL 20 _MHZ and
sourceSpec = ND_LOW TO_HI GH.

signal = ND_OUT_START_TRI GGER

source sour ceSpec
ND_PFI _0 through ND_PFI _9 ND_LOW TO HI GHand ND_H GH _TO_LOW
ND_RTSI _0 through ND_RTSI _6 ND_LOW TO H GHand ND HI GH TO LOW
ND_ | N_START_TRI GGER ND_LOW TO H GH
ND_AUTOVATI C ND_LOW TO HI GH
ND_| O_CONNECTOR ND_ LOW TO H GH

UseND_QOUT_START_TRI GGERto initiate a waveform generation sequence. Y ou can
use an external signal or the signal used asthe ND_| N_START_TRI GGER, or NI-DAQ
can generate it. Setting source to ND_| N_START_TRI GGER is useful for
synchronizing waveform generation with data acquisition.

By setting sourceto ND_| O_CONNECTOR, you can trigger using asignal on the I/O
connector pin. For finding out which pin on the 1/O connector is the external trigger
input, refer to your 54XX Series User Manual.

If you do not call this function with signal = ND_OUT_START_TRI GGER, NI-DAQ
uses the default values, source = ND_AUTOVATI C and
sourceSpec =ND_LOW TO_HI GH.

signal = ND_OUT_UPDATE

source sour ceSpec
ND_PFI _0 through ND_PFI _9 ND_LOW TO H GHand ND_ HI GH TO LOW
ND_RTSI _0 through ND_RTSI _6 ND_LOW TO H GHand ND_HI GH TO_LOW
ND_GPCTR1_QUTPUT ND_LOW TO H GHand ND_HI GH TO_LOW
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source sour ceSpec
ND_| NTERNAL_TI MER ND_LOW TO H GH
1% Note DAQARB AT-5411 and DAQArb PCI-5411 devices do not have DAQ-STC
on board.

Usethissignal for gating the waveform generation. For example, if you call thisfunction
with signal = ND_OUT_EXTERNAL _GATE, source = ND_PFI _9, and

sour ceSpec = ND_PAUSE_ON_HI GH, the waveform generation will be paused
whenever the PFI 9 is at the high level.

If you do not call this function with signal = ND_OUT_EXTERNAL _GATE, NI-DAQ
uses the default values, source = ND_NONE and sour ceSpec = ND_DONT_ CARE;
therefore, by default, the waveform generation is not gated.

source sour ceSpec
ND_PFI _0 through ND_PFI _9 ND_LOW TO H GHand ND_HI GH_TO_LOW
ND_GPCTR1_OUTPUT ND_LOW TO H GHand ND_HI GH TO_LOW
ND_| NTERNAL_TI MER ND LOW TO H GH

Usethissignal for update timing. Y ou can useaDAQ-STC timer for timing the updates,
or you can use an external signal. Y ou also can use output of the general-purpose
counter 1 for update timing.

If you do not call this function with signal = ND_OUT_UPDATE, NI-DAQ uses the
default values, source = ND_| NTERNAL _TI MER and
sourceSpec = ND_LOW TO_HI GH.

signal = ND_OUT_UPDATE_

source sour ceSpec

ND_PFI _0 through ND_PFI _9 ND_LOW TO H GHand ND_HI GH_TO_LOW
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Continued
source sour ceSpec
ND_RTSI _0 through ND_RTSI _6 ND_LOW TO H GHand ND_HI GH_TO_LOW
ND_I NTERNAL_20_NMHZ ND_LOW TO HI GH
ND_| NTERNAL_100_ KHZ ND LOW TO H GH

Usethissignal as an input into the DAQ-STC update timer. The update timer generates
timing by counting the signal at its input and producing an ND_OUT _UPDATE signal
after the specified number of occurrences of the

ND_OUT_UPDATE_CLOCK_TI MEBASE signal transitions.

If you do not call thisfunction with signal = ND_OUT_UPDATE_CLOCK_TI MEBASE,
NI-DAQ uses the default values, source = ND_| NTERNAL_20_MHZ and
sourceSpec = ND_LOW TO_HI GH.
signal = ND_PFI _0 through ND_PFI _9
The following table summarizes all the signals and source for the I/O connector
pins PFI0 through PFI9.

signal source sour ceSpec
ND_PFI _0 through ND_NONE ND_DONT_CARE
ND PFI_9
ND_PFI _0 ND_I N_START_TRI GGER ND_LOW TO H GH
ND_PFI _1 ND_| N_STOP_TRI GGER ND_LOWN TO HI GH
ND PFI 2 ND_| N_CONVERT ND H GH TO LOW
ND_PFI 3 ND_GPCTR1_SOURCE ND_LOW TO H GH
ND_PFI_4 ND_GPCTR1_GATE ND_POSI TI VE
ND PFI 5 ND_OUT UPDATE ND H GH TO LOW
ND_PFI _6 ND_OUT_START_TRI GGER ND_LOW TO H GH
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Select_Signal
Continued
signal source sour ceSpec

ND_PFI _7 ND_| N_SCAN_START ND_LOW TO HI GH

ND_PFI _7 ND_I N_SCAN_| H PROG ND_LOW TO HI GH

ND PFI _8 ND_GPCTRO_ SOURCE ND LOW TO HI GH

ND _PFI 9 ND_GPCTRO_GATE ND_PCSI TI VE

Use ND_NONE to disable output on the pin.
signal = ND_GPCTRO_QUTPUT
source sour ceSpec

ND_NONE ND_DONT_CARE

ND_GPCTRO_OQUTPUT ND_LOW TO HI GH

ND_RTSI _0 through ND_RTSI _6 ND_LOW TO HI GH

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

When you enable this pin for output, you can program it to output the signal present at
any one of the RTSI bustrigger lines or the general-purpose counter 0 output. The RT S|
selections are useful because they enable you to communicate a signal from the RTSI
bus to the I/O connector.

signal = ND_GPCTRL_OQUTPUT

source sour ceSpec

ND_NONE ND_DONT_CARE

ND_GPCTR1_OUTPUT ND_LOW TO HI GH
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Continued

source

sour ceSpec

ND_RESERVED

ND_DONT_CARE

Use ND_NONE to disable the output on the pin; in other words, do place the pinin high

impedance state.

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

signal = ND_FREQ_OUT

source sour ceSpec
ND_NONE ND_DONT_CARE
ND_| NTERNAL_10_MHZ 1 through 16
ND_| NTERNAL_100_ KHZ 1 through 16

Use ND_NONE to disable the output on the pin; in other words, to place the pinin high

impedance state.

The signal present on the FREQ_OUT pin of the I/0O connector is the divided-down
version of one of thetwo internal timebases. Use sour ceSpec to specify the divide-down

factor.

signal = ND_RTSI _0 through ND_RTSI _6

source

sour ceSpec

ND_NONE

ND_DONT_CARE

ND_I N_START_TRI GGER

ND_LOW TO HI GH

ND_I N_STOP_TRI GGER

ND_LOW TO HI GH
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Continued
source sour ceSpec
ND_| N_CONVERT ND_H GH TO LOW
ND_OUT_UPDATE ND_H GH TO_LOW
ND_OUT START TRl GGER ND LOW TO H GH
ND_GPCTRO_ SOURCE ND_LOW TO HI GH
ND_GPCTRO_GATE ND_POSI TI VE
ND_GPCTRO_OUTPUT ND_DONT_CARE
Note: Thisinformation appliesto E Series devices only.

Y ou can usethe GPCTRO_OUTPUT pin on the I/O connector in two ways—as an output
pin or an input pin. When you configure the pin as an output pin, you can program the
pin to output asignal from a RTSI line or the general-purpose counter 0 output (see
signal = ND_GPCTRO_OUTPUT in this function for details). When you configure the
pin as an input pin, you can attach an external signal to the pin. When signal is one of
the RTSI lines, and source = ND_GPCTRO_OQUTPUT, the signal on the RTSI line will
be the signal present at the GPCTRO_OUTPUT pin on the I/O connector, which is not
always the output of the general -purpose counter O.

Thefollowing table appliesto DAQArb AT-5411 and DAQArb PCI-5411 devicesonly:

source sour ceSpec
ND_NMARKER ND_DONT_CARE
ND_SYNC _QUT ND_ DONT_CARE
ND_OUT_START_TRI GGER ND_DONT_CARE
ND_NONE ND_DONT_CARE

Use ND_NONE to diable the output on the RTSI line.
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Continued

The MARKER output and the SYNC output, which are generated during the waveform
generation, can be routed to any of the RTSI trigger lines. For more details on the
MARKERs and SYNC output, refer to your 54XX Series User Manual. Y ou also can route
the start trigger signal to any of the RTSI trigger lines. This action might be useful to
trigger multiple boards with the same signal at one time.

signal =ND_RTSI _CLOCK

source sour ceSpec

ND_NONE ND_DONT_CARE

ND_BOARD_CLOCK ND_DONT_CARE

Use source = ND_NONE to stop the device from driving the RTSI clock line.

When source = ND_BOARD_CL OCK, this device drives the signal on the RTSI clock
line.

For DAQArb AT-5411 and DAQArb PCI-5411 devices, the board clock isa20 MHz
clock.

signal = ND_BOARD_CLOCK

source sour ceSpec
ND_BOARD_CLOCK ND_DONT_CARE
ND RTSI _CLOCK ND_DONT_CARE

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

Usesource=ND_RTSI _CLOCK to program the deviceto receivethe clock signal from
the RTSI clock line.
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Continued
signal = ND_PLL_REF_SOURCE
source sour ceSpec
ND_RTSI _CLOCK ND_DONT_CARE
ND_| O CONNECTOR ND_DONT_CARE
ND_NONE (default) ND_DONT_CARE

Use ND_NONE for internal calibrated reference.

By using ND_I O_CONNECTOR, you can select an external reference clock to be the
source for the phase-locked loop (PLL), or you can use ND_RTSI _ CLOCK when
running at 20 MHz to be the reference clock source for the PLL. By default, NI-DAQ
selects the internal reference.

Using This Function
If you have selected a signal that is not an 1/O connector pin, pin or aRTSI bus line,
Sel ect _Si gnal savesthe parametersin the configuration tables for future
operations. Functionsthat whichinitiate dataacquisition (DAQ St art ,SCAN_St art
DAQ Op, and SCAN_Op) and waveform generation operations
(WFM_Gr oup_Cont r ol and WFM_Op) use the configuration tables to set the device
circuitry to the correct timing modes.

Y ou do not need to call thisfunction if you are satisfied with the default settings for the
signals.

If you have selected a signal that is an 1/0O connector, connector or a RTSI bus signal,
Sel ect _Si gnal performssignal routing and enables or disables output on a pin.pin
or aRTSl line.

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

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

Sel ect _Si gnal (devi ceNum ND_RTSI _3, ND_IN_START TRI GGER, ND_LOW TO HI GH)
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Continued

Example: Receiving a signal from the RTSI bus on your E Series device

To receiveasignal from the RTSI bus and useit asasignal on your E Series device, set
signal to indicate the appropriate E Series device signal and sour ce to the appropriate
RTSI line. If you want to use low-to-high transitions of the signal present on the RTSI
line 4 as your scan clock, use the following call:

Sel ect _Si gnal (devi ceNum ND_I N_SCAN_START, ND RTSI 4, ND_LOW TO HI GH)
Signal Name Equivalencies. For avariety of reasons, some timing signals are given
different namesin the hardware documentation and the software and its documentation.
The following table lists the equival encies between the two sets of signal hames.

Table 2-19. E Series Signal Name Equivalencies

Hardware Name Software Name
Al-Related Signals | TRIG1 ND_| N_START_TRI GGER

TRIG2 ND | N_STOP_TRI GGER

STARTSCAN ND_| N_SCAN_START

SISOURCE ND_| N_SCAN_CLOCK_TI MEBASE

CONVERT* ND_| N_CONVERT

AIGATE ND_| N_EXTERNAL_GATE

SI2SOURCE ND_| N_CHANNEL_CLOCK_TI MEBASE
AO-Related Signals | WFTRIG ND_OUT_START_TRI GGER

UPDATE* ND_OUT_UPDATE

AOGATE ND_OUT_EXTERNAL_GATE

UISOURCE ND_OUT_UPDATE_CLOCK_TI MEBASE

AO2GATE

UI2SOURCE
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Continued

The VXI-MIO-64E-1 and VXI-M10-64XE-10 devices use the V Xlbus Trigger lines to
implement the RTSI bus synchronization between two or more such boards, The
following table shows the mapping between the RTSI bus line (identifier) and the
corresponding V Xlbus Trigger line:

Table 2-20. RTSI Bus Line and VXlbus Trigger Mapping

RTSI buslineidentifier VXIbusTrigger line
ND RTSI 0 VXIbus TTL Trigger O (TTLTRGO)
ND RTSI 1 VXIbus TTL Trigger 1 (TTLTRG1)
ND RTSI 2 VXlbus TTL Trigger 2 (TTLTRG2)
ND RTSI 3 VXIbus TTL Trigger 3 (TTLTRG3)
ND _RTSI 4 VXIbus TTL Trigger 4 (TTLTRG4)
ND RTSI 5 VXIbus ECL Trigger 0 (ECLTRGO)
ND RTSI 6 VXIbus ECL Trigger 1 (ECLTRG1)
ND_RTSI _CLOCK VXIbus ECL Trigger 0 (ECLTRGO)

1% Note Unpredictable behavior might result if other VXIbus devices

simultaneously use the same VXIbus trigger line that the VXI-MIO
devices are using to synchronize their operations.
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Set_DAQ_Device_Info

Format
status= Set_ DAQ_Device Info (deviceNumber, infoType, infoValue)

Purpose
This function can be used to change the data transfer mode (interrupts and DMA) for
certain classes of data acquisition operations, some settings for an SC-2040
track-and-hold accessory and an SC-2043-SG strain-gauge accessory, as well as the
source for the CLK 1 signal on the DAQCard-700.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
infoType u32 parameter you want to modify
infovValue u32 new value you want to assign to the parameter
specified by infoType

Parameter Discussion
Legal ranges for the infoType and infoValue are given in terms of constants that are
defined in aheader file. The header file you should use depends on the language you are
using:
e C programmers—NI DAQCNS. H (DATAACQ. Hfor LabWindows/CV1)
*  BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers

should refer to the Programming Language Considerations section in Chapter 1,
Using the NI-DAQ Functions, for more information.)

e Pascal programmers—NI DAQCNS. PAS

UseinfoTypeto let NI-DAQ know which parameter you want to change. UseinfoValue
to specify the corresponding new value.

Values that infoType accepts depend on the device you are using. The legal range for
infoValue depends on the device you are using and infoType.
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Set_DAQ_Device_Info

Continued

infoType can be one of the following:

infoType

Description

ND_DATA XFER MODE_Al

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

ND_DATA XFER MODE_AO GRL
ND_DATA XFER MODE_AO GR2

Method NI-DAQ will use for data transfers when
performing the WFMoperations which require
buffers from the PC memory.

ND_DATA_ XFER_MODE_GPCTRO

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

ND_DATA XFER MODE_GPCTRL

Method NI-DAQ will use for data transfers when
buffered GPCTR operations with the general-
purpose counter 1.

ND_DATA XFER MODE_DI O GRL
ND_DATA_XFER_MODE_DI O_GR2
ND_DATA_XFER MODE_DI O_GR3
ND_DATA XFER_MODE_DI O _GR4
ND_DATA XFER_MODE_DI O _GR5
ND_DATA XFER_MODE_DI O_GR6
ND_DATA XFER_MODE_DI O _GR7
ND_DATA_XFER MODE_DI O_GR8

Method NI-DAQ will use for data transfers for the
digital input and output operations with group N
(1to 8).

ND_SC_2040_MODE

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

ND_SC _2043_MODE

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

ND_COUNTER 1_SOURCE

Used to select a source for counter 1 on the
DAQCard-700.
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Continued

infoValue can be one of the following:

infoValue

Description

ND_I NTERRUPTS

NI-DAQ will use interrupts for data transfers.

ND_UP_TO 1_DMA CHANNEL

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

ND_UP_TO 2_DMA_CHANNELS

NI-DAQ will use two DMA channels, if possible;
otherwise, it will use one DMA channdl, if oneis
available; if no DMA channels are available,
NI-DAQwill report an error and it will not perform
the operation.

ND_NO_TRACK_AND_HOLD

Disables use of the track-and-hold circuitry on the
SC-2040.2

ND_TRACK_AND_HOLD

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

ND_NONE

Cancelsthe effectsof having accidentally called the
SC 2040_Conf i g function.

ND_STRAI N_GAUGE

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

ND_STRAI N_GAUGE_EX0

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

ND_NO_STRAI N_GAUGE

Disables the SC-2043-SG accessory.

ND_I NTERNAL_TI MER

Counter 1 will usethe internal timer as the source
for its CLK 1 source.

ND_| O_CONNECTOR

Counter 1 will usethe CLK1 signal from the 1/O
connector as the source for its CLK 1 signal.
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Continued

infoValue Description

1Y ou should use this setting if you want to use the SC-2040 only as a preamplifier,
without using track and hold.
2with ND_NO_TRACK_AND_HOLD.

When NI-DAQ uses DMA channels for data transfers, it must have an interrupt level
available for the device performing the transfers. In this case, NI-DAQ uses interrupts
for DMA controller reprogramming and exception handling.

Using This Function

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

All possible data transfer methods for the devices supported by NI-DAQ are listed
below. If your device is not listed, none of the data transfer modes are applicable. An
asterisk is placed next to the default data transfer mode for each device.

Device Type infoType infoValue

AT-AO-6/10 ND_DATA XFER MODE_AO GRL | ND_|I NTERRUPTS

ND_UP_TO 1_DMA CHANNEL

AT-DIO-32F ND_DATA XFER MODE DI O GRL| ND_UP_TO 1_DMA CHANNEL

ND_UP_TO 2_DMA CHANNELS*

ND_DATA XFER MODE DI O GR2| ND_UP_TO 1 DMVA CHANNEL*

AT-DIO-32HS ND_DATA XFER MODE DI O GRL| ND UP_TO 1 DMA CHANNEL
PCI-DIO-32HS ND_UP_TO 2 DMA CHANNELS*

ND_DATA_XFER _MODE_DI O GR2| ND_UP_TO 1_DMA_CHANNEL*
ND_UP_TO 2 DMA CHANNELS
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Continued

Device Type

infoType

infovValue

AT-MIO-16
AT-MIO-16D

ND_DATA XFER MODE_Al

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA_ CHANNELS*

ND_DATA_XFER MODE_AO

ND_| NTERRUPTS*

AT-MIO-16E-1

ND_DATA XFER_MODE_Al

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL*
ND_UP_TO 2 DMA CHANNELS

ND_DATA XFER MODE_AO GR1

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL*

ND_DATA XFER MODE_GPCTRO

ND_| NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA CHANNELS*

ND_DATA XFER_MODE_GPCTRL

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA_ CHANNELS*

AT-MIO-16E-2
NEC-MIO-16E-4
AT-MIO-64E-3

ND_DATA_XFER MODE_Al

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL*

ND_DATA XFER MODE_AO GRL

ND_| NTERRUPTS
ND UP_TO 1 DMA CHANNEL*

ND_DATA XFER_MODE_GPCTRO

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA_ CHANNELS*

ND_DATA XFER MODE_GPCTRL

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2_DMA_ CHANNELS*
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Continued

Device Type infoType infovValue
PCI-MI10-16E-1 ND_DATA_XFER- MODE_AI ND_I NTERRUPTS
PCI-M10-16E-4 ND_UP_TO 1_DMA_CHANNEL

PCI-MIO-16XE-10
PCI-MIO-16XE-50

ND_DATA_XFER_MODE_AO_
GRL

ND UP_TO 1 DMA CHANNEL

ND_DATA XFER MODE_
GPCTRO

ND_| NTERRUPTS
ND_UP_TO 1_DMA CHANNEL

ND_DATA_XFER_MODE_GPCT
RL

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL

AT-AI-16XE-10
NEC-AI-16E-4
NEC-AI-16XE-50

ND_DATA_XFER MODE_Al

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL*

ND_DATA XFER MODE_GPCTRO

ND_| NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA CHANNELS*

ND_DATA XFER_MODE_GPCTRL

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA_ CHANNELS*

AT-MIO-16F-5
AT-MIO-16X
AT-MIO-64F-5

ND_DATA XFER MODE_Al

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL*
ND_UP_TO 2_DMA CHANNELS

ND_DATA XFER MODE_AO GRL

ND_| NTERRUPTS
ND UP_TO 1 DMA CHANNEL*
ND_UP_TO 2 DMA CHANNELS
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Continued
Device Type infoType infovValue
AT-MIO-16E-10 ND_DATA XFER MCDE_Al ND_| NTERRUPTS

AT-MIO-16DE-10
AT-MIO-16XE-10
AT-MIO-16XE-50
NEC-MIO-16XE-50

ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA_ CHANNELS*

ND_DATA XFER MODE_AO GRL

ND_| NTERRUPTS
ND UP_TO 1_DMA CHANNEL*
ND_UP_TO 2 DMA CHANNELS

ND_DATA XFER_MODE_GPCTRO

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA_ CHANNELS*

ND_DATA XFER MODE_GPCTRL

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL
ND_UP_TO 2 DMA_ CHANNELS*

DAQCard-Al-16E-4
DAQCard-Al-16XE-50

ND_DATA_XFER MODE_Al

ND_I NTERRUPTS

ND_DATA XFER_MODE_GPCTRO

ND_I NTERRUPTS

ND_DATA XFER MODE_GPCTRL

ND_| NTERRUPTS

DAQPad-MI0-16X E-50

ND_DATA_XFER MODE_Al

ND_I NTERRUPTS

ND_DATA XFER MODE_AO GR1

ND_I NTERRUPTS*

ND_DATA_XFER_MODE_GPCTRO

ND_| NTERRUPTS

ND_DATA XFER MODE_GPCTRL

ND_I NTERRUPTS

516 devices
DAQCard-500/700

ND_DATA XFER_MODE_Al

ND_I NTERRUPTS*
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Continued

Device Type infoType infovValue
LPM devices ND_DATA XFER MCDE_Al ND_| NTERRUPTS*
Lab-PC+ ND_DATA XFER_MODE_Al ND_I NTERRUPTS
Lab-PC-1200 ND_UP_TO 1_DMA CHANNEL*

PCI-1200 (Rev. D and
later)

ND_DATA XFER MODE_AO GRL

ND_| NTERRUPTS*

DAQCard-1200

ND_DATA XFER MODE_Al

ND_I NTERRUPTS*

DAQPad-1200
PCI-1200 (Rev. C and ND_DATA_XFER_MODE_AO_GR1 ND_I NTERRUPTS*
earlier)
SCX1-1200
Lab-PC-1200Al ND- DATA_XFER_MODE_AI ND_| NTERRUPTS
ND_UP_TO 1_DMA_CHANNEL*
VXI-MIO-64E-1 ND_DATA XFER_MODE_Al ND_| NTERRUPTS

VXI-MIO-64XE-10

ND_UP_TO 1_DMA CHANNEL

ND_DATA XFER MODE_AO GRL

ND_| NTERRUPTS
ND_UP_TO 1 DMA CHANNEL

ND_DATA XFER MODE_GPCTRO

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL

ND_DATA XFER MODE_GPCTRL

ND_I NTERRUPTS
ND_UP_TO 1_DMA CHANNEL

NI-DAQ usesinterrupts and DMA channelsfor datatransfers. The DMA datatransfers
are typically faster, so you might want to take advantage of them. Remember that the
datatransfer modesND_UP_TO 1 DMA CHANNEL and

ND_UP_TO 2_DMA_CHANNELS do not reserve the DMA channel or channels for a
particular operation; they just authorize NI-DAQ to use them, if they are available.
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Continued

(AT-MIO-16, AT-MIO-16D, AT-MIO-16F-5, AT-MI0O-16X, AT-MI0O-64F-5 only) If
you are performing high-speed analog input, you can increase your performance by
setting ND_DATA XFER_MODE_AI toND_UP_TO 2 DMA_ CHANNELS. Using two
DMA channels, these devices are able to chain across buffer boundaries caused by page
breaks on AT-compatible computers or by buffer fragmentation caused by mapping
virtual into physical memory. Notice that EISA computers provide their own DMA
chaining mechanism and a single DMA channel is all that is necessary on these
machines.

(AT-MIO-16F-5, AT-MIO-16X, AT-MI10-64F-5 only) If you want to use separate DMA
channels for each of the analog output channels, you have to set
ND_DATA XFER MODE_AOtoND _UP_TO 2 DMA CHANNELS and
ND_DATA_XFER MODE_AI to ND_| NTERRUPTS.

(AT-DIO-32F only) If you are performing high-speed digital input or output for group 1,

setting ND_DATA XFER_MODE DI O GR1 toND_UP_TO 2 DMA CHANNELS
makes both DM A channels available and can increase your performance.
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Timeout_Config

Format

status = Timeout_Config (deviceNumber, timeout)

Purpose

Establishes atimeout limit that is used by the synchronous functions to ensure that these
functions will eventually return control to your application. Examples of synchronous
functions are DAQ_Op, DAQ DB Tr ansfer and WFM f r om Di sk.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
timeout i32 number of timer ticks

Parameter Discussion

timeout isthe number of timer ticks. The duration of atick is55 ms (0.055 s), and there

are approximately 18 ticks/s.
-1 Wait indefinitely (timeout disabled).

0to2%: Wait timeout » 0.055 s before returning.

Using This Function

The synchronous functions do not return control to your application until they have
accomplished their task. If you have indicated alarge amount of data and/or a slow
acquisition or generation rate, you might want to terminate the function prematurely,
short of restarting your computer. By calling Ti mneout _Conf i g before calling the
synchronous function, you can set an upper bound on the amount of time the
synchronous function will take before returning. If the synchronous function returnsthe
error code timeOutError, you know that the number of ticks indicated in the timeout
parameter have elapsed and the synchronous function has returned because of the

timeout.
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The following is alist of the synchronous functions:

DI G DB _Transfer
DAQ DB _Transf er
Lab_I SCAN_Op
WFM DB _Tr ansf er
DAQ_Op

Lab_I SCAN to_Di sk
WFM from Di sk
DAQ t o_Di sk
SCAN_Op

WFM_Op

SCAN t o_Di sk
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WEM_Chan_Control

Format
status= WFM_Chan_Control (deviceNumber, chan, operation)

Purpose
Temporarily halts or restarts waveform generation for a single analog output channel.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 analog output channel
operation i16 pause or resume

Parameter Discussion

chan is the analog output channel to be paused or restarted.
Range: 0 or 1 for most devices.

0 through 5 for AT-AO-6.

0 through 9 for AT-AO-10.

oper ation selects the operation to be performed on the output channel.

operation = 2 (PAUSE): Temporarily halts waveform generation for the output
channel. The last voltage available on the anal og output
channel is maintained indefinitely.

operation = 4 (RESUME): Restarts waveform generation for the output channel
previously halted by operation = PAUSE.

Using This Function

When you have halted awaveform generation has been halted by executing PAUSE, the

RESUME operation restarts the waveform exactly at the point in your buffer where it
left off.
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(AT-AO-6/10, AT-MI0O-16X, and AT-MI10-64F-5 only) Y ou can use the PAUSE and
RESUME operations on group 1 output channels only if at least one of the following
conditionsis true:

e Group 1 consists of a single output channel.
e Group 1isusing interrupts instead of DMA.

(MIO E Series, AT-AO-6/10, AT-MIO-16X, and AT-MI10-64F-5 only) You will see a
FIFO lag effect when you pause or resume group 1 channels. When you execute PAUSE
for agroup 1 channel, the effective pause will not occur until the FIFO has finished
writing all of the dataremaining in the FIFO for the specified channel. The sameistrue
for the RESUME operation on a group 1 channel. NI-DAQ cannot place data for the
specified channel into the FIFO until the FIFO hasemptied. Refer to the FIFO Lag Effect
on the MIO E Series, AT-AO-6/10, AT-MI0O-16X, and AT-MIO-64F-5 section of
Chapter 3, Software Overview, of the NI-DAQ User Manual for PC Compatiblesfor a
more detailed discussion.
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Format
status= WFM_Check (deviceNumber, chan, wimStopped, iter sDone, pointsDone)

Purpose
Returns status information concerning a waveform generation operation.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
chan i16 number of the analog output channel
Output
Name Type Description
wfmStopped i16 whether the waveform is still in progress
itersDone u32 number of buffer iterations completed
pointsDone u32 number of points written for the current buffer
iteration

Parameter Discussion
chan is the number of the analog output channel performing the waveform generation
operation.
Range: 0O or 1for most devices.
0 through 5 for AT-AO-6.
0 through 9 for AT-AO-10.
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wfmStopped isaflag whose value indicates whether the waveform generation operation
isstill in progress. If the number of iterations indicated in the last WWM _Load call isO,
the status is always 0.

0: Ongoing operation.

1 Compl ete operation.

iter sDone returns the number of buffer iterations that have been completed.

pointsDonereturns the number of pointswritten to the anal og output channels specified
in chan for the current buffer iteration. For devices that have analog output FIFOs,
pointsDonereturns the number of pointswritten to the FIFO if chan belongsto group 1.
Refer to the following Using This Function section for more information.

Range: 0to count - 1, where count isthe parameter used in the last WM _Load call.

Note: C Programmers—wfmStopped, itersDone, and pointsDone are
pass-by-reference parameters.

Using This Function

WEM_Check returns status information concerning the progress of a waveform
generation operation. It is useful in determining when an operation has completed and
when you can initiate a new operation.

WFM_Check may return anincorrect under FlowError after awaveform hasfinished if
NI-DAQ loaded the waveform with an iterations parameter that is greater than zero. This
occurs when the update interval is relatively small compared to the speed of your
computer. For example, using an AT-MI0-16F-5 and DMA on a386 20 MHz AT
machine with a Cl of 23.0, WFM_Check returned an incorrect under FlowError when
awaveform with an update interval of 10 us or less finished with itsiterations. In
general, if a continuous waveform is error free at a given update interval on your
computer, a terminating waveform will also be error free. So, you should be able to
ignore a under FlowError returned by WFM_Check when the function returns the
wfmStopped parameter with avalue of 1.

A FIFO lag effect is seen for group 1 channels on devices with analog output FIFOs.
pointsDone and iter sDone indicate the number of buffer points currently written to the
FIFO. Thereis atime lag from the point when the data is written to the FIFO to when
the data is output to the DACs. Thistime lag is dependent upon the update rate. For
example, if you had a buffer of 50 points that you wanted to send to anal og output
channel 0, thefirst call to WWM_Check would have iter sdone = 20. The FIFO would be
filled up with 20 cycles of your 50-point buffer. Refer to the FIFO Lag Effect onthe MIO
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E Series, AT-AO-6/10, AT-MIO-16X, and AT-MIO-64F-5 section of Chapter 3, Software
Overview, of the NI-DAQ User Manual for PC Compatibles for a more detailed
discussion. wfmsStopped is also affected by the FIFO lag, since wfmStopped indicates
when the last point is written to the FIFO.

(AT-MI10-16X, MIO E Series devices, AT-MIO-64F-5, and AT-AO-6/10
only) If you use FIFO mode waveform generation, pointsDone is always
0. If the generation is continuous (including pulsed waveform
generation), the parameters wfmStopped and itersDone are always 0O;
otherwise wfmStopped and itersDone indicate the status of waveform

generation operation.

ey Note:
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Format
status= WFM_ClockRate (deviceNumber, group, whichclock, timebase, interval, mode)

Purpose
Sets an update rate and a delay rate for a group of analog output channels.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
group i16 group of analog output channels
whichclock i16 the update or delay clock
timebase 116 resolution
interval u32 timebase divisor
mode i16 enablesthe delay clock

Parameter Discussion
group isthe group of analog output channels (see WFM_Gr oup_Set up).
Range: 1 for most devices.
1 or 2 for the AT-AO-6/10.

whichclock indicates the type of clock:
0: The update clock (default).
1 The delay clock.
2: The delay clock prescalar 1 (MIO E Series devices only).
3: The delay clock prescalar 2 (MIO E Series devices only).

Notice that you can program the delay clock only on the AT-MIO-16X, AT-MIO-64F-5,
and M1O E Series devices.
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timebaseisthetimebase, or resolution, NI-DAQ usesin determining interval. timebase

has the foll

-3:
-1:

0:

10:

owing possible values:

40MHz clock used as atimebase (25ns) (DAQArb AT-5411 and

DAQArb PCI-5411 only).

20 MHz clock used as a timebase (50 ns) (M1O E Series only).

5 MHz clock used as timebase (200 ns resolution) (AT-MIO-16F-5,
AT-MIO-64F-5, and AT-MIO-16X only)

If whichclock is equal to 0, the external clock is connected to OUT2 on the
MIO-16 and AT-MI10-16D; to EXTDACUPDATE* on the AT-MI0O-16F-5,
AT-MIO-64F-5, and AT-MI0-16X; to EXTUPDATE on the AT-AO-6/10
and Lab and 1200 Series analog output devices, or to a pin chosen through
theSel ect _Si gnal function onan MIO E Seriesdevice (default is PFI5).
If whichclock isequal to 1, the external clock is connected to OUT2 on -the
AT-MIO-16X and AT-MI0O-64F-5.

1 MHz clock used astimebase (1 psresolution) (Am9513-based M10O devices
only).

100 kHz clock used as timebase (10 ps resol ution).

10 kHz clock used as timebase (100 ps resolution) (Am9513-based devices

only).
1 kHz clock used as timebase (1 ms resolution) (Am9513-based devices

only).
100 Hz clock used as timebase (10 ms resolution) (Am9513-based devices

only).

SOURCEZ1 used as timebase (Am9513-based M10 devices only).
SOURCEZ2 used as timebase (Am9513-based M10 devices only).
SOURCES3 used as timebase (Am9513-based M10 devices only).
SOURCEA4 used as timebase (Am9513-based M10 devices only).
SOURCES used as timebase (Am9513-based M10 devices only).
External timebase (MI1O E Series devices only).

Connect your external timebase to PFI5, by default, or use the
Sel ect _Si gnhal function to specify a different source.

On the M10-16/16D, timebase = 0 sets counter 2 to the high-impedance state, allowing
its output level to be externally driven by asignal connected to the OUT2 pin onthel/O

connector.

On the Lab and 1200 Series analog output devices, timebase = 0 allows the

signal applied to the EXTUPDATE pin on the I/O connector to control the DAC update.
On the AT-A0O-6/10, timebase = 0 allows the signal applied to the EXTDACUPDATE
from the 1/0O connector or RTSI busto control the DAC update. On the AT-MIO-16F-5,
AT-MIO-64F-5, and AT-MI0-16X, timebase = 0 allows the signal applied to the
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EXTDACUPDATE pin on the I/O connector to control the DAC update. Whenever an
active low pulse is detected on one of these pins, the DACs in the group are updated.
When timebase = 0, the value of interval isirrelevant. timebase = 1 through 5 selects
one of the five available internal clock signals to be used in determining the update
interval.

interval indicates the number of timebase units. If whichclock is O, interval indicates
the number of timebase units of time that elapse between voltage updates at the anal og
output channels in the group. If whichclock is 1, interval indicates the number of
timebase units of time that elapse after reaching the last point in DAC FIFO before the
next cycle begins. If whichclock is 2, interval indicates delay interval prescalar 1. If
whichclock is 3, interval indicates delay interval prescalar 2.
Range: 2 through 65,535 for the MIO devices and DAQArb AT-5411 and
DAQATrb PCI-5411 devices, except for MIO E Series devices.
2 through 16,777,216 for M10O E Series devices.

The only internal timebases available on the M10O E Series devices are 20 MHz and
100 kHz. If you use atimebase other than -3 or 2 for these devices, NI-DAQ performs
the appropriate scaling, if possible.

Note: If you are using an SCXI-1200 with remote SCXI, the maximum rate will
depend on the baud rate setting and updateRate. Refer to the SCXI-1200
User Manual for more details.

mode depends on the whichclock parameter.

Range: 0, 1, or 2 for MIO E Series devices.
0 or 1 for the AT-MIO-16X and AT-MI0O-64F-5.
0 for all other devices.

whichclock = 0:

When whichclock is 0 (update clock), mode should be O for all other devices except for
MIO E Series devices. For these devices, mode is used to indicate the time of change of
update rate, when awaveform is already in progress. If no waveformisin progress,
modeisignored. Set argument mode to O to indicate that you wish to change the update
rateimmediately. Set argument modeto 2 to indicate that you wish to change the update
rate at the end of the current buffer. For M1O E Series devices you cannot change the
update rate when using FIFO pulsed waveform generation and waveform is already in
progress.
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whichclock = 1:

When whichclock is 1 (delay clock), mode indicates whether delay clock should be
enabled or disabled. When modeis 1, NI-DAQ will enable the delay clock. If you want
to use FIFO pulse-waveform generation, you must set mode to 1. Notice that, if you
enable delay clock, you must load finite iterations. If you load infinite iterations,
NI-DAQ returns error code fifoModeError.

whichclock = 2:
mode isignored in this case.

whichclock = 3:
Mode isignored in this case.

If any of these conditionsis not met, NI-DAQ will return updateRateChangeError.

Using This Function

Y ou can cal cul ate the actual update rate in seconds from the timebase resol ution selected
by timebase and interval, as shown by the following example.

Suppose that timebase equals 2. On an M10O device, this value selects the 100 kHz

internal clock signal, which provides counter 2 with arising edge to count every 10 ps,
thus selecting the 10 ps resolution. On Lab and 1200 Series anal og output devices, if the
total update interval given by (timebase resolution) » interval is greater than 65,535 s,
it programs counter BO (if it is not busy in a data acquisition or a counting operation) to
produce a clock of 100 kHz, which is used by the counter producing the update interval.

Also suppose that interval equals 25. This value indicates that counter 2 must count 25
rising edges of its input clock signal before issuing a request to produce a new voltage
at the analog output channels.

The actual update rate in seconds is then 25 = 10 us = 250 ps. Thus, a new voltage is
produced at the output channels every 250 pis.

The frequency of awaveform is related to the update rate and the number of pointsin
the buffer (indicated in an earlier call to WFM_Load) as follows:

frequency = 1/(update rate * pointsin the buffer)
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Y ou can make repeated calls to WFM_Cl ockRat e to change the update rate of a
waveform in progress. For MIO E Series devices, you can change the update interval
immediately or at the end of current buffer. You cannot change the internal timebase
already being used by the device, only the interval, and the following conditions must
be met:

» whichclock isO.
* You are not using FIFO pulsed waveform generation.

« Thetimebase has the value it had when you called this function before starting the
waveform generation.

» At least one update was performed using the previously selected update interval if
you want to change the interval immediately; that is, when mode = 0.

If any of these conditionsis not met, NI-DAQ will return updateRateChangeError.

To perform FIFO pulse waveform generation on an MIO E Series device, you must use
the same timebase for update and delay clock. Y ou must specify the delay time as the
product of four numbers:

delay time = timebase period * delay interval * delay interval prescalar 1 * delay
interval prescalar 2.

In thisformula,

e Timebase period is a single period corresponding to the selected timebase (for
example, 50 ns when the 20 MHz clock is used)

» Delay interval corresponds to the interval argument in this function when
whichclock = 1.

» Delay interval prescalar 1 corresponds to the interval argument you use in this
function when whichclock = 2. If you do not call this function with
whichclock = 2, thisinterval will be 1.

e Delay interval prescalar 2 corresponds to the interval argument you use in this
function when whichclock = 3. If you do not call this function with
whichclock = 3, thisinterval will be 2.

When whichclock = 2, NI-DAQ will ignore timebase and mode arguments. L egal range
for delay interval prescalar 1is 1 through 224,

When whichclock = 3, NI-DAQ will ignore timebase and mode arguments. L egal range
for delay interval prescalar 2 is 2 through 224,
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Example:

L et us compute the delay time after the following sequence of function calls:
WFM_Cl ockRat e( devi ceNunber, group, 0, -3, 1000, 0)
WFM _Cl ockRat e( devi ceNunmber, group, 1, -3, 4000, 1)
WFM _Cl ockRat e(devi ceNunmber, group, 2, -3, 7000, 1)

In this case, timebase period is 50 ns, delay interval is 4000, delay interval prescalar 1
is 7000, delay interval prescalar 2 is 2, so the delay time is
50 ns« 4000 « 7000 « 2 = 2,800,000,000 ns= 2.8 s.

Notice that the maximum possible delay time with the 20 MHz internal timebase is
50 NS« 224« 224+ 224 = 7 5 million years.
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Format

status=WFM_DB_Config (deviceNumber, numChans, chanVect, dbM ode, oldDataStop
partial Transfer Stop)

Purpose
Enables and disables the double-buffered mode of waveform generation.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
numChans i16 number of analog output channels
chanVect [i16] channel numbers
dbMode i16 enables or disables the double-buffered mode
oldDataStop i16 alow or disallow regeneration of data
partialTransfer Stop i16 whether to stop when a partial half buffer is
transferred

Parameter Discussion
numChans indicates the number of analog output channels specified in the array
chanVect.
Range: 1 or 2 for most devices.
1 through 6 for AT-AO-6.
1 through 10 for AT-AO-10.

chanVect is the user array of channel numbers.
Channel number range:

0 or 1 for most devices.

0 through 5 for AT-AO-6.

0 through 9 for AT-AO-10.
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dbMode is aflag whose value either enables or disables the double-buffered mode of
waveform generation.

0: Double-buffered mode disabled.

1 Double-buffered mode enabled.

oldDataStop isaflag whose val ue enabl es or disables the mechanism whereby NI-DAQ
stops the waveform generation when NI-DAQ it is about to generate old data (data that
has already been generated) a second time. Setting oldDataStop to 1 ensures seamless
double-buffered waveform generation.

0:  Allow regeneration of data.

1: Disallow regeneration of data.

partial Transfer Stop is aflag indicating whether to stop waveform generation when
NI-DAQ transfers a partial half buffer to the analog output buffer using a
WEM DB _Tr ansf er call. NI-DAQ will stop the waveform once NI-DAQ has output
the partial half buffer.

0:  Allow partial half buffer transfers.

1 Stop waveform generation after partial half buffer transfers.

Using This Function
Use WFM DB_Conf i g to turn double-buffered waveform generation on and off. With
the double-buffered mode enabled, you can use WFM_DB_Tr ansf er to transfer new
datainto the waveform buffer (selected by WFM_Load) as NI-DAQ generates the
waveform. Because of the extra bookkeeping involved, unless you are going to use
WFM _DB_Tr ansf er, you should leave double buffering disabled. Refer to Chapter 5,
NI-DAQ Double Buffering, of the NI-DAQ User Manual for PC Compatibles for a
detailed discussion of double buffering.

If you are using DMA, enabling partial Transfer Stop (or oldDataStop) will cause an
artificial split in the waveform buffer, which requires DMA reprogramming at the end
of each half buffer. Therefore, you should only enable these options if necessary.

(AT-AO-6/10 only) For double-buffered waveform generation with group 1 channels
using DMA: If oldDataStop is enabled, partial half buffer transfers (using
WFM _DB_Tr ansf er calls) are only allowed if partial Transfer Stop is enabled.

For double-buffered waveform generation with group 1: The total number of pointsfor
all the group 1 channels (specified in WFM_Load) should be at |east twice the size of the
FIFO. Refer to the AT-AO-6/10 User Manual for information on the AT-AO-6/10 FIFO
size.
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(AT-MIO-16F-5 only) When using the double-buffered waveform generation and
oldDataStop mode is enabled, the driver can alter bit 15 of the data pointsin the
waveform buffer.
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Format

status= WFM_DB_HalfReady (deviceNumber, numChans, chanVect, halfReady)

Purpose

Checks if the next half buffer for one or more channelsis available for new data during
adouble-buffered waveform generation operation. Y ou can use WFM _DB_Hal f Ready
to avoid the waiting period that can occur with the double-buffered transfer functions.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
numChans i16 number of analog output channels
chanVect [i16] channel numbers
Output
Name Type Description
halfReady i16 whether the next half buffer is available for new
data

Parameter Discussion

numcChans indicates the number of analog output channels specified in the array

chanVect.

chanVect isthe user array of channel numbersindicating which anal og output channels
are to be checked to see if the next half buffer for that channel is available.

Channel number range:
0 or 1 for most devices.
0 through 5 for AT-AO-6.

0 through 9 for AT-AO-10.
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IOy

halfReady indicates whether the next half buffer for all of the channels specified in
chanVect is available for new data. When halfReady equals 1, you can use

WEM DB_Tr ansf er to write new data to the next half buffer(s) immediately. When
halfReady equals 0, the next half buffer for one or more channelsis not ready for new
data.

Note: C Programmers—halfReady is a pass-by-reference parameter.

Using This Function

Double-buffered waveform generation functions cyclically output data from the
waveform buffer (specified in WFM_Load). The waveform buffer is divided into two
equal halves so that NI-DAQ can write data from one half of the buffer to the output
channelswhilefilling the other half of the buffer with new data. This mechanism makes
it necessary to write to both halves of the waveform buffer alternately so that NI-DAQ
does not output the old data. Use WFM DB_Tr ansf er to transfer new datato a
waveform buffer half. Both of these functions, when called, wait until NI-DAQ can
complete the data transfer before returning. During slower paced waveform generation
operations, this waiting period can be significant. Y ou can use

WFM_DB_Hal f Ready to call the transfer functions only when NI-DAQ can make the
transfer immediately.

Refer to the Double-Buffered Waveform Generation Applications section, in Chapter 5
of the NI-DAQ User Manual for PC Compatibles, for an explanation of double
buffering.
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Format
status=WFM_DB_Transfer (deviceNumber, numChans, chanVect, buffer, count)

Purpose

Transfers new data into one or more waveform buffers (selected in WFM_Load) as
waveform generation isin progress. WFM_DB_Tr ansf er will wait until NI-DAQ can
transfer the data from the buffer to the waveform buffer(s).

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
numChans i16 number of analog output channels
chanVect [i16] channel numbers
count u32 number of new data points
Output
Name Type Description
buffer [i16] new datathat isto be transferred

Parameter Discussion
numChans indicates the number of analog output channels specified in the array
chanVect.
Range: 1 or 2 for most devices.
1 through 6 for AT-AO-6.
1 through 10 for AT-AO-10.

chanVect isthe array of channel numbers indicating which analog output channels are
to receive new data from the buffer.
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Channel number range:
0 or 1 for most devices.
0 through 5 for AT-AO-6.
0 through 9 for AT-AO-10.

buffer isthe array of new data that is to be transferred into the waveform buffer(s).
WFM_DB_Tr ansf er can transfer new data to more than one waveform buffer. For
example, if two channels use separate waveform buffers (you called WFM_Load once
for each channel), you can use asingle call to WFM DB_Tr ansf er to transfer datato
both waveform buffers. If numChansis greater than 1, the data in the buffer must be
interleaved and data for each channel must follow the order given in chanVect.

count holds the number of new data points contained in buffer. When you make
repeated calls to WFM_DB_Tr ansf er during awaveform generation, it is most
efficient if the amount of data transferred for each channel is equal to one-half the
number of data points for the channel in the channel channel's waveform buffer. For
example, suppose channel 0 is using a waveform buffer of size 100 and channel 1 are
each is using awaveform buffer of size 100. WWM_DB_Tr ansf er should transfer 50
to channel 0 and 50 to channel 1, giving count avalue of 100. If NI-DAQ makes
transfers to more than one waveform buffer, it is most efficient if all the waveform
buffers contain the same number of samples for each channel.

(AT-AO-6/10 only) For group 1 channels using DMA, if you enable oldDataStop,
transfers of lessthan half the number of samplesin the circular waveform buffer are only
allowed if you enable partial Transfer Stop.

Using This Function

Use WFM DB_Tr ansf er to transfer new data into one or more waveform buffers as
waveform generation isin progress. The double-buffered mode, with oldDataStop set
to 1, ensures that NI-DAQ generates each data point for a specified output channel
exactly once. If partial Transfer Stop is enabled, atransfer of less than half of the
waveform buffer size of achannel will stop the waveform generation once NI-DAQ has
output the partial half buffer.

(AT-MIO-16F-5 only) If the waveform buffer that you used in calling WFM_Load was
aligned by calling Al i gn_DMA_Buf f er, WFM_DB_Tr ansf er automatically
indexes to the correct starting index in the waveform buffer, if necessary. Y ou need not
align the buffer used in the WFM _DB_Tr ansf er call.
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Format

status= WFM_from_Disk (deviceNumber, numChans, chanVect, fileName, startPt, endPt,
iterations, rate)

Purpose
Assignsadisk fileto one or more analog output channels, selectsthe rate and the number
of times the data in the file is to be generated, and starts the generation.
WEM _f r om_Di sk always waits for completion before returning, unless you call
Ti meout _Confi g.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
numChans i16 number of analog output channels
chanVect [i16] channel numbers
fileName STR name of the data file containing the waveform
data
startPt u32 place in afile where waveform generation isto
begin
endPt u32 place in afile where waveform generation is to
end
iterations u32 number of times generated
rate f64 desired rate in points per second

Parameter Discussion

numChans indicates the number of analog output channels specified in the array
chanVect.
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chanVect isthe array of channel numbers indicating which analog output channels are
to receive output data from the file.
Channel number range:

0 or 1 for most devices.

0 through 5 for AT-AO-6.

0 through 9 for AT-AO-10.

fileName is the name of the data file containing the waveform data. For M10 devices
(except AT-MI0O-16X, PCI-MI0O-16XE-10, and V X1-M10-64XE-10), AT-AO-6/10, and
Lab and 1200 Series analog output devices, the file must contain integer data ranging
from 0 to 4,095 for unipolar mode and from -2,048 to 2,047 for bipolar mode. For an
AT-MIO-16X or a PCI-MI0-16XE-10, the file must contain integer data ranging from
0 to 65,535 for unipolar mode, and from -32,768 to +32,767 for bipolar mode.

startPt isthe place in afile where waveform generation is to begin.
Range: 1 through the number of samplesin the file.

endPt isthe placein afile where waveform generation isto end. A value of O for endPt
has a special meaning. When endPt equals 0, waveform generation will proceed to the
end of the file and wrap around to startPt if iterationsis greater than 1.

Range: 1 through the number of samplesin thefile.

iterationsisthe number of times the datain the file is generated.
Range:  1through2%2- 1.

rateis the rate of waveform generation you want in points per second (pts/s). A value
of 0.0 for rate means that external update pulses (applied to OUT2 for the MIO-16 and
AT-MIO-16D, to EXTDACUPDATE for the AT-MI0-16F-5, AT-MI0-64F-5, and
AT-MIO-16X, and to EXTUPDATE for the AT-AO-6/10 and Lab and 1200 Series
anal og output devices) will determine the waveform generation rate. If you are using an
MIO E Series device, see the Sel ect _Si gnal function for information about the
external timing signals.
Range: 0.0 for external update or approximately 0.0015 to 500,000 pts/s. Y our
maximum rate depends on your device type and your computer system.

If the number of points that represent one cycle of the waveform equals count, the
frequency of the generated waveform isrelated to therate by thisthefollowing formula:

frequency = (rate/count) cycles/s
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Using This Function
WFM_f rom _Di sk initiates awaveform generation operation. NI-DAQ writes the
portion of datain the file determined by startPt and endPt to the specified anal og output
channels at arate as close to the rate you want as the hardware permits (see WFM_Rat e
for further explanation). If numChansis greater than one, NI-DAQ writes the data
values from file to the DAC in ascending order. WFM f r om_Di sk always waits until
the requested number of file iterations is complete before returning.

If you have changed the analog output configuration from the defaults by changing the
jumpers on the device, you must call AO_Conf i gur e to set the software copies of the
settings prior to calling WFM_f r om_Di sk.

NI-DAQ ignores the group settings made by calling WFM_Gr oup__Set up when you
cal WFM from Di sk. WFM from Di sk and the settings are not changed after you
execute WFM fr om Di sk.

1% Note For the MIO-16 and AT-M10-16D, counter 2 must be available in order
to use waveform generation. | f an interval scan isin progress (see
SCAN_St ar t ) or aCTRfunction isusing counter 2, waveform generation
cannot proceed.

For the AT-MI10-16F-5, AT-MI0-64F-5, and AT-MI0O-16X, you can use counters 1, 2,
and 5, aswell as adedicated external update signal, to generate either interruptsor DMA
requests. If you use counter 1 or 2, aRTSI line must also be available. NI-DAQ usesthe
first available counter among counters 5, 2, and 1, in that order.

For Lab and 1200 Series anal og output devices, if therateis smaller than 15.26 pts/sand
counter BO is busy in a data acquisition or counting operation, waveform generation
cannot proceed.

On Am9513-based MI10O devices, if you want to externally trigger a waveform
generation operation, you can do so by first changing the gating mode of the counter
NI-DAQ will use.

WEM f r om Di sk will use either the default gating mode (none) or the gating mode
you specify through the CTR_Conf i g function. Y ou will need to connect your trigger
signal to the gate pin on the 1/O connector. Refer to the CTR_Conf i g function
description for details.
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Onavariety of M0 E Series devices, you can externally trigger awaveform generation
in avariety of ways. Refer to the Sel ect _Si gnal function for more details.
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Format

status = WFM_Group_Control (deviceNumber, group, oper ation)

Purpose

Controls waveform generation for a group of analog output channels.

Parameters
Input
Name Type Description
deviceNumber i16 assigned by configuration utility
group i16 group of analog output channels
operation i16 operation to be performed

Parameter Discussion

group isthe group of analog output channels (see WFM_Gr oup_Set up).

Range: 1 for most devices.

1 or 2 for the AT-AO-6/10.

oper ation selects the operation NI-DAQ isto perform for the group of output channels.

operation = 0 (CLEAR):

© National Instruments Corporation

Terminates a waveform operation for the group of
analog output channels. Thelast voltage produced at the
DAC ismaintained indefinitely. After you execute
CLEAR for an analog output group, you must call
WFM_Load beforeyou can restart waveform generation
using operation = START.

(AT-MI0O-16F-5 only) If you aligned the data buffer
used in the waveform generation by calling

Al i gn_DMA Buf f er, CLEAR unaligns the buffer.
That is, the data samples start at index O of the buffer. If
you want to use the same buffer again for waveform
generation, you must call Al i gn_DMA_Buf f er again
before calling WFM_Load.
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operation = 1 (START): Initiates waveform generation at the analog output
channels in group. Select the waveform generation
update rate for the group in WFM_Cl ockRat e. Your
application must call operation = CLEAR before
terminating, if START is executed. If your application
does you execute START. If you do not execute
CLEAR, unpredictable behavior can may result.
1% Note If you invoke this function to clear continuous waveform generation that
was stopped previously because of an underflow error,
WEM _Gr oup_Cont r ol doesnot report the occurrence of the underflow
error. |f you want to check for thistype of error, invoke function
WEM_Check prior toinvokingWFM _Gr oup_Cont r ol toclear waveform
generation.
Note: For the MIO-16/16D, counter 2 must be available in order to use

waveform generation. If an interval scan isin progress (see
SCAN_St ar t) or aCTRfunction isusing counter 2, waveform generation
cannot proceed.

For Lab and 1200 Series analog output devices, if therate is smaller than
15.26 pts/s and counter BO is busy in a data acquisition operation,
waveform generation cannot proceed.

For the AT-MIO-16F-5, AT-M|O-64F-5, and AT-M| O-16X, one of the
counters 1, 2, or 5 must be available. NI-DAQ uses the first available
counter among counters 5, 2, and 1, in that order. If counter 5isin use,
and NI-DAQ if forced to use counters2 or 1, a RTSI line must also be
available.

On Am9513-based M1 O devices, if you want to trigger a waveform
generation operation externally, you can do so by first changing the
gating mode of the counter NI-DAQ will use.

On Am9513-based M1 O devices, WFM_OP will use either the default gating
mode (none) or the gating mode you specify through the CTR_Confi g
function. You will need to connect your trigger signal to the gate pin on
the 1/O connector.
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operation = 2 (PAUSE): Temporarily halts waveform generation for the group of
channels. NI-DAQ maintains the last voltage written to
the DAC indefinitely.

Note: Thisvalue of operation =2 is not supported for the M1 O E Series devices
and the DAQArb AT-5411 and DAQArb PCI-5411 devices.

operation = 4 (RESUME): Restarts waveform generation for the group of channels
that previously halted by operation = PAUSE.

Note: Thisvalue of operation =4 is not supported for the M1 O E Series devices
and the DAQArb AT-5411 and DAQArb PCI-5411 devices.

When you have halted a waveform generation by executing PAUSE, RESUME restarts
the waveform exactly at the point in your buffer where it left off. If n iterations of the
buffer remained to be completed when you executed operation = PAUSE, those n
iterations are generated after NI-DAQ executes RESUME. RESUME will restart
waveform generation if NI-DAQ has completed the number of iterations specified in
WFM_Load.

operation =5 (STEP): This operation will initiate a waveform generation at the analog
output channels in the group when the trigger mode has been set up to STEPPED or
BURST using AO_Change_Par anet er call. To advance to the next stage defined in
the sequence list, call WWM_Gr oup_Cont r ol again with operation = STEP. In this
way, you can step through all of the stages defined in the sequence list.

Note: Thisvalue of operation = STEP is supported for the DAQArb AT-5411
and DAQArb PC-5411 devices only.

© National Instruments Corporation 2-439 NI-DAQ FRM for PC Compatibles



Chapter 2 Function Reference

WFM_Group_Setup

Format
status=WFM_Group_Setup (deviceNumber, numChans, chanVect, group)

Purpose

Assigns one or more analog output channels to a waveform generation group. A call to
WFM_Gr oup_Set up isonly required for the AT-AO-6/10. By default, both analog
output channels for the M10O devices and the Lab-PC+ arein group 1.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
numChans i16 number of analog output channels
chanVect [i16] channel numbers
group 116 group number

Parameter Discussion
numcChans indicates the number of analog output channels specified in the array
chanVect. A 0 clears the channel assignments for group.
Range: 0 through 2 for most devices.
0 through 6 for AT-AO-6.
0 through 10 for AT-AO-10.
1 for DAQArb AT-5411 and DAQArb PCI-5411.

chanVect isyour array of channel numbers indicating which analog output channels are
in agroup.
Channel number range:

0 or 1 for most devices.

0 through 5 for AT-AO-6.

0 through 9 for AT-AO-10.

0 for DAQArb AT-5411 and DAQArb PCI-5411.
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group isthe group number.
Range: 1 for most devices.
1or2for AT-AO-6/10.

Using This Function

For the AT-AO-6/10, you can assign analog output channels to one of two waveform
generation groups. Each group has a separate update clock source. You can assign
different update rates to each group by calling WFM Cl ockRat e.

Also you cannot split channel pairs between groups (channel pairsare 0 and 1, 2 and 3,
4 and 5, and so on) for the AT-AO-6/10. For example, you can assign channel 4 alone
to group 1, but you cannot then assign channel 5 to group 2.

When you use the AT-AO-6, restrictions on group 1 assignments are as follows:
e 0ton,wheren<5and the channel list is consecutive, or any one channel.

» Usesinterrupts/DMA with FIFO.

e Interrupt when the FIFO is half full; thus, group 1 will be faster than group 2, even
when interrupts are used for both.

* |f more than one channel isin the channel list, then channel 0 must be the first
channel in that list.

The restrictions for AT-AO-6 group 2 assignments are as follows:

e channels 0 or 1 cannot be in group 2.
e Usesinterrupts only.

Restrictions on AT-AO-10 group assignments are as follows:

e All rules of assignment for the AT-AO-6 apply to the AT-AO-10.

e 0ton,wheren <9 and the channel list is consecutive, or any one channel.
» |If exactly one channel is assigned to group 1, it cannot be channel 8 or 9.
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Format

status= WFM_L oad (deviceNumber, numChans, chanVect, buffer, count, iterations, mode)

Purpose

Assigns awaveform buffer to one or more analog output channels and indicates the
number of waveform cycles to generate.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
numChans i16 number of analog output channels
chanVect [i16] channel numbers
buffer [i16] values that are converted to voltages by DACs
count u32 number of pointsin the buffer
iterations u32 number of times the waveform generation steps
through buffer
mode i16 enables or disables FIFO mode
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Parameter Discussion
numChans indicates the number of analog output channels specified in the array
chanVect.
Range: 1 or 2 for most devices.
1 through 6 for AT-AO-6.
1 through 10 for AT-AO-10.
1 for DAQArb AT-5411 and DAQArb PCI-5411.

chanVect isthe array of channel nhumbers indicating to which analog output channels
the buffer to be assigned.
Channel number range:

0 or 1 for most devices.

0 through 5 for AT-AO-6.

0 through 9 for AT-AO-10.

0 for DAQArb AT-5411 and DAQArb PCI-5411.

buffer isan array of integer values that are converted to voltages by DACs. If your
devicehas 12-hit DACs, these datawill range from 0 to 4,095 in unipolar mode and from
-2,048t0 2,047 in bipolar mode. If your device has 16-bit DACs, datawill range from 0
t0 65,535 in unipolar mode and from -32,768 to +32,767 in bipolar mode.

@y Note: The following information appliesto DAQArb AT-5411 and
DAQArb PCI-5411 devices only:

Refer to the mode parameter description to learn more about different modes and

staging.
Table 2-21. Data Ranges for the buffer Parameter for 54XX Series Devices
Mode Data Range Buffer

0 not supported Not supported

1,2,3 -32,768 to +32,767 Contains data values that are converted to
voltages by the DAC.

4 -32,768 to +32,767 Contains stages for generating multiple
waveforms,
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count isthe number of pointsin your buffer. When you use interleaved waveform
generation, count should be a multiple of numChans and not lessthan 2 * humChans.
When you use double-buffered interleaved waveform generation, count should not be
less than 4 * numChans.
Range: 1 through 232 - 1 (except M10 E Series devices).

2 through 22* (M10O E Series devices).

= Note: The following information applies to DAQArb AT-5411 and
DAQArb PCI-5411 devices only:

Table 2-22. Mode Values for The Count Parameter for 54XX Series Devices

Mode

Count

not supported

Minimum count is 256 samples. Must be a multiple of 8 samples.
Maximum count = size of the memory; that is, if memory size=2 MB,
maximum number of samples = 2,000,000.

Must be equal to 16,384 samples. If you load less samples, you will see
the contents of unfilled sections of memory also appearing in the
waveform generation in this mode.

Minimum count = 256 samples. Must be a multiple of 8 samples.
Maximum number of samples depends on the number of timesyou have
called WFM_Load consecutively in thismode. The total of al counts
loaded should be lessthan or equal to the size of the memory. If memory
size=2 MB, it should be less than or equal to 2,000,000.

The count depends on the number of stages being loaded. Because this
mode isvalid only after you have called WM _Load with mode 2 or
mode 3, the maximum number of stages depend on the mode that was
caled earlier.

Maximum count occurs when:
mode 2 was called earlier = 340 stages
mode 3 was called earlier = 290 stages
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iterationsisthe number of timesthe waveform generation stepsthrough buffer. A value
of 0 means that waveform generation proceeds indefinitely.
Range:  0through 2% - 1.

Enabling FIFO mode waveform generation places some restrictions on the allowable
values for the iterations parameter. Please refer to the mode parameter description
below.

Enabling pulsed FIFO mode waveform generation by turning on the delay clock via
WFM_Cl ockRat e places two additional restrictions on the allowed values of iterations
and also changes its meaning. Setting iterationsto 0 isnot allowed. Setting iterationsto
1lisnot allowed if you are using an AT-MI10O-16X or AT-MI10-64F-5. Also, instead of
determining the number of times the waveform generation steps through buffer before
stopping, pulsed FIFO mode causes the iter ations setting to determine the number of
times the datain the FIFO is generated before pausing for the specified delay. Once the
delay has elapsed, the datain the FIFO is generated again. In other words, when you use
pulsed FIFO mode, the value of iterations determines the number of cycles through the
FIFO that will occur between delays, and the pattern of waveform followed by delay
followed by waveform and so on, which goes on indefinitely (for devices other than
DAQArb AT-5411 and DAQArb PCI-5411).

Note: The following information applies to DAQArb AT-5411 and
DAQArb PCI-5411 devices only:

Table 2-23. Mode Values for the lterations Parameter for 54XX Series Devices

Mode Iterations
0 not supported
1 0 for continuous cyclic waveform generation. 1 through 65,535 for
programmed cyclic waveform generation.
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Table 2-23. Mode Values for the Iterations Parameter for 54XX Series Devices (Continued)

Mode

Iterations

iter ationstakes on ameaning of buffer ID. To load multiple buffersinto
the memory for arbitrary waveform generation, you can call WFM_Load
amultiple number of timeswith mode set to 2. For the first buffer
loaded, set the iterations parameter to 0. Y ou must continue to
increment the iterations parameter by 1 every time you call WFM_Load
with mode = 2. The value of iterations parameter will become the
number 1/D for that buffer being loaded. When you want to generate
those buffers, call WWM_Load with mode = 4. Y ou can refer to those
buffers by their buffer/ID.

Note: If you call WFM_Load in this mode with the iterations
parameter not set to one more than it was for the previous
WFM_Load, you will receivean error condition. You do not
have to load all the previous buffersin such an error
condition.You can load the new buffer with the corrected
value for iterations parameter. Loading a buffer with the
iterations parameter set to O will clear all the previous
buffers.

Ignored. Setitto 0.

Ignored. SetittoO.

mode allows you to indicate whether to use FIFO mode waveform generation.

Range:

O or 1 for the AT-MIO-16E-2, AT-MI0O-64E-3, NEC-M|0-16E-4,
AT-MIO-16X, AT-MI10-64F-5, AT-AO-6/10, PCI-MI0O-16E-1,
PCI-MI10-16E-4, PCI-M10-16XE-10, VXI-MI0O-64E-1, and
VXI-MI10-64XE-10.

O for all other devices.

1, 2, 3, or 4 for the DAQArb AT-5411 and DAQArb PCI-5411.
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When modeis 0, NI-DAQ does not use FIFO mode waveform generation. When mode
is1 and all of the following conditions are satisfied, NI-DAQ will use FIFO mode
waveform generation:

*  Thewaveform buffer is small enough to reside in the DAC FIFO. The size of the
DAC FIFO is 2,048 points on the AT-MI0O-16E-2, AT-MIO-64E-3,
NEC-MIO-16E-4, AT-MI0O-16X, AT-MIO-64F-5, PCI-M10-16E-1,
PCI-MI10-16XE-10, VXI-MIO-64E-1 and V X1-M10-64X E-10, 1,024 points on the
AT-AO-6/10 and 2,000,000 points on the DAQArb AT-5411 and
DAQATrb PCI-5411. If you load more than one channel, the total number of points
must be less than or equal to the FIFO size.

* You have not enabled double-buffered waveform generation mode.

* For the AT-AO-6/10, iterations must be 0. For the AT-M10-16X and
AT-MIO-64F-5, iterations can be:
0 for continuous cyclic waveform generation.
1 through 65,535 inclusive for programmed cyclic waveform generation.
2 through 65,535 inclusive for pulsed waveform generation.

e All the channels listed in chanVect must belong to group 1.

» If morethan one channel of group 1 isloaded, the number of points per channel and
iterations are the same for each channel. Also, all the channels of group 1 must have
the same mode.
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4

NI-DAQ returns error fifoM odeError if any of the previously described conditionsis
not satisfied and modeis 1. If you call the WFM_Load function several times to load
different channels, the WWM_Gr oup_Cont r ol function will check for conditions 1
and 5.

When modeis 1 and you have enabled the delay clock (see the WFM Cl ockRat e
function), the waveform generation proceeds until it is stopped by software. In this case,
iterations indicates how many times the waveform will be generated between delays.

Note: The following information applies to DAQArb AT-5411 and
DAQArb PCI-5411 devices only.

Note: Before you go on to modes 2, 3, and 4, you need to understand some terms
introduced in the following paragraphs.

A sequence list is used in staging-based waveform generation for linking, looping, and
generating multiple waveforms stored on the on-board memory. The sequencelist hasa
list of entries. Each entry is called a stage. Each stage specifies which waveform to
generate and other associated settings for that waveform (for example, the number of
loops).

For staging-based waveform generation, you first must load all the data buffers (using
mode = 2 or mode = 3) and then you can load the sequence list (using mode = 4).

Usemode = 2 for loading waveformsthat are repetitivein nature and in which very high
frequency resolution is required. Thismode isreferred to as DDS (Direct Digital
Synthesis) mode. For more details on the DDS mode, refer to Chapter 14, 54XX Series
Devices, in the DAQ Hardware Overview Guide. Y ou must use the entire 16,384 points
of buffer to define one cycle of your waveform. For example, if you want to generate
different frequencies of a sinusoidal waveform, you must load only one cycle of asine
wave to fit the entire 16,384 points of the buffer. To generate different frequencies of
the loaded waveform, you must then call WFM_Load again with mode = 4. Notice that
only one buffer is allowed for a mode of 2.

Use mode = 3 for loading waveforms which are arbitrary in nature and for which very
deep memory is required. Very complex waveforms also can be generated using the
linking and looping capabilities of the device in this mode. This mode is referred to as
arbitrary waveform generation (ARB) mode. For more details on the ARB mode, refer
to Chapter 14, 54XX Series Devices, in the DAQ Hardware Overview Guide. The
minimum size of the buffer is 256 samples, and the total number of samples must be a
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multiple of 8 samples. You can call WWM _Load a multiple number of times,
consecutively, to load different buffers. When you do this, you must assign each buffer
an ID using the iterations parameter. The first buffer should have an ID of 0 and the
successive buffers always should have the buffer ID of one more than the previously
loaded buffer. To generate a sequence of these buffersin the order you want, call
WFM_Load again with mode = 4. Notice that a multiple number of buffers are allowed
for mode of 3.

Use mode = 4 for loading a sequence list of buffers (for ARB mode) or frequencies
(DDS mode) to be generated. Each stage in the sequence list isan array of 16-bit values.
The total number of these 16-bit values for a stage depends on the previous mode
WFM_Load mode being 2 or 3. The structure of this array for one stage in the DDS and
ARB modeis as follows:

DDS Mode:
Table 2-24. Array Structures for DDS Mode
Frequency Array Element
DDS Frequency Word [63:48] ~ Array element O (range 0 to 65,535)
DDS Frequency Word [47:32] ~ Array element 1 (range O to 65,535)
DDS Frequency Word [31:16] ~ Array element 2 (range 0 to 65,535)
DDS Frequency Word [15:0] ~ Array element 3 (range 0 to 65,535)
Duration in 5 MHz Intervals [31:16] ~ Array element 4 (range 0 to 65,535)
Duration in 5 MHz Intervals[15:0] ~ Array element 5 (range 0 to 65,535)

For each stage, DDS Frequency Word specifies the frequency to be generated of the
waveform loaded into the DDS lookup memory. DDS Frequency Word is 64 bits long
and is divided into four 16-bit unsigned words as shown in the array.

Assume:

Update rate of the waveformis="'U" Hz,
Accumulator sizeis="‘n’ bits,
Desired frequency is=‘f’ Hz
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Then, the DDS Frequency word [63:0] is= (f* 27)/U

= Note For the DAQArb AT-5411 and DAQArb PCI-5411, accumulator size ‘n’
is 32 hits.

Example: If one cycle of sine wave already isloaded into the lookup
memory by calling WFM_Load with mode = 2 and U = 40 MHz, use
the following formulas for the frequency you want:

1MHz: DDS Frequency Word [63:0] = (1,000,000 * 2%2)/ 40,000,000 =
107,374,182.

1.234567 MHz: DDS Frequency Word [63:0] =
(1,234,567 * 2%2)/40,000,000 = 132,560,622.

1KHz: DDS Frequency Word [63:0] = (1,000 * 2%2)/40,000,000 =
107,374.

25Hz: DDS Frequency Word [63:0] = (25 * 232)/40,000,000 = 2,684.

1.256 KHz: DDS Frequency Word [63:0] = (1,256 * 2%2)/40,000,000 =
13,486.

Note: For the DAQArb AT-5411 and DAQArb PCI-5411, the maximum
sinewave frequency that you can generateis 16 MHz The corresponding
maximum valid DDS Frequency Word is 1,717,986,918.

Y ou also can specify the duration you want the frequency to be
generated for each stage. Thisdurationisspecified in number of 5 MHz
interval (200 ns) counts. The duration in 5SMHz interval [31:0] is
divided into two 16-bit unsigned words as shown in the previous array.
For DAQArb AT-5411 and DAQArb PCI-5411 devices, the range for
thedurationin 5 MHz interval [31:0] isthrough 16,777,215. Also, you
can refer to the triggering modes in your 54XX Series User Manual for
more details on the various operation modes available.
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ARB Mode:
Table 2-25. Array Structures for ARB Mode
Buffer 1D Array Element

Buffer ID[31:16] ~ Array element 0 (range 0 to 65,535)
Buffer ID [15:0] ~ Array element 1 (range 0 to 65,535)
Sample Count [31:16] ~ Array element 2 (range 0 to 65,535)
Sample Count[15:0] ~ Array element 3 (range 0 to 65,535)
Iterations [31:16] ~ Array element 4 (range 0 to 65,535)
Iterations [15:0] ~ Array element 5 (range 0 to 65,535)
Marker Offset [31:16] ~ Array element 6 (range 0 to 65,535)
Marker Offset [15:0] ~ Array element 7 (range 0 to 65,535)

For each stage, Buffer | D [31:0] specifiesthe buffer number to be generated. This buffer
ID should correspond to one of the buffers that was loaded into the memory earlier by
calling WFM_Load with mode = 3. If thisisnot the case, NI-DAQ then returns an error.

Sample Count [31:0] specifies the number of samples from the start of the buffer given
by Buffer ID. If thisis set to 0, NI-DAQ uses the original size for that buffer specified
duringWWFM _Load call withmode = 3. Y ou can concatenate two consecutive buffersfor
generation by specifying the Buffer ID of the first buffer and the Sample Count to be
equal to the first and following buffers. This feature allows flexibility to generate
different waveforms from the buffers already loaded into the memory.

Iterations [31:0] is used to specify the number of times you want to loop over the
waveform specified by the Buffer ID and Sample Count before jumping to the next
stage. The valid range of Iterations [31:0] is 1 to 65,536 for DAQArb AT-5411 and
DAQArb PCI-5411.

Marker Offset is equivalent to atrigger output signal. Y ou can place a marker in every

stage; however, only one marker is allowed per stage. The marker is specified by giving
aMarker Offset [31:0] value (in number of samples) from the start of the waveform
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specified by the stage. If the offset isout of range of the number of samplesin that stage,
the marker will not appear at the output.

= Note: For information about staging-based waveform generation, refer to your
NI-DAQ 5.0 User Manual for PC Compatibles.

Using This Function
WFM_Load assigns your buffer to a selected analog output channel or channels. The
values in this buffer are translated to voltages by the D/A circuitry and produced at the
output channel when you have called WFM_Gr oup_Cont r ol (operation = START)
for a channel group. To change the shape of a waveform in progress, use
WFM_DB_Conf i g to enable double-buffered mode and WFM_DB_Tr ansf er to
transfer datainto the waveform buffer. When loading buffers for double-buffered mode,
all of the channel buffers should be the same size.

WFM _Load assigns your buffer to a selected analog output channel or channels. The
values in this buffer are translated to voltages by the digital-to-analog (D/A) circuitry
and produced at the output channel when you have called WFM_Gr oup__Cont r ol
(operation = START) for a channel group. If you have changed the analog output
configuration from the defaults by changing the jumpers on the device, you must call
AO_Conf i gur e to set the software copies of the settings prior to calling

WEM_Gr oup_Cont r ol (operation = START). You can make repeated calls to

WFM Load to change the shape of awaveform in progress, except on MI1O E Series
devices and SCXI DAQ modules used with remote SCXI; if you make repeated calls
using these devices, this function will return atransferInProgError. Y ou also must use
the parameter values for numChans and chanVect used in the call to WFM_Load prior
to starting the waveform when making callsto WFM_Load while awaveformisin
progress.

(AT-MIO-16F-5 only) If your buffer has been aligned by a previous call to

Al i gn_DMA Buf f er, WM Load automatically indexes into the buffer to the new
starting point of the data. If you call WFM_Load with a new buffer while awaveform
generation isin progress, NI-DAQ unaligns the previous buffer when the function
returns.
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Format
status= WFM_Op (deviceNumber, numChans, chanVect, buffer, count, iterations, rate)

Purpose
Assigns awaveform buffer to one or more analog output channels, selects the rate and
the number of times the datain the buffer is to be generated, and starts the generation.
If the number of buffer generations is finite, WFM_QOp waits for completion before
returning, unless you call Ti meout _Confi g.

Parameters
Input
Name Type Description

deviceNumber i16 assigned by configuration utility

numChans i16 number of analog output channels

chanVect [i16] channel numbers

buffer [i16] values that are converted to voltages by DACs

count u32 number of pointsin the buffer

iterations u32 number of times the waveform generation steps
through
buffer

rate f64 desired rate in pts/s

Parameter Discussion
numcChans indicates the number of analog output channels specified in the array
chanVect.

chanVect isthe array of channel numbers indicating which analog output channels are
to receive output data from the buffer.
Channel number range:

0 or 1 for most devices.
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Continued

0 through 5 for AT-AO-6.
0 through 9 for AT-AO-10.

buffer isan array of integer values that DACs convert to voltages. If your device has
12-bit DACs, these datawill range from 0 to 4,095 in unipolar mode and from -2,048 to
2,047 in bipolar mode. If your device has 16-bit DACs, datawill range from 0 to 65,535
in unipolar mode and from -32,768 to +32,767 in bipolar mode.

count is the number of pointsin your buffer. When NI-DAQ is using interleaved
waveform generation, count should be a multiple of numChans and not less than 2 *
numChans.
Range:  1through 2% - 1 (except MIO E Series devices).

2 through 22 (M10O E Series devices).

iterationsisthe number of timesthe waveform generation stepsthrough buffer. A value
of 0 means that waveform generation proceeds indefinitely.
Range:  0through 2% - 1.

rateis the rate of waveform generation you want in points per second (pts/s). A value
of 0.0 for rate means that external update pulses (applied to OUT2 for the MIO-16 and
AT-MIO-16D, to EXTDACUPDATE for the AT-MIO-16F-5, AT-MI0-64F-5, and
AT-MIO-16X, to EXTUPDATE for the AT-AO-6/10 and Lab and 1200 Series analog
output devices, and to PFl Pin 5 on E Series devices) will determine the waveform
generation rate.

Range:0.0 for external update or approximately 0.0015 to 500,000 pts/s.

Y our maximum r ate depends on your device type and your computer system. If the
number of points that represents represent one cycle of the waveform equals count, the
frequency of the generated waveform isrelated to therate by thisthe following formula:

frequency = (rate/count) cycles/s

Using This Function
WEM_Qp initiates a waveform generation operation. NI-DAQ writes the data in the
buffer to the specified analog output channels at a rate as close to the rate you want as
the specified rate hardware permits (see WFM_Rat e for afurther explanation). With the
exception of indefinite waveform generation, WFM_Qp waits until NI-DAQ completes
the waveform generation is complete before returning (that is, it is synchronous).
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(AT-MIO-16F-5 only) If you have aligned the buffer with a previous call to

Al'i gn_DMA Buf f er, WFM_Op automatically indexes into the buffer at the new
starting point if necessary. If the call to WFM_Qp is synchronous, when the function
returns, the buffer is unaligned. That is, the data samples will start at index O of the
buffer. If the waveform generation isindefinite, the buffer remainsaligned until you call
WFM_Gr oup_Cont r ol (operation = CLEAR).

If you have changed the analog output configuration from the defaults by changing the
jumpers on the device, you must call AO_Conf i gur e to set the software copies of the
settings prior to calling WFM_Op.

NI-DAQ ignores the group settings made by calling WFM_Gr oup_Set up when you
call WFM_Op, and WFM_Op and does not change the settings are not changed after
NI-DAQ executes you execute WFM_Op.

Note: For the MIO-16/16D, counter 2 must be available in order to use
waveform generation. If an interval scan isin progress (see
SCAN_St art ) or aCTR function isusing counter 2, waveform generation
cannot proceed.

For the AT-MI10O-16F-5, AT-MI10-64F-5, and AT-MI0-16X, you can use counter 1, 2,

and 5, aswell as adedicated external update signal, to generate either interrupt or DMA
requests. If you use counter 1 or 2, aRTSI line must also be available. NI-DAQ uses the
first available counter among counters 5, 2, and 1, in that order.

For Lab and 1200 Series analog output devices, if the rate is smaller than 15.26 and
counter BO is busy in a data acquisition or counting operation, waveform generation
cannot proceed.

On Am9513-based MIO devices, if you want to externally trigger a waveform
generation operation, you can do so by first changing the gating mode of the counter
NI-DAQ will use.

WEM_OP will use either the default gating mode (none) or the gating mode you specify
through the CTR_Conf i g function. Y ou will need to connect your trigger signal to the
gate pin on the I/O connector. Refer to the CTR_Conf i g function description for
details.

On MIO E Series devices, you can externally trigger a waveform generation operation
in avariety of ways. Refer to the Sel ect _Si gnal function for more details.
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Format
status= WFM _Rate (rate, units, timebase, updatel nterval)

Purpose
Converts a waveform generation update rate into the timebase and update-interval
values needed to produce the rate you want.

Parameters
Input
Name Type Description
rate f64 update rate you want
units i16 units used
Output
Name Type Description
timebase i16 resolution of clock signal
updatel nterval u32 number of timebase units

Parameter Discussion
rate is the waveform generation update rate you want. rate is expressed in either pts/s
or seconds per point (s/pt), depending on the value of the units parameter.
Range: Roughly 0.00153 pts/s through 500,000 pts/s or 655 s/pt through

0.000002 s/pt.
unitsindicates the units used to expressrate.
0: pts/s.
1 s/pt.
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timebaseisacode representing the resolution of the onboard clock signal that the device
uses to produce the update rate you want. Y ou can input the value returned in timebase
directly to WFM_Cl ockRat e. timebase has the following possible values:

-3
-1:

1

N

20 MHz clock used as a timebase (50 ms) (M1O E Series only).

5 MHz clock used as timebase (200 ns resolution) (AT-MIO-16F-5,
AT-MIO-64F-5, and AT-MIO-16X only).

1 MHz clock used astimebase (1 psresolution) (Am9513-based M10O devices
only).

100 kHz clock used as timebase (10 us resol ution).

10 kHz clock used as timebase (100 s resolution) (Am9513-based MIO
devices only).

1 kHz clock used astimebase (1 msresolution) (Am9513-based M10 devices
only).

100 Hz clock used as timebase (10 ms resolution) (Am9513-based MI1O
devices only).

updatel nterval isthe number of timebase units that el apse between consecutive writes
(updates) to the D/A converters. The combination of the timebase resolution value and
the updatel nterval produces the waveform generation rate you want. Y ou can input the
value returned in updatel nterval directly to WFM _Cl ockRat e.

Range:
Note:
Note:

2 through 65,535.

If you areusing an SCXI1-1200 with remote SCXI, the maximum rate will
depend on the baud rate setting and updateRate. Refer to the SCXI1-1200
User Manual for more details.

C Programmers—timebase and updatel nterval are pass-by-reference
parameters.

Using This Function
WEM_Rat e produces timebase and update-interval values to closely match the update
rate you want. To calculate the actual rate produced by these values, first determine the
clock resolution that corresponds to the value timebase returns. Then use the
appropriate formula below, depending on the value specified for units:

units = 0 (pts/s).

actual rate = 1/(clock resolution * updatel nterval).
units =1 (g/pt).

actual rate = clock resolution  updatel nterval.
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Format
status= WFM _Scale (deviceNumber, chan, count, gain, voltArray, binArray)

Purpose

Translates an array of floating-point values that represent voltages into an array of
binary values that produce those voltages when NI-DAQ writes the binary array to one
of the board DACs. This function uses the current analog output configuration settings
to perform the conversions.

Parameters
Input
Name Type Description
deviceNumber 116 assigned by configuration utility
chan i16 analog output channel
count u32 number of pointsin buffer
gain f64 multiplier applied as the trandation is performed
VoltArray [f64] input double-precision values
Output
Name Type Description
binArray [i16] binary values converted from the voltages

Parameter Discussion

chan indicates to which analog output channel the binary array is to be assigned.
Range: 0O or 1for most devices.

0 through 5 for AT-AO-6.

0 through 9 for AT-AO-10.
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count isthe number of pointsin your buffer.
Range:1 through 2%2 - 1.

gain isamultiplier applied to the array as NI-DAQ performsthetranslation. If the result
of multiplying each element in the array by the value of gain produces avoltage that is
out of range, NI-DAQ sets the voltage to the maximum or minimum value and returns
an error. NI-DAQ still completes the translation, however.

Range:Any real number that produces a voltage within the analog output range.

voltArray istheinput array of double-precision values that represents the voltages
NI-DAQ isto produce be produced at one of the outputs.
Range:Any real number that produces a voltage within the anal og output range.

binArray isthe array of binary values converted from the voltages contained in
voltArray. Thevaluesin binArray produce the original voltages when NI-DAQ writes
them to a DAC on your device. Refer to Appendix B, Analog Input Channel and Gain
Settings and Voltage Calculation, for the calculation of binary value.

Using This Function
WEM Scal e calculates each binary value using the following formulas;

* Unipolar configuration:
12-bit DACs: binVal = voltage * (gain * (4,096/outputRange)).
16-bit DACs: binVal = voltage * (gain * (65,536/outputRange)).
* Bipolar configuration:
12-bit DACs: binVal = voltage * (gain * (2,048/outputRange)).
16-bit DACs:. binVal = voltage = (gain * (32,768/outputRange)).
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Status Codes

Appendix

This appendix lists the status codes returned by NI-DAQ), including the

name and description.

Each NI-DAQ function returns a status code that indicates whether the
function was performed successfully. When an NI-DAQ function
returns a code that is a negative number, it means that the function did
not execute. When a positive status code is returned, it means that the
function did execute, but with a potentially serious side effect. A
summary of the status codesis listed in Table A-1.

Note: All status codes and descriptions are also listed in NI-DAQ online help.
Table A-1. Status Code Summary

Status Code Status Name Description

-10001 syntaxError An error was detected in the input
string; the arrangement or ordering of
the charactersin the string is not
consistent with the expected ordering.

-10002 semanticsError An error was detected in the input
string; the syntax of the string is correct,
but certain values specified in the string
areinconsistent with other values
specified in the string.

-10003 invalidvValueError The value of anumeric parameter is
invalid.

-10004 valueConflictError The value of a numeric parameter is
inconsistent with another one, and
therefore the combination isinvalid.

-10005 badDeviceError The deviceisinvalid.

-10006 badL ineError Thelineisinvalid.
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Table A-1. Status Code Summary (Continued)

Status Code Status Name Description

-10007 badChanError A channel is out of range for the board
type or input configuration; or the
combination of channelsisnot allowed,;
or the scan order must be reversed
(O last).

-10008 badGroupError Thegroup isinvalid.

-10009 badCounterError The counter isinvalid.

-10010 badCountError The count istoo small or too large for
the specified counter; or the given 1/O
transfer count is not appropriate for the
current buffer or channel configuration.

-10011 badlntervalError Theanalog input scan rateistoo fast for
the number of channels and the channel
clock rate; or the given clock rateis not
supported by the associated counter
channel or I/O channel.

-10012 badRangeError The analog input or anal og output
voltagerangeisinvalid for the specified
channel.

-10013 badErrorCodeError The driver returned an unrecognized or
unlisted error code.

-10014 groupTooLargeError Thegroup sizeistoo large for the board.

-10015 badTimeLimitError Thetimelimitisinvalid.

-10016 badReadCountError Theread count isinvalid.

-10017 badReadM odeError The read modeisinvalid.

-10018 badReadOffsetError The offset is unreachable.

-10019 badClkFrequencyError The frequency isinvalid.

-10020 badTimebaseError The timebase isinvalid.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10021

badLimitsError

The limits are beyond the range of the
board.

-10022

badWriteCountError

Y our data array contains an incomplete
update, or you are trying to write past
the end of the internal buffer, or your
output operation is continuous and the
length of your array is not a multiple of
one half of the interna buffer size.

-10023

badWriteM odeError

The write modeis out of range or is
disallowed.

-10024

badWriteOffsetError

Adding the write offset to the write
mark places the write mark outside the
internal buffer.

-10025

limitsOutOfRangeError

The requested input limits exceed the
board's capability or configuration.
Alternative limits were selected.

-10026

badBuffer SpecificationError

The requested number of buffers or the
buffer sizeis not allowed; for example,
Lab-PC buffer limit is 64K samples, or
the board does not support multiple
buffers.

-10027

badDAQEventError

For DAQEventsOand 1 general value A
must be greater than 0 and less than the
internal buffer size. If DMA isused for
DAQEvent 1 general value A must
divide the internal buffer size evenly,
withnoremainder. If theTIO-10isused
for DAQEvent 4 general value A must
belor2.

-10028

badFilter CutoffError

The cutoff frequency specified is not
valid for this device.
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Table A-1. Status Code Summary (Continued)

Status Code Status Name Description

-10029 obsoleteFunctionError Thefunctionyou arecallingisno longer
supported in this version of the driver.

-10030 badBaudRateError The specified baud rate for
communicating with the serial port is
not valid on this platform.

-10031 badChassisI DError The specified SCXI chassis does not
correspond to a configured SCXI
chassis.

-10032 badM oduleSlotError The SCXI module slot that was
specified isinvalid or corresponds to an
empty dlot.

-10033 invalidwinHandleError The window handle passed to the
functionisinvalid.

-10034 noSuchM essageError No configured message matchesthe one
you tried to delete.

-10080 badGainError Thegainisinvalid.

-10081 badPretrigCountError The pretrigger sample count isinvalid.

-10082 badPosttrigCountError The posttrigger sample count isinvalid.

-10083 badTrigModeError Thetrigger mode isinvalid.

-10084 badTrigCountError Thetrigger count isinvalid.

-10085 badTrigRangeError Thetrigger range or trigger hysteresis
window isinvalid.

-10086 badExtRefError The external reference isinvalid.

-10087 badTrigTypeError Thetrigger typeisinvalid.

-10088 badTrigLevelError Thetrigger level isinvaid.
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Table A-1. Status Code Summary (Continued)

Status Code Status Name Description

-10089 badTotalCountError Thetotal count isinconsistent with the
buffer size and pretrigger scan count or
with the board type.

-10090 badRPGError Theindividual range, polarity, and gain
settings are valid but the combination is
not allowed.

-10091 badlterationsError Y ou have attempted to use an invalid
setting for the iterations parameter. The
iterations value must be O or greater.

Y our device might be limited to only
two values, 0 and 1.

-10092 lowScanl ntervalError Some devices require atime gap
between thelast samplein ascan andthe
start of the next scan. The scan interval
you have specified does not provide a
large enough gap for the board. See the
SCAN_St ar t functioninthelanguage
interface API for an explanation.

-10093 fifoModeError FIFO mode waveform generation
cannot be used because at least one
condition is not satisfied.

-10100 badPortWidthError Therequested digital port widthisnot a
multiple of the hardware port widthoris
not attainable by the DAQ hardware.

-10120 gpctrBadApplicationError Invalid application used.

-10121 gpctrBadCtr NumberError Invalid counterNumber used.

-10122 gpctrBadParamValueError Invalid paramValue used.

-10123 gpctrBadParaml DError Invalid paramlD used.

-10124 gpctrBadEntityl DError Invalid entityl D used.

-10125 gpctrBadActionError Invalid action used.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10200

EEPROMreadError

Unable to read datafrom EEPROM.

-10201

EEPROMwriteError

Unable to write data to EEPROM.

-10240

noDriverError

The driver interface could not locate or
open the driver.

-10241

oldDriverError

One of the driver files or the
configuration utility is out of date.

-10242

functionNotFoundError

The specified function is not located in
thedriver.

-10244

devicel nitError

The driver encountered a
hardware-initialization error while
attempting to configure the specified
device.

-10245

oslnitError

The driver encountered an
operating-system error whileattempting
to perform an operation, or the operating
system does not support an operation
performed by the driver.

-10246

communicationsError

The driver is unable to communicate
with the specified external device.

-10248

dupAddressError

The base addresses for two or more
devices are the same; consequently, the
driver is unable to access the specified
device.

-10249

intConfigError

Theinterrupt configuration isincorrect
given the capabilities of the computer or
device.

-10250

duplntError

Theinterrupt levels for two or more
devices are the same.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10251

dmaConfigError

The DMA configuration isincorrect
given the capabilities of the
computer/DMA controller or device.

-10252

dupDMAError

The DMA channels for two or more
devices are the same.

-10253

jumperlessBoardError

Unable to find one or more jumperless
boards you have configured using the
NI-DAQ Configuration Utility.

-10254

DAQCardConfError

Cannot configurethe DAQCard because
1) the correct version of the card and
socket services softwareisnot installed;
2) the card inthe PCMCI A socket is not
aDAQCard; 3) the base address and/or
interrupt level requested are not
available according to the card and
socket services resource manager; or

4) the Card Servicesfailedtoload dueto
insufficient available memory under

1 MB in Windows 3.1. Try different
settings or use AutoAssign in the
NI-DAQ configuration utility. Memory
under 1 MEG must be available to
configure DAQCard in Win 3.x.

-10255

remoteChassisDriver|nitError

Therewas an error ininitializing the
driver for remote SCXI.

-10256

comPortOpenError

There was an error in opening the
specified COM port.

-10257

baseAddressError

Bad base address specified in the
configuration utility.

-10258

dmaChannel1Error

Bad DMA channel 1 specified in the
configuration utility or by the operating
system.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10259

dmaChannel2Error

Bad DMA channel 2 specified in the
configuration utility or by the operating
system.

-10260

dmaChannel3Error

Bad DMA channel 3 specified in the
configuration utility or by the operating
system.

-10261

user M odeT oK ernelM odeCallError

The user mode code failed when calling
the kernel mode.

-10340

noConnectError

No RTSl signa/lineis connected, or the
specified signal and the specified line
are not connected.

-10341

badConnectError

The RTSI signal/line cannot be
connected as specified.

-10342

multConnectError

The specified RTSI signal is already
being driven by aRTS! line, or the
specified RTSI lineis already being
driven by aRTSI signal.

-10343

SCXIConfigError

The specified SCXI configuration
parameters are invalid, or the function
cannot be executed with the current
SCXI1 configuration.

-10344

chassisSynchedError

The Remote SCXI unit is not
synchronized with the host. Reset the
chassis again to resynchronize it with
the host.

-10345

chassisM emAllocError

The required amount of memory cannot
be allocated on the Remote SCXI unit
for the specified operation.

-10346

badPacketError

The packet received by the Remote
SCXI1 unitisinvalid. Check your seria
port cable connections.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10347

chassisCommunicationError

There was an error in sending a packet
totheremote chassis. Check your seria
port cable connections.

-10348

waitingFor ReprogError

The remote SCXI unitisin
reprogramming mode and iswaiting for
reprogramming commands from the
host (NI-DAQ Configuration Utility).

-10349

SCXIModuleTypeConflictError

The module ID read from the SCXI
module conflicts with the configured
module type.

-10370

badScanListError

Thescanlistisinvalid; for example, you
are mixing AMUX-64T channels and
onboard channels, scanning SCXI
channels out of order, or have specified
adifferent starting channel for the same
SCXI1 module. Also, thedriver attempts
to achieve complicated gain
distributions over SCX| channelson the
same module by manipulating the scan
list and returns this error if it fails.

-10400

user OwnedRsr cError

The specified resource is owned by the
user and cannot be accessed or modified
by the driver.

-10401

unknownDeviceError

The specified device is not a National
Instruments product, or the driver does
not support the device (for example, the
driver was released before the device
was supported).

-10402

deviceNotFoundError

No deviceislocated in the specified slot
or at the specified address.

-10404

noL ineAvailError

No lineisavailable.

-10405

noChanAvailError

No channel is available.
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Table A-1. Status Code Summary (Continued)

Status Code Status Name Description

-10406 noGroupAvailError No group is available.

-10407 lineBusyError The specified lineisin use.

-10408 chanBusyError The specified channel isin use.

-10409 groupBusyError The specified group isin use.

-10410 relatedL CGBusyError A related line, channel, or group isin
use; if the driver configures the
specified line, channel, or group, the
configuration, data, or handshaking
lines for the related line, channel, or
group will be disturbed.

-10411 counter BusyError The specified counter isin use.

-10412 noGroupAssignError No group is assigned, or the specified
line or channel cannot be assigned to a
group.

-10413 groupAssignError A group is already assigned, or the
specified line or channel is already
assigned to agroup.

-10414 reservedPinError The selected signal requiresapinthat is
reserved and configured only by
NI-DAQ. Y ou cannot configurethispin
yourself.

-10415 exter nalM uxSuppor Error This function does not support this
device when an external multiplexer
(such asan AMUX-64T or SCXI) is
connected to it.

-10440 sysOwnedRsrcError The specified resource is owned by the
driver and cannot be accessed or
modified by the user.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10441

memcConfigError

No memory is configured to support the
current data-transfer mode, or the
configured memory does not support the
current data-transfer mode. (If block
transfersarein use, the memory must be
capable of performing block transfers.)

-10442

memDisabledError

The specified memory isdisabled or is
unavailablegiventhecurrent addressing
mode.

-10443

memAlignmentError

The transfer buffer is not aligned
properly for the current data-transfer
mode. For example,, the buffer isat an
odd address, is not aligned to a 32-bit
boundary, is not aigned to a 512-hbit
boundary, and so on. Alternatively, the
driver isunableto align the buffer
because the buffer istoo small.

-10445

memL ockError

The transfer buffer cannot be locked
into physical memory. On PC AT
machines, portions of the DMA data
acquisition buffer may bein aninvalid
DMA region, for example, above

16 MB.

-10446

memPageError

The transfer buffer contains a page
break; system resources might require
reprogramming when the page break is
encountered.

-10447

memPagel ockError

The operating environment is unable to
grant apage lock.

-10448

stackMemError

Thedriver isunableto continue parsing
astring input due to stack limitations.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10449 cacheMemError

A cache-related error occurred, or
caching is not supported in the current
mode.

-10450 physicalM emError

A hardware error occurred in physical
memory, or no memory islocated at the
specified address.

-10451 virtualMemError

Thedriver isunableto makethetransfer
buffer contiguousin virtual memory and
therefore cannot lock it into physical
memory; thus, the buffer cannot be used
for DMA transfers.

-10452 nolntAvailError

No interrupt level isavailable for use.

-10453 intinUseError

The specified interrupt level is already
in use by another device.

-10454 noDMACError

No DMA controller isavailable in the
system.

-10455 noDMAAvailError

No DMA channel is available for use.

-10456 DMAInUseError

The specified DMA channel is already
in use by another device.

-10457 badDMAGroupError

DMA cannot be configured for the
specified group because it istoo small,
too large, or misaligned. Consult the
device user manual to determine group
ramifications with respect to DMA.

-10458 diskFullError

A disk overflow occurred while
attempting to writeto afile.

-10459 DLLInterfaceError

TheDLL could not be called because of
an interface error.
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Appendix A Status Codes

Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10460

interfacel nteractionError

Y ou have mixed Vls from the DAQ
library and the_DAQ compatibility
library (LabVIEW 2.2 style VIs). You
may switch between the two libraries
only by running the DAQ VI Device
Reset before calling_DAQ
compatibility VIs or by running the
compatibility VI Board Reset before
caling DAQVIs.

-10480

muxM emFullError

The scan list istoo large to fit into the
mux-gain memory of the board.

-10481

buffer Notl nterleavedError

Y ou must provide a single buffer of
interleaved data, and the channels must
be in ascending order.Y ou cannot use
DMA to transfer data from two buffers;
however, you may be able to use
interrupts.

-10540

SCXIM oduleNotSupportedError

At least one of the SCXI modules
specified is not supported for the
operation.

-10541

TRIG1Resour ceConflict

CTRB1 will drive COUTB1. However,
CTRB1 aso will drive TRIG1. This
conflict might cause unpredictable
results when the chassis is scanned.

-10600

noSetupError

No setup operation has been performed
for the specified resources. Or, some
resources require a specific ordering of
callsfor proper setup.

-10601

multSetupError

The specified resources have already
been configured by a setup operation.

-10602

noWriteError

No output data has been written into the
transfer buffer.
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Appendix A Status Codes

Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10603

groupWriteError

The output data associated with agroup
must be for asingle channel or must be
for consecutive channels.

-10604

activeWriteError

Once data generation has started, only
thetransfer buffers originally written to
may beupdated. If DMA isactiveanda
single transfer buffer contains
interleaved channel -data, new datamust
be provided for al output channels
currently using the DMA channel.

-10605

endWriteError

No data was written to the transfer
buffer because the final data block has
aready been loaded.

-10606

notArmedError

The specified resource is not armed.

-10607

armedError

The specified resourceisalready armed.

-10608

noTransferlnProgError

No transfer isin progress for the
specified resource.

-10609

transferInProgError

A transfer isaready in progress for the
specified resource, or the operation is
not allowed because the deviceisin the
process of performing transfers,
possibly with different resources.

-10610

transfer PauseError

A single output channel in agroup may
not be paused if the output data for the
group isinterleaved.

-10611

badDirOnSomeL inesError

Some of the linesin the specified
channel are not configured for the
transfer direction specified. For awrite
transfer, some lines are configured for
input. For aread transfer, somelinesare
configured for output.
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Appendix A Status Codes

Table A-1. Status Code Summary (Continued)

Status Code Status Name Description

-10612 badL ineDirError The specified line does not support the
specified transfer direction.

-10613 badChanDirError The specified channel does not support
the specified transfer direction.

-10614 badGroupDirError The specified group doesnot support the
specified transfer direction.

-10615 master CIKError The clock configuration for the clock
master isinvalid.

-10616 slaveCIKError The clock configuration for the clock
daveisinvalid.

-10617 noCIkSrcError No source signal has been assigned to
the clock resource.

-10618 badCIkSrcError The specified source signal cannot be
assigned to the clock resource.

-10619 multCIkSrcError A source signal has already been
assigned to the clock resource.

-10620 noTrigError No trigger signal has been assigned to
the trigger resource.

-10621 badTrigError The specified trigger signal cannot be
assigned to the trigger resource.

-10622 preTrigError The pretrigger modeis not supported or
isnot availablein the current
configuration, or no pretrigger source
has been assigned.

-10623 postTrigError No posttrigger source has been
assigned.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10624

delayTrigError

The delayed trigger mode is not
supported or is not availablein the
current configuration, or no delay
source has been assigned.

-10625

master TrigError

Thetrigger configuration for the trigger
master isinvalid.

-10626

slaveTrigError

Thetrigger configuration for the trigger
daveisinvalid.

-10627

noTrigDrvError

No signal has been assigned to the
trigger resource.

-10628

multTrigDrvError

A signal has already been assigned to
the trigger resource.

-10629

invalidOpM odeError

The specified operating modeisinvalid,
or the resources have not been
configured for the specified operating
mode.

-10630

invalidReadError

The parameters specified to read data
wereinvalid in the context of the
acquisition. For example, an attempt
was made to read O bytes from the
transfer buffer, or an attempt was made
to read past the end of the transfer
buffer.

-10631

nol nfiniteM odeError

Continuousinput or output transfersare
not allowed in the current operating
mode.

-10632

somel nputsl gnoredError

Certain inputs were ignored because
they are not relevant in the current
operating mode.
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Appendix A Status Codes

Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10633

invalidRegenM odeError

The specified analog output
regeneration mode is not allowed for
this board.

-10634

noContTransfer | nProgressError

No continuous (double-buffered)
transfer isin progress for the specified
resource.

-10635

invalidSCXIOpM odeError

Either the SCXI operating mode
specified in a configuration cal is
invalid, or amodule isin the wrong
operating mode to execute the function
cal.

-10636

noContWithSynchError

Y ou cannot start a continuous
(double-buffered) operation with a
synchronous function call.

-10637

buffer AlreadyConfigError

Attempted to configureabuffer after the
buffer had already been configured. Y ou
can configure a buffer only once.

-10680

badChanGainError

All channels of thisboard must havethe
same gain.

-10681

badChanRangeError

All channels of thisboard must havethe
same range.

-10682

badChanPolarityError

All channels of this board must be the
same polarity.

-10683

badChanCouplingError

All channels of thisboard must havethe
same coupling.

-10684

badChanlnputM odeError

All channels of thisboard must havethe
same input mode.

-10685

clkExceedsBrdsM axConvRateEr ror

The clock rate exceeds the board's
recommended maximum rate.
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A-17

NI-DAQ FRM for PC Compatibles



Appendix A Status Codes

Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10686

scanListlnvalidError

A configuration change has invalidated
the scan list.

-10687

bufferInvalidError

A configuration change has invalidated
the acquisition buffer, or an acquisition
buffer has not been configured.

-10688

noTrigEnabledError

Thenumber of total scansand pretrigger
scansimpliesthat atriggered start is
intended, but triggering is not enabled.

-10689

digitalTrigBError

Digital trigger B isillegal for the
number of total scans and pretrigger
scans specified.

-10690

digitalTrigAandBError

This board does not allow digital
triggers A and B to be enabled at the
sametime.

-10691

extConvRestrictionError

This board does not allow an externa
sample clock with an external scan
clock, start trigger, or stop trigger.

-10692

chanClockDisabledError

The acquisition cannot be started
because the channel clock is disabled.

-10693

extScanClockError

Y ou cannot use an external scan clock
when doing asingle scan of asingle
channel.

-10694

unsafeSamplingFreqError

The sample frequency exceeds the safe
maximum rate for the hardware, gains,
and filters used.

-10695

DM AnNotAllowedError

Y ou have set up an operation that
reguires the use of interrupts. DMA is
not allowed. For example, some DAQ
events, such as messaging and
LabVIEW occurrences, require
interrupts.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10696

multiRateM odeError

Muulti-rate scanning cannot be used with
the AMUX-64, SCXI, or pretriggered
acquisitions.

-10697

rateNotSupportedError

Unable to convert your
timebase/interval pair to match the
actual hardware capabilities of this
board.

-10698

timebaseConflictError

Y ou cannot use this combination of scan
and sample clock timebases for this
board.

-10699

polarityConflictError

Y ou cannot use this combination of scan
and sample clock source polarities for
this operation and board.

-10700

signalConflictError

Y ou cannot use this combination of scan
and convert clock signal sourcesfor this
operation and board.

-10701

nol ater UpdateError

The call had no effect because the
specified channel had not been set for
later internal update.

-10702

prePostTrigger Error

Pretriggering and posttriggering cannot
be used simultaneously on the Lab and
1200 series devices.

-10710

noHandshakeM odeError

The specified port has not been
configured for handshaking.

-10720

noEventCtrError

The specified counter is not configured
for event-counting operation.

-10740

SCXITrackHoldError

A signal has already been assigned to
the SCXI track-and-hold trigger line, or
acontrol call wasinappropriate because
the specified module is not configured
for one-channel operation.

© National Instruments Corporation A-19

NI-DAQ FRM for PC Compatibles



Appendix A Status Codes

Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10780

sc2040I nputM odeErr or

When you have an SC2040 attached to
your device, al analog input channels
must be configured for differential input
mode.

-10781

outputTypeMustBeVoltageError

The polarity of the output channel
cannot be bipolar when outputting
currents.

-10782

sc2040HoldM odeError

The specified operation cannot be
performed with the SC-2040 configured
in hold mode.

-10783

calConstPolarityConflictError

Calibration constants in the load area
have a different polarity from the
current configuration. Therefore, you
should load constants from factory.

-10800

timeOutError

The operation could not complete
within the time limit.

-10801

calibrationError

An error occurred during the calibration
process.

-10802

dataNotAvailError

The requested amount of data has not
yet been acquired.

-10803

transfer StoppedError

Thetransfer has been stopped to prevent
regeneration of output data.

-10804

earlyStopError

The transfer stopped prior to reaching
the end of the transfer buffer.
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Appendix A Status Codes

Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10805

overRunError

The clock source for the input task is
faster than the maximum clock rate the
device supports. If you areallowing the
driver to calculate the analog input
channel clock rate, the driver bases the
clock rate on the board type; so you
should check that your board typeis
correct in the configuration utility.

-10806

noTrigFoundError

No trigger value was found in the input
transfer buffer.

-10807

earlyTrigError

The trigger occurred before sufficient
pretrigger data was acquired.

-10808

LPTCommunicationError

An error occurred in the parallel port
communication with the DAQ device.

-10809

gateSignalError

Attempted to start a pulse width
measurement with the pulsein the phase
to bemeasured (for example, high phase
for high-level gating).

-10840

internalDriverError

An unexpected error occurred inside the
driver when performing this given
operation.

-10841

firmwareError

The firmware does not support the
specified operation, or the firmware
operation could not complete due to a
data-integrity problem.

-10842

hardwareError

The hardware is not responding to the
specified operation, or the response
from the hardwareis not consistent with
the functionality of the hardware.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10843

under FlowError

Because of system limitations, the
driver could not write data to the device
fast enough to keep up with the device
throughput.

-10844

underWriteError

New data was not written to the output
transfer buffer before the driver
attempted to transfer the data to the
device.

-10845

over FlowError

Because of system limitations, the
driver could not read data from the
device fast enough to keep up with the
device throughput; the onboard device
memory reported an overflow error.

-10846

overWriteError

Thedriver wrote new datainto theinput
transfer buffer before the previously
acquired data was read.

-10847

dmaChainingError

New buffer information was not
available at the time of the DMA
chaining interrupt; DMA transferswill
terminate at the end of the currently
active transfer buffer.

-10848

noDMACountAvailError

The driver could not obtain avalid
reading from the transfer-count register
in the DMA controller.

-10849

OpenFileError

The configuration file could not be
opened.

-10850

closeFileError

Unable to close afile.

-10851

fileSeekError

Unable to seek within afile.

-10852

readFileError

Unable to read from afile.

-10853

writeFileError

Unable to write to afile.
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Table A-1. Status Code Summary (Continued)

Status Code

Status Name

Description

-10854

miscFileError

An error occurred accessing afile.

-10855

osUnsupportedError

NI-DAQ does not support the current
operation on this particular version of
the operating system.

-10856

osError

An unexpected error occurred from the
operating system while performing the
given operation.

-10857

internalKernelError

An unexpected error occurred inside the
kernel while performing this operation.

-10880

updateRateChangeError

A change to the update rate is not
possible at this time because 1) when
waveform generationisin progress, you
cannot change the interval timebase or
2) when you make several changesin a
row, you must give each change enough
time to take effect before requesting
further changes.

-10881

partial Transfer CompleteError

Y ou cannot do another transfer after a
successful partia transfer.

-10882

dagPollDatal ossError

The data collected on the remote SCXI
unit was overwritten before it could be
transferred to the buffer in the host. Try
using a slower data acquisition rate if
possible.

-10883

wfmPollDatal ossEr ror

New data could not be transferred to the
waveform buffer of the remote SCXI
unit to keep up with the waveform
update rate. Try using a slower
waveform update rate if possible.

-10884

pretrigReorderError

Could not rearrange data after a
pretrigger acquisition compl eted.
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Table A-1. Status Code Summary (Continued)

Status Code Status Name Description

-10920 gpctrDatal ossError One or more data points may have been
lost during buffered GPCTR operations
due to speed limitations of your system.

-10940 chassisResponseTimeoutError No response was received from the
remote SCXI unit within the specified
time limit.

-10941 reprogrammingFailedError Reprogramming the remote SCXI unit
was unsuccessful. Please try again.

-10942 invalidResetSignatureError Aninvalid reset signature was sent from
the host to the remote SCXI unit.

-10943 chassisL ockupError Theinterrupt service routine on the

remote SCXI unit istaking longer than
necessary. Y ou do not need to reset your
remote SCXI unit; however, pleaseclear
and restart your data acquisition.
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Analog Input Channel and
Gain Settings and Voltage

Calculation

Appendix

This appendix liststhe valid channel and gain settingsfor DAQ boards,
describes how NI-DAQ calculates voltage, and describes the
measurement of offset and gain adjustment.

DAQ Device Analog Input Channel Settings

Table B-1 lists the valid analog input (ADC) channel settings. If you
have one or more AMUX-64T boards and an MIO board, see
Chapter 10, AMUX-64T External Multiplexer Device, in the DAQ
Hardware Overview Guide for more information.

Table B-1. Valid Analog Input Channel Settings

Device Settings
Single-ended Differential
Configuration Configuration
MIO and Al devices (except 0-15 07
AT-MIO-64E-3, AT-MIO-64F-5, and
DAQPad-MI0-16X E-50)
AT-MIO-64F-5 0-63 0-7 and 16-39
AT-MIO-64E-3, 0-63 0-7, 16-23, 32-39, 48-55
Lab and 1200 Series devices 07 0,2,4,6
LPM devices 0-15 N/A
DAQCard-700 0-15 0—7
516 devices, DAQCard-500 07 0-3 (516 devices only)
VXI-MIO-64E-1 and 0-63 and 0-7, 16-23, 32-39,
VXI-MIO-64XE-10 ND VXI _SC Al 48-55
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Appendix B Analog Input Channel and Gain Settings and Voltage Calculation

Table B-1. Valid Analog Input Channel Settings

Device Settings
Single-ended Differential
Configuration Configuration
DAQPad-MI0-16X E-50 0-15and ND_CJ_TEMP' | 0-7and ND_CJ_TEMP'

Functions, for more information.)

 Pascal programmers—NI DAQCNS. PAS

ND_CJ_TEMPand ND_VXI _SC Al are constants that are defined in the following header files:
» C programmers—NI DAQCNS. H (DATAACQ. Hfor LabwWindows/CV1)

* BASIC programmers—NI DAQCNS. | NC (Visual Basic for Windows programmers should
refer to the Programming Language Considerations section in Chapter 1, Using the NI-DAQ

DAQ Device Gain Settings

Table B-2 lists the valid gain settings for DAQ devices.

Table B-2. Valid Gain Settings

Device Valid Gain Settings
AT-MIO-16L, AT-MIO-16DL 1, 10, 100, 500
AT-MIO-16H, AT-MIO-16DH 1,2,4,8

AT-MIO-16F-5, AT-MI0O-64F-5, and
most E Series devices

-1 (for again of 0.5), 1, 2, 5, 10, 20, 50, 100

NEC-AI-16XE-50 and PCI-MI0O-16XE-50

AT-MIO-16XE-50, DAQCard-Al-16X E-50,
DAQPad-M10-16XE-50, NEC-MI0O-16XE-50,

1, 2,10, 100

AT-MI0-16X, PCI-MI0-16XE-10, and
Lab and 1200 Series devices

1, 2,5, 10, 20, 50, 100

DAQCard-500/700, 516 and L PM devices

gainisignored because gain is always 1
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Voltage Calculation

Al _VScal e and DAQ_VScal e calculate voltage from reading as

follows:

_ meading—offsetp, maxV olt 0
voltage = maxReading mis [Hain x gainAdjustU
where:

* maxReading is the maximum binary reading for the given board,
channel, range, and polarity.

* maxVolt isthe maximum voltage the board can measure at again
of 1 in the given range and polarity.

Table B-3 lists the values of maxReading and maxVolt for different
boards.

Table B-3. The Values of maxReading and maxVolt

Device Unipolar Mode Bipolar Mode
maxReading | maxVolt | maxReading maxVolt
MIO-16, AT-MIO-16D 4,096 * 2,048 *
AT-MIO-16F-5, 4,096 0V 2,048 5V

AT-MI0O-64F-5, and
most E Series devices

16-bit E Series devices and 65,536 10V 32,768 10V
AT-MIO-16X

Lab-PC+, Lab-PC-1200, 4,096 0V 2,048 5V
Lab-PC-1200Al,
DAQPad-1200,
DAQCard-1200,
PCI-1200

DAQCard-700, LPM devices 4,096 * 2,048 *

516 devices N/A N/A 32,768 5V
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Table B-3. The Values of maxReading and maxVolt (Continued)

Device Unipolar Mode Bipolar Mode
maxReading | maxVolt maxReading maxVolt
DAQCard-500 N/A N/A 2,048 5V

* The value of maxVolt depends on inputRange, as discussed in Al _Conf i gur e.

For the PC-LPM-16 and DAQCard-1200, gain isignored, and the
following formulais used:

reading —offsetp
U maxReading U

voltage = x (maxVolt)

Offset and Gain Adjustment

Measurement of Offset

To determine the offset parameter used inthe Al _VScal e and
DAQ VScal e functions, follow this procedure:

1. Ground analog input channel i, wherei can be any valid input
channel.

2. Call the Al _Read function with gain set to the gain that will be
used in your real acquisition (g). The reading given by the
Al _Read function is the value of offset. The offset isonly valid
for the gain setting at which it was measured. Remember that the
data type of offset inthe Al _VScal e and DAQ_VScal e
functionsisfloating point, soif youuse Al _Read to get the offset,
you will have to typecast it before passing it to the scale function.

Note: Another way to read the offset isto perform multiplereadingsusing a DAQ
function call and average them to be more accurate and reduce the effects
of noise.

NI-DAQ FRM for PC Compatibles B-4 © National Instruments Corporation




Appendix B Analog Input Channel and Gain Settings and Voltage Calculation

Measurement of Gain Adjustment

To determine the gainAdjust parameter used in the Al _VScal e and
DAQ VScal e functions, follow this procedure:

1. Connect the known voltage Vi to channel i.

2. Cadl the Al _Read function with gain equal to g. Use the reading
returned by Al _Read with the offset value determined above to
calculate the real gain.

Note: You can use the DAQ functions to take many readings and average them
instead of using the Al _ Read function.

Thereal gainis computed as follows:

G = reading —offset maxVolty

R~ UmaxReading U U v, [

The gain adjustment is computed as follows:

(g—GRT

gainAdjust = {1— g
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Appendix

NI-DAQ Function Support

This appendix contains tables that show which DAQ hardware each
NI-DAQ function call supports.

The NI-DAQ functions are listed in alphabetical order. A check mark
indicates the hardware that the function supports. If you attempt to call
an NI-DAQ function using a device that the function does not support,
NI-DAQ returns a deviceSupportError.

Table C-1 lists the NI-DAQ functions for plug-in DAQ boards and
cards and SCX| DAQ and control modules. Table C-2 lists the SCXI
functions used with SCX1 modules and compatible DAQ boards.
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Appendix G NI-DAQ Function Support

Table C-1. NI-DAQ Functions (Continued)

Device

VXI-DIO-128

v

VXI-AO-48XDC

v

1200 Series

PC-TIO-10

PC-OPDIO-16

DI0O-24 and DIO-96 Series

MIO E Series

Lab-PC+

DAQCard-500/700

AT-MIO-64F-5

AT-MIO-16X

AT-MIO-16F-5

AT-MIO-16D

AT-MIO-16

DIO-32HS Series

v

Vv
Vv
v
Vv
Vv
v
Vv
Vv
v

AT-DIO-32F

v

Vv
Vv
v
Vv
Vv
v
Vv
Vv
v
Vv

AT-AO-6/10

AO-2DC Series

Al E Series

VIVIVIVIVIVIVIVIV[VIV|VIVIV[VIV]|V]V]V
VIVIVIVIVIVIVIVIV[VIV|VIVIV|VIV|V]V]V
VIVIVIVIVIVIVIVIV[VIV|VIVIV|VIV|V]V]V

54X X Series

516 and LPM Devices

Vv
Vv
Vv

Function

DI G Bl ock d ear

DI G Bl ock Check

DI G Block In

DI G Bl ock_ Qut

9

y
9

9

DI G DB Hal f Read
p

p
DI G Qut _Line

DI G I n_Line

p_Status

p_Config
DGIn G

p_Mode

DG &
DIG In Port

DI G Li ne_Confi

DI G Bl ock PG Confi
DG Qut G

DI G _DB_Confi

DI G_ DB Transfer
DG G

DGG
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Appendix G NI-DAQ Function Support

Table C-1. NI-DAQ Functions (Continued)

VXI-DIO-128
VXI-AO-48XDC
1200 Series |+ [+ [+ ~ ~
PC-TIO-10
PC-OPDIO-16
DIO-24 and DIO-96 Series
MIO E Series - >~
Lab-PC+ |» [+ = -
DAQCard-500/700 |+ [+ [+~ ~
g AT-MIO-64F-5 > >
3 AT-MIO-16X - > > >
o AT-MIO-16F-5 > [+ > ~ [+ >
AT-MIO-16D ~ ~ [+ >
AT-MIO-16 ~ ~ [+ >
DIO-32HS Series ~ [~~~
AT-DIO-32F ~ ~ [+
AT-AO-6/10 ~ [~ [~
AO-2DC Series
Al E Series - >~
54X X Series
516 and LPM Devices |> [+ > |* ~
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Table C-1. NI-DAQ Functions (Continued)

VXI-DIO-128 ~
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PC-TIO-10
PC-OPDIO-16
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Table C-1. NI-DAQ Functions (Continued)

Appendix C  NI-DAQ Function Support

Device

VXI-DIO-128

VXI-AO-48XDC

1200 Series

TF
Tt
Tt

PC-TIO-10

PC-OPDIO-16

DI0O-24 and DIO-96 Series

MIO E Series

v
Vv
v

Lab-PC+

v
Vv
v

DAQCard-500/700

AT-MIO-64F-5

AT-MIO-16X

AT-MIO-16F-5

AT-MIO-16D

AT-MIO-16

VIVIVIVI]V
VIVIVIV|V
VIVIVIV|V

DIO-32HS Series

AT-DIO-32F

AT-AO-6/10

Vv
v

AO-2DC Series

Al E Series

54X X Series

t All E Series devices except for XE-50 devices.

516 and LPM Devices

Function

VWM
VWM Rat e

WFM Scal e

* AT-MIO-16DE-10 onl

TTExcept for 1200A1

** LPM devices only

y
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Appendix G NI-DAQ Function Support

Table C-2. SCXI Function and Hardware Support

Module Device
©
8
S
Function g
o
<
[a)
g
gl 5
S 3-3/
82 Z o 2 g
<5 2|3 g |3
> @ 2RI [Blels <28
SYRRNFERIEBRBIER| . .[slex8|e
| [ [ [ [ 'NUEBHNUB
o indinld indind indied ind el nd el ind - 2ot S gt =Bnd gl
XIXIXIXIXERERXIXXXXEZKIACole X|0=
FRBBRBBRIBRBRBEBREEEREE
SCXI_AO Wite v
SCXI _Cal _Constants VAR VIVIVI]V
SCXI _Cal i brate_Setup VIV V]V v
SCXI _Change_Chan VIVI{V|V]V ViV
SCXI _Configure_Filter v v
SCXI _Get _Chassis_Info [V[V[V|V|V|V|V|V|V|VI]VI][V]V
SCXI _Get _Mbdul e_Info VIVIVIVIVIVIVV|V|V]V]V]V]|V
SCXI _Get_State VIV|VIV
SCXI _Get_St at us N v v
SCXI _Load_Config VIVIVIVIVIVIVIV|VIVIV]V]V]V VIV VOV
SCXI _Modul el D_Read VIVIVIVIVIVIVIVIVIVIV]V]V]V
SCXI _MuxCtr_Setup v v |V
SCXI _Reset VIVIVIVIVIVIVIV|VIV[V]V]V]V
SCXI _Scal e VIVIVIVIV] V]V v |V v (VY
SCXI _SCAN_Set up VIVIVIVI]VY V]V v v |V
SCXI _Set_Config VIVIVIVIVIVIVIV|VIVIV]V]V VIV VOV
SCXI _Set_Gain N v v
SCXI _Set _I nput _Mode v
SCXI _Set_State ViV v
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Appendix G NI-DAQ Function Support

Table C-2. SCXI Function and Hardware Support

Device

$901/00 Nd T

S0 |V PUe OIIN

v

ViV
ViV

(002T-1X0S
pUe 00ZT-Pedd VA 1089%9) 901/ 00ZT PUe g

S01ed old

00.-Pe20Vvd

odc-ov

00ZT-IX3S

Module

0STT-OS-IXA

HEITT/EITT-IXDS

AHZITT/ZITT-IXDS

TITT-IX3S

09TT-1X3S

TPTT-1X3S

v

OFTT-IX3S

v

YZ1T-1X0S

CcrT-1X3Ss

TZTT-1X3S

dozTT-1X0S ‘02TT-1X0S

2OTT-OS-IXA 20TT-1X0S

00TT-IX3S

VIVIVI[V]V

Function

Si ngl e_Chan_Set up

SCXT_

Track Hol d_Control

SCXI

Track_Hol d_Setu

p

SCXI
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Click here to comment on this document via
the National Instruments website at
http://www.natinst.com/documentation/dag/ Appendix

Customer Communication

For your convenience, this appendix contains formsto help you gather the information necessary
to help us solve your technical problems and aform you can use to comment on the product
documentation. When you contact us, we need the information on the Technical Support Form
and the configuration form, if your manual contains one, about your system configuration to
answer your questions as quickly as possible.

National Instruments has technical assistance through electronic, fax, and telephone systems to
quickly provide the information you need. Our electronic services include a bulletin board
service, an FTP site, a Fax-on-Demand system, and e-mail support. |f you have a hardware or
software problem, first try the electronic support systems. |If the information available on these
systems does not answer your questions, we offer fax and tel ephone support through our technical
support centers, which are staffed by applications engineers.

Electronic Services

Bulletin Board Support

National Instruments has BBS and FTP sites dedicated for 24-hour support with a collection of
files and documents to answer most common customer questions. From these sites, you can also
download the latest instrument drivers, updates, and example programs. For recorded instructions
on how to use the bulletin board and FTP services and for BBS automated information, call
(512) 795-6990. Y ou can access these services at:

United States: (512) 794-5422
Up to 14,400 baud, 8 data bits, 1 stop bit, no parity

United Kingdom: 01635 551422
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

France: 01 48 65 15 59
Up to 9,600 baud, 8 data bits, 1 stop bit, no parity

FTP Support

To accessour FTP site, log onto our Internet host, f t p. nat i nst . com asanonynous and use
your Internet address, such asj oesmni t h@nywher e. com asyour password. The support files
and documents are located in the / support directories.

© National Instruments Corporation D-1 NI-DAQ FRM for PG Compatibales
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Fax-on-Demand Support

Fax-on-Demand is a 24-hour information retrieval system containing alibrary of documentson a
wide range of technical information. You can access Fax-on-Demand from a touch-tone
telephone at (512) 418-1111.

E-Mail Support (currently U.S. only)

Y ou can submit technical support questions to the applications engineering team through e-mail
at the Internet address listed below. Remember to include your name, address, and phone number
SO we can contact you with solutions and suggestions.

support @atinst.com

Telephone and Fax Support

National Instruments has branch officesall over theworld. Usethelist below to find the technical

support number for your country. If thereisno National Instruments office in your country,
contact the source from which you purchased your software to obtain support.

Telephone

Fax

Australia 03 9879 5166 039879 6277
Austria 0662 45 79 90 0 0662 45 79 90 19
Belgium 02 757 00 20 02 757 03 11
Canada (Ontario) 905 785 0085 905 785 0086
Canada (Quebec) 514 694 8521 514 694 4399
Denmark 45 76 26 00 45 76 26 02
Finland 09 527 2321 09 502 2930
France 0148142424 0148142414
Germany 089 741 31 30 089 714 60 35
Hong Kong 2645 3186 2686 8505
Israel 03 5734815 03 5734816
Italy 02 413091 02 41309215
Japan 03 5472 2970 03 5472 2977
Korea 02 596 7456 02 596 7455
Mexico 5520 2635 5520 3282
Netherlands 0348 433466 0348 430673
Norway 32848400 3284 86 00
Singapore 2265886 2265887
Spain 91 640 0085 91 640 0533
Sweden 08 73049 70 08 7304370
Switzerland 056 200 51 51 056 200 51 55
Taiwan 02 377 1200 02 737 4644
U.K. 01635 523545 01635 523154
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Click here to comment on this document via
the National Instruments website at

Technical Support Form http://www.natinst.com/documentation/dag/

Photocopy thisform and update it each time you make changes to your software or hardware, and
use the completed copy of this form as a reference for your current configuration. Completing
this form accurately before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem,
include the configuration forms from their user manuals. Include additional pages if necessary.

Name

Company

Address

Fax () Phone (___ )

Computer brand Model Processor

Operating system (include version number)
Clockspeed . MHz RAM___ MB Display adapter
Mouse___yes _ no Other adaptersinstalled
Hard disk capacity ~ MB Brand
Instruments used

National Instruments hardware product model Revision

Configuration

National Instruments software product Version

Configuration

The problemis:

List any error messages.

The following steps reproduce the problem:



http://www.natinst.com/documentation/daq/

NI-DAQ for PC Compatibles Hardware and Software
Configuration Form

Record the settings and revisions of your hardware and software on the line to the right of each
item. Complete a new copy of this form each time you revise your software or hardware
configuration, and use this form as a reference for your current configuration. Completing this
form accurately before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

National Instruments Products Click here to comment on this document
via the National Instruments website at

h
DAQ hardware . . _ | on/dag/

Interrupt level of hardware

DMA channels of hardware

Base 1/0O address of hardware

Programming choice
HiQ, NI-DAQ, LabVIEW, or LabWindows version
Other boards in system
Base I/0 address of other boards
DMA channels of other boards

Interrupt level of other boards

Other Products

Computer make and model

Microprocessor

Clock frequency or speed
Type of video board installed
Operating system version

Operating system mode

Programming language

Programming language version

Other boards in system
Base 1/0 address of other boards

DMA channels of other boards

Interrupt level of other boards
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Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our
products. Thisinformation helps us provide quality products to meet your needs.

Title:  NI-DAQ® Function Reference Manual for PC Compatibles

Edition Date:  February 1997 Click here to comment on this document via
the National Instruments website at

Part Number:  321451A-01 http://www.natinst.com/documentation/dag/

Please comment on the completeness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Title

Company

Address

Phone (___ ) Fax ()

Mail to: Technical Publications Fax to: Technical Publications
National Instruments Corporation National Instruments Corporation
6504 Bridge Point Parkway (512) 794-5678

Austin, TX 78730-5039


http://www.natinst.com/documentation/daq/

Glossary

Prefix Meaning Value

n- nano- 109
V2 micro- 106
m- milli- 103
k- kilo- 103
M- mega- 106

Symbols

° degree

< less than or equal to

- minus

+ plus

% percent

Q ohm

% percent

+ plus

- minus

+ plus or minus

© National Instruments Corporation G-1
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Glossary

A

AC alternating current
ACK acknowledge

A/D analog-to-digital

ADC A/D converter

ADF adapter description file
Al Analog Input

AMUX AMUX-64T

API application programming interface
B

BCD binary-coded decimal
C

C Celsius

CPU central processing unit
Cl computing index

D

D/A digital-to-analog

DAC D/A converter

DAQ data acquisition

DC direct current

DIG digital

DIN Deutsche Industrie Norme

NI-DAQ FRM for PC Compatibles G-2 © National Instruments Corporation



DIO
DLL
DMA

DSP

E

EEPROM

EISA

FIFO

Hz

ID
|IEEE
/0

ISA

Kword

LSB

Glossary

digital 1/0
dynamic-dynamic link library
direct memory access

digital signal processing

electronically erasable programmable read-only memory

Extended Industry Standard Architecture

first-in-first-out

hertz

identification
Institute of Electrical and Electronics Engineers
input/output

Industry Standard Architecture

1,024 words of memory

least significant bit

© National Instruments Corporation G-3 NI-DAQ FRM for PC Compatibles



Glossary

M

MB
MC
min

MIO

NC

NO

ouT

PC

pts

RAM
REQ
ROM
rms

RTS

NI-DAQ FRM for PC Compatibles

megabytes of memory
Micro Channel
minutes

multifunction 1/0

Normally Closed

Normally Open

Output

personal computer

points

random-access memory
request

read-only memory

root mean square

Real-Time System Integration

G-4
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Glossary

S

S seconds

SCXI Signal Conditioning eXtensions for Instrumentation
SDK Software Development Kit

Sls samples per second

T

TC terminal count

Vv

\Y, volts

W

WF waveform

X

XMS extended memory specification
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