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About This Manual

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

Assumption of Previous Knowledge

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

Organization of This Manual

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Conventions Used in This Manual

The following conventions are used in this manual.

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

bold italic Denotes a note, caution, or warning.

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

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

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

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

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

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

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

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

<enter> Key names are lowercase.

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

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

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

About the National Instruments Documentation Set

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

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

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

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

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

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

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

Customer Communication

National Instruments wants to receive your comments on our products and manuals. We are interested in the
applications you develop with our products, and we want to help if you have problems with them. To make it easy
for you to contact us, this manual contains comment and configuration forms for you to complete. These forms are
in Appendix F, Customer Communication, at the end of this manual.
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Chapter 1
Getting Started

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

MPW C/C++ for Macintosh

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

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

Zedcor FutureBASIC for Macintosh

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

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

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

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

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

NB-MIO-16X

NB-PRL

NB-TIO-10

PCI-1200

PCI-DIO-96

PCI-MIO-16XE-50

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

NI-DAQ for Macintosh Clones

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

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

*  Board-Specific

*  Analog Input

*  Analog Output

» Digital I/O

* Data Acquisition

* SCXI

*  Counter/Timer

*  RTSI Bus Trigger

*  Waveform Generation

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

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

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

Installing the NI-DAQ Software for Use with LabVIEW

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

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

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

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

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

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

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

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

The NI-DAQ Installer will install two files:

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

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

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

Installing Your National Instruments Hardware

1.

2.

Turn off your Macintosh computer.

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

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

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

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

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

Installing Your SCXI Hardware

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

1.

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

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

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

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

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

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

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

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

Turn on your chassis power.

Turn on your computer.

Installing the NI-DAQ for Macintosh Software

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

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

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

1.

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

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

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

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

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

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

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

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

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

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

Using the NI-DAQ Control Panel to Configure Your
Hardware

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

Devices

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

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

Figure 1-2. The NI-DAQ Control Panel

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

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

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

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

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

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

Device Configuration

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

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

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

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

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

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

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

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

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

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

SCXI Configuration

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

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

v Devices

- v Device Configuration

SCHI Configuration ;.
N Errors

1/0 Subsyst{EMADC U

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

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

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

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

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

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

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

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

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

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

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

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

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

S1==——= NI-DAD0

W[ 4.8.0

Help ] [SCHI Configuration

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

HddresslII

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

Cabled I]eui[:e
Operating Mode|Multiplexed

Channel|=] 0 [
Filter Gain[1000

fnpal Mo

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

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

section.

Using the NI-DAQ for Macintosh Language Interfaces

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

language-specific information.

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

— Apple

— Metrowerks

— National Instruments

— shared

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

the System Folder»Extensions folder on your startup disk.

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

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

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

Include Files

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

* preferred headers

* shared headers

e compatibility headers

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

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

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

Data Types

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

* unsigned, 8-bit integer data

* signed, 16-bit integer data

* unsigned, 16-bit integer data

* signed, 32-bit integer data

* unsigned, 32-bit integer data

*  32-bit floating-point data

*  64-bit floating-point data

*  32-byte string data

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

Error Codes

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

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

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

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

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

e 18 signed, 8-bit integer data

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

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

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

« fo4 64-bit floating-point data

e string32 32-byte string data

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

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

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

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

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

Using NI-DAQ for Macintosh with Pascal

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

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

e 1il6 signed, 16-bit integer data

* pil6 a pointer to an 116

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

e pi32 a pointer to an 132

« 132 32-bit floating-point data

o pf32 a pointer to an f32

NI-DAQ Software Reference Manual for Macintosh 1-14 © National Instruments Corporation



Chapter 1 Getting Started

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

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

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

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

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

Using NI-DAQ for Macintosh with BASIC

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

FN setSourcelanguage (languageTypeé&)

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

The following types are used:

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

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

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

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

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

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

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

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

Board-Specific Functions

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

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

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

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

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

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

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

startup default configuration.

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

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

Get_DAQ_Device_Info Retrieves parameters pertaining to the device operation.

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

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

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

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

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

A2000_Calibrate

Function

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

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

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

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

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

Description

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

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

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

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

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

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

0: channel 0.

1: channel 1.

2: channel 2.

3: channel 3.

extRefVoltage is the voltage of the external reference.

A2000_Config

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

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

Synopsis

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

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

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

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

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

0: Onboard sample clock.

1: External sample clock.

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

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

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

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

0: Dither disabled.

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

0: no block-mode capability.

1: block-mode capability.

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

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

A2100_Calibrate

Function

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

Synopsis

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

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

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

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

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

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

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

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

Function

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

Synopsis

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

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

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

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

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

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

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

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

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

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

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

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

Synopsis

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Function

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

Synopsis

C Syntax

locus 132 Board_Reset (u32 deviceNumber) ;

Pascal Syntax

function Board_Reset (deviceNumber : i32) : 1i32;

BASIC Syntax

FN Board_Reset (deviceNumberé&)

Description

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

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

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

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

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

Analog Input:

number of channels: 8

input mode: differential

polarity: bipolar

input range: -I0Vto 10V

gains: 1 for all channels

multiplexer: internal

external gate: disabled

A/D timing: onboard

external trigger: disabled

pretrigger: disabled
Analog Output:

number of channels: 2

output mode: bipolar

output range: 10V

group configuration: disabled
Digital I/O:

number of lines: 8

input channels: all 8 channels

latching: disabled
Counters:

number of channels: 3

counter channels: 1,2,5

output state: high impedance

latching: disabled
4-Bit Programmable Frequency:

number of channels:

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

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

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

number of lines:
latching:

96
disabled

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

number of lines:
latching:
group configuration:

32
disabled
disabled

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

Analog Output:

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

number of channels:
output mode:

output range:

update mode:

group configuration:
external update edge:

ADCs:

number of channels:
input mode:

gains:

polarity:

input range:

A/D timing:
triggering:

DAC:s:

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

© National Instruments Corporation

6

bipolar

10 volts
immediate update
disabled

falling edge

8

single-ended

1 for all channels
bipolar
S5Vtos5V
onboard
software trigger

2

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

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

Chapter 2

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

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

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

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

Analog Output:

output data source: D/A FIFO

update clock frequency: 48 kHz

digital trigger: disabled

coupling: jumper dependent

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

Analog Input:

number of channels: 4

input channels: 0,1,2,3

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

sample clock frequency:

trigger mode: posttrigger

analog trigger: disabled

digital trigger: disabled

coupling: all channels DC coupled

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

Digital I/O:

number of lines: 16

input channels: all 16 channels

latching: disabled
Counters:

number of counters: 10

counter channels: 1 through 10

output state: high impedance
4-Bit Programmable Frequency:

number of channels:

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

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

number of input lines:
latching:

8

single-ended

1 for all channels
Sto+5V
bipolar

onboard
software trigger

4
4
disabled

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

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

number of input lines:
latching:

16

single-ended

1 for all channels
Sto+5V
bipolar

onboard
software trigger

8
8
disabled

Board-Specific Functions

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

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

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

2
unipolar
10V

16
all 16 channels
disabled

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

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

96
high

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

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

© National Instruments Corporation

2
bipolar
10V
disabled
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Calibrate_1200

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

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

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

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

Synopsis

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

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

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

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

Description
calOp determines the operation to be performed.

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

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

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

Al

saveNewCal is only valid when calOp is 2 or 3.

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

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

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

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

2: User calibration area 2.

3: User calibration area 3.

4: User calibration area 4.

5:  User calibration area 5.

6:  User calibration area 6.

7: Invalid.

8: Invalid.

9.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Calibrate_E_Series

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

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

Synopsis

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

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

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

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

*  BASIC programmers—nidaqg.bas

calOp determines the operation to be performed.

Range:

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

ND_SELF_CALIBRATE: Perform self-calibration of the device.

ND_EXTERNAL_CALIBRATE: Perform external calibration of the device.

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

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

Range:

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

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

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

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

+6.0 to +9.999 V

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

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

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

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

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

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

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

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

Calibrate_E_Series (deviceNumber, ND_SET_DEFAULT_LOAD_AREA,
ND_FACTORY_EEPROM_AREA, 0.0)

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

Example:

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

Calibrate_E_Series (deviceNumber, ND_SELF_CALIBRATE, ND_USER_EEPROM_AREA,
0.0)

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

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

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

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

Example:

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

Calibrate_E_Series (deviceNumber, ND_EXTERNAL_CALIBRATE, ND_NI_DAQ_SW_AREA,
7.0500)

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

Calibration Constant Loading by NI-DAQ

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

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

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

Get_DAQ_Device_Info

Function
Retrieves parameters pertaining to the device operation.

Synopsis

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

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

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

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

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

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

infoType can be one of the following:

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

ND_DATA_XFER_MODE_AO_GR2
ND_DATA_XFER_MODE_GPCTRO
ND_DATA_XFER_MODE_GPCTR1
ND_DATA_XFER_MODE_DIO_GR1
ND_DATA_XFER_MODE_DIO_GR2

to the device.

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

ND_DMA_A LEVEL Level of the DMA channel assigned to the device

ND_DMA_B_LEVEL as channel A, B, and C.

ND_DMA_C_LEVEL ND_NOT_APPLICABLE if not relevant or
disabled.

ND_INTERRUPT_A_ LEVEL Level of the interrupt assigned to the device as

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

ND_COUNTER_1_SOURCE See the Set_DAQ Device_Info function for

details. ND_NOT_APPLICABLE if not relevant
to the device.

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

Master_Slave_Config

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

Synopsis

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

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

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

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

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

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

MIO_16X_Config

Function

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

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

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

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

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

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

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

Function

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

Synopsis

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

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

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

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

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

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

SC_2040_Config

Function

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

Synopsis

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

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

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

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

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

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

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

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

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

SC_2040_Config(deviceNumber, -1, 100)

Example 2:

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

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

SC_2040_Config(deviceNumber, -1, 100)

SC_2040_Config(deviceNumber, 1, 200)

SC_2040_Config(deviceNumber, 2, 200)
( 7,

SC_2040_Config(deviceNumber, 500)

Select_Signal

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

Synopsis

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

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

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

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

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

ND_IN_EXTERNAIL_GATE

ND_OUT_START_TRIGGER
ND_OUT_UPDATE

ND_OUT_UPDATE_CLOCK_TIMEBASE

External gate signal for the DAQ and
SCAN functions

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

Update clock timebase for the wrM
functions

I/0 Connector

ND_PFI_O through PFI_9

ND_GPCTRO_OUTPUT

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

Signal present at the I/O connector pin
GPCTRO_OUTPUT

Pins ND_GPCTR1_OUTPUT Signal present at the I/O connector pin

GPCTRI1_OUTPUT

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

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

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

ND_BOARD_CLOCK

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

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

signal = ND_IN_START_TRIGGER

source sourceSpec

ND_PFI_0 through ND_PFI_9 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW

ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH and ND_HIGH_TO_LOW
ND_GPCTRO_OUTPUT ND_LOW_TO_HIGH and ND_HIGH_TO_LOW

ND_AUTOMATIC ND_DONT_CARE

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

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

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

signal = ND_IN_STOP_TRIGGER

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

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

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

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

signal = ND_IN_EXTERNAL_GATE

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

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

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

signal = ND_IN_SCAN_START

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

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

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

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

signal = ND_ IN_CONVERT

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

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

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

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

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

signal = ND_IN_SCAN_CLOCK_TIMEBASE

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

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

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

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

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

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

signal = ND_OUT_START_TRIGGER

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

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

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

signal = ND_OUT_UPDATE

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

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

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

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

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

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

signal = ND_PFI_0 through ND_PFI_9

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

signal source sourceSpec

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

Use ND_NONE to disable output on the pin.

signal = ND_GPCTRO_OUTPUT

source sourceSpec
ND_NONE ND_DONT_CARE
ND_GPCTRO_OUTPUT ND_LOW_TO_HIGH
ND_RTSI_O through ND_RTSI_6 ND_LOW_TO_HIGH

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

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

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

sourceSpec

ND_NONE

ND_DONT_CARE

ND_GPCTR1_OUTPUT

ND_LOW_TO_HIGH

ND_RESERVED

ND_DONT_CARE

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

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

signal = ND_FREQ_OUT

source

sourceSpec

ND_NONE

ND_DONT_CARE

ND_INTERNAL_10_MHZ

1 through 16

ND_INTERNAL_100_KHZ

1 through 16

Use ND_NONE to disable the output on the pin.

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

signal = ND_RTSI_O0 through ND_RTSI_6

source

sourceSpec

ND_NONE

ND_DONT_CARE

ND_IN_START_TRIGGER

ND_LOW_TO_HIGH

ND_IN_STOP_TRIGGER

ND_LOW_TO_HIGH

ND_IN_CONVERT

ND_HIGH_TO_LOW

ND_OUT_UPDATE

ND_HIGH_TO_LOW

ND_OUT_START_TRIGGER

ND_LOW_TO_HIGH

ND_GPCTRO_SOURCE

ND_LOW_TO_HIGH

ND_GPCTRO_GATE

ND_POSITIVE

ND_GPCTRO_OUTPUT

ND_DONT_CARE

Use ND_NONE to disable output on the RTSI line.

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

general-purpose counter 0.
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signal = ND_RTSI_CLOCK

source sourceSpec

ND_NONE ND_DONT_CARE

ND_BOARD_CLOCK ND_DONT_CARE

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

signal = ND_BOARD_ CLOCK

source sourceSpec

ND_BOARD_CLOCK ND_DONT_CARE

ND_RTSI_CLOCK ND_DONT_CARE

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

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

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

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

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

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

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

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

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

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

Hardware Name Software Name
Al-Related Signals TRIG1 ND_IN_START_TRIGGER

TRIG2 ND_IN_STOP_TRIGGER

STARTSCAN ND_IN_SCAN_START

SISOURCE ND_IN_SCAN_CLOCK_TIMEBASE

CONVERT* ND_IN_CONVERT

AIGATE ND_TIN_EXTERNAIL_GATE

SI2SOURCE ND_IN_CHANNEL_CLOCK_TIMEBASE
AO-Related Signals WFTRIG ND_OUT_START_TRIGGER

UPDATE* ND_OUT_UPDATE

AOGATE ND_OUT_EXTERNAL_GATE

UISOURCE ND_OUT_UPDATE_CLOCK_TIMEBASE

AO2GATE —

UI2SOURCE —

Set_DAQ_Device_Info

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

Synopsis

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

C Syntax

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

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

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

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

*  BASIC programmers—nidag.bas

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

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

infoType

Description

ND_DATA_XFER_MODE_ATI

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

ND_DATA_XFER_MODE_AO_GR1
ND_DATA_XFER_MODE_AO_GR2

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

ND_DATA_XFER_MODE_GPCTRO
ND_DATA_XFER_MODE_GPCTR1

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

ND_DATA_XFER_MODE_DIO_GR1
ND_DATA_XFER_MODE_DIO_GR2

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

ND_SC_2040_MODE

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

ND_SC_2043_MODE

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

ND_COUNTER_1_SOURCE

Used to select a source for counter 1 on the

DAQCard-700.
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infoValue

Description

ND_INTERRUPTS

NI-DAQ will use interrupts for data transfers.

ND_UP_TO_1_DMA_CHANNEL

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

ND_NO_TRACK_AND_HOLD

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

ND_TRACK_AND_HOLD

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

ND_NONE

Cancels the effects of having accidentally called
the SC_2040_Config function.

ND_STRAIN_GAUGE

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

ND_STRAIN_GAUGE_EXO

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

ND_NO_STRAIN_GAUGE

Disables the SC-2043-SG accessory.

ND_INTERNAL_TIMER

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

ND_TIO_CONNECTOR

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

hold.
2With ND_NO_TRACK_AND_HOLD.

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

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

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

transfer mode for each device.

ND_DATA_XFER_MODE_AO_GR1

Device Type infoType infoValue

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

NB-DIO-32F ND_DATA_XFER_MODE_DIO_GR1| ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

ND_DATA_XFER_MODE_DIO_GR2| ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

NB-A2100 ND_DATA_XFER_MODE_AT ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

ND_DATA_XFER_MODE_AO_GR1 ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

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

NB-MIO-16X ND_DATA_XFER_MODE_AT ND_INTERRUPTS

ND_UP_TO_1_DMA_CHANNEL*

ND_INTERRUPTS
ND_UP_TO_1_DMA_CHANNEL*

PCI-MIO-16XE-50

ND_DATA_XFER_MODE_AT

ND_DATA_XFER_MODE_AO_GR1
ND_DATA_XFER_MODE_GPCTRO
ND_DATA_XFER_MODE_GPCTR1

ND_INTERRUPTS*
ND_INTERRUPTS*
ND_INTERRUPTS*
ND_INTERRUPTS*

DAQCard-500
DAQCard-700

ND_DATA_XFER_MODE_AT

ND_INTERRUPTS*

NB-A2000

ND_DATA_XFER_MODE_ATI

ND_INTERRUPTS
UP_TO_1_DMA_CHANNEL*

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

DATA_XFER_MODE_AT
DATA_XFER_MODE_AO_GR1

ND_INTERRUPTS*
ND_INTERRUPTS*

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

it is available.
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Chapter 3
Analog Input Functions

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

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

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

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

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

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

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

* 0to+10V (unipolar)

* -5to+5 V (bipolar)

* -10to +10 V (bipolar)

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

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

NB-MIO-16X Analog Input

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

* 0to+5V (unipolar)

* -5to+5 V (bipolar)

* -10to +10 V (bipolar)

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

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

Lab and 1200 Series Analog Input

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

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

*  0to+10V (unipolar)

e -5to+5 V (bipolar)

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

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

Table 3-1. Analog Input Ranges

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

NI-DAQ Software Reference Manual for Macintosh 3-2 © National Instruments Corporation



Chapter 3 Analog Input Functions

DAQCard-500 and DAQCard-700 Analog Input

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

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

e -25t0+25V

* Sto+5V

e -10to+10V

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

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

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

SCXI Analog Input

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

Single-Channel Analog Input Function Summary

The following functions are for analog input operations:

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

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

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

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

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

AI_Check Returns the status of the analog input circuitry and an analog input reading, if available.
AT_Clear Clears the analog input circuitry and A/D FIFO memory.
AI_Setup Selects an analog input channel and gain setting for externally pulsed conversion operations.

© National Instruments Corporation 3-3  NI-DAQ Software Reference Manual for Macintosh



Analog Input Functions Chapter 3

The following function configures one or more external multiplexer boards:
AT _Mux_Config Configures the number of multiplexer (AMUX-64T) boards connected to an MIO board.

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

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

AI_Config

AI_Scale

Figure 3-1. Flowchart for Analog Input Readings

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

AI_Setup

]

N

|

AI_Clear

external sample
P clock pulse(s)

AI_Check

4
U

AI_Scale

'I
.T

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

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

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

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

Synopsis

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

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

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

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

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

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

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

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

AI_Clear

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

Synopsis

C Syntax locus i32 AI_Clear (u32 deviceNumber);

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

BASIC Syntax | FN AI_Clear (deviceNumberé&)

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

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

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

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

Synopsis

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

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

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

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

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

0: Differential (DIFF) configuration (default).

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

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

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

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

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

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

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

0: Do not drive AISENSE to ground.

1:  Drive AISENSE to ground.

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

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

AI_Mux_Config

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

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

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

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

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

This function is not for use with SCXI.

AI_Read

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

Synopsis

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

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

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

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

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

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

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

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

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

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

Al Read_Scan

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

Synopsis

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

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

BASIC Syntax | FN AI_Read_Scan(deviceNumber&, reading)

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

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

AI_Setup

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

© National Instruments Corporation 3-9  NI-DAQ Software Reference Manual for Macintosh



Analog Input Functions Chapter 3

Synopsis

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

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

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

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

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

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

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

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

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

AI_VScale

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

Synopsis

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

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

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

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

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

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

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

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

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

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

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

Multiple-Channel Analog Input (MAI)

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

NB-A2000 Analog Input

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

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

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

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

NB-A2100 Analog Input

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

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

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

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

NB-A2150 Analog Input

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

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

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

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

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

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

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

Multiple-Channel Analog Input Function Summary

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

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

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

MAI_Coupling Selects coupling for all channels with programmable coupling.

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

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

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

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

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

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

e AC coupling on all input channels

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

* Internal, onboard sample clock used

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

*  DC coupling on both input channels

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

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

*  DC coupling on all four input channels

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

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

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

need to be changed.

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

default:
all channels selected for scanning

N

MAI_Read

—| MAI_Scale

|

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

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

Buffered Analog Input

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

Externally Clocked Analog Input (NB-A2000)

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

MAI_Coupling
defaults:

AC coupling on all channels

MAI_Setup
defaults:
all four channels selected for scanning

external sample
clock pulse(s)

MAI_Read

e| MAI_Scale I

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

MAI Arm

Function

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

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

Description

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

mode indicates whether external pulses are used.

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

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

MAI_Clear

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

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

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

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

MAI_Coupling

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

*coupling);

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

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

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

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

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

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

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

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

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

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

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

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

MAI Read

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

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

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

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

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

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

MAI_Scale

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

Synopsis

C Syntax locus i32 MAI_Scale(u32 deviceNumber, u32 count, 1il6 *readings, £32
*voltages) ;

Pascal Syntax function MAI_Scale(deviceNumber : i32; count : 132; readings :
pil6; voltages : pf32) : i32;

BASIC Syntax | FN MAI_Scale(deviceNumber&, count&, readingsé&, voltagesg)

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

count is the total number of scans in the values array.
readings is an array of acquired 12-bit or 16-bit binary data.

voltages is an array of 32-bit floating point values that is returned corresponding to the actual input voltages
measured.

MAI_Scale calculates voltages from readings as follows:
For the NB-A2000: voltages[i] = readings[i] + 5/ 2,048.
For the NB-A2100 and NB-A2150: voltages[i] = readings[i] + 2 828/ 32,768.

Note: MATI_Scale assumes that all the settings that were in effect during the data acquisition are the
same settings that are in effect when the data is being scaled. If data is logged to disk and then read
later for scaling, the MAI_Setup function needs to be called before scaling if the settings have been
changed.

NI-DAQ Software Reference Manual for Macintosh 3-18 © National Instruments Corporation



Chapter 3 Analog Input Functions

MAI_Setup

Function
Selects the analog input channels read, sets the gain per channel, and sets the multiplexing rate between
channels for all analog input operations—affects single read multiple-channel analog input (MAI functions) and
multiple-channel data acquisition operations (MDAQ functions).

Synopsis

locus i32 MAI_Setup(u32 deviceNumber, u32 channelCount, ulé6
*channels, ul6 *gains, u32 muxInterval, u32 timebase, u32
muxMode) ;

C Syntax

Pascal Syntax function  MAI_Setup (deviceNumber : i32; channelCount : 1i32;
channels : pil6; gains : pil6; muxInterval : i32;
timebase : 132; muxMode : i32) : i32;

BASIC Syntax

FN MAI_Setup (deviceNumberé&, channelCounté&, channelsé&, gainsg,
muxIntervalé&, timebaseé&, muxMode&)

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

channelCount is the number of onboard channels to be scanned when sampling the analog input.
Valid values for the NB-A2000 and the NB-A2150:

1,2, 4.
The following values of channelCount are valid for the NB-A2100:

1,2.

channels is an integer array of length channelCount that contains a listing of the analog input channels to be
scanned. Tables 3-3 and 3-4 outline the valid combinations and ordering of channels.

Table 3-2. Valid channelCount and channels Settings for the NB-A2000 and the NB-A2150

channelCount channels entries
1 channels[0] =0 or 1 or2 or 3 samples a single analog input
2 channels[0] = 0, channels[1] = 1, or samples two analog inputs
channels[0] = 2, channels[1] =3
4 channels[0] = 0, channels[1] = 1, samples all analog inputs
channels[2] = 2, channels[3] = 3 (default setting)
Table 3-3. Valid channelCount and channels Settings for the NB-A2100
channelCount channels entries
1 channels[0] =0 or 1 samples a single analog input
2 channels[0] = 0, channels[1] = 1, or samples both analog inputs
channels[0] = 1, channels[1] =0 (default setting)

gains is an integer array of length channelCount that contains a gain setting for each channel selected in
channels. The NB-A2000, NB-A2100, and NB-A2150 have a fixed gain of 1; therefore, the gains value is
ignored for these boards.

© National Instruments Corporation 3-19 NI-DAQ Software Reference Manual for Macintosh



Analog Input Functions Chapter 3

muxlInterval is the input multiplexer switching time interval, that is, the time lapse between when each
successive channel in channels is sampled. The multiplexer switching time interval is a function of the
timebase resolution selected by timebase. The actual interval in seconds is determined by the following
formula:

muxInterval * (timebase resolution)

For the NB-A2000, NB-A2100, and NB-A2150, set muxInterval to 0 because these boards simultaneously
sample their input channels.

timebase is the resolution to use for the multiplexer switching interval. Because muxInterval is always set to 0
for the NB-A2000, NB-A2100, and NB-A2150, timebase is ignored.

muxMode indicates the number of external multiplexer boards connected to the board. For the NB-A2000,
NB-A2100, and NB-A2150, set muxMode to 0 since the boards do not use an external multiplexer board.

The NB-A2000 and NB-A2150 are initially configured at system startup to sample all four input channels as
shown in the last row of Table 3-2. The NB-A2100 is initially configured at system startup to sample both input
channels as shown in the last row of Table 3-3. MATI_Setup is only needed if you want to sample fewer
channels or the configured input channels have been changed.
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Analog Output Functions

This chapter describes the functions for single D/A conversions.

The Analog Output functions cover single D/A conversions. Multiple D/A operations functions can be performed
with the Waveform Generation functions (see Chapter 10, Waveform Generation Functions). See Appendix A to
determine what functions your board supports.

If you are using the SCXI-1124 analog output module, you need to use the SCXI functions described in Chapter 7,
SCXI Functions, instead of the Analog Output Functions.

Analog Output

Table 4-1 summarizes the analog output characteristics of the data acquisition boards.

Table 4-1. Analog Output Characteristics Summary

Board Analog DAC Hardware Configuration for Onboard Can Be Driven
Output Analog Output Channels Voltage by External
Channels References Reference
Voltage Signal
NB-AO-6! 0-5 Double- | unipolar voltage +100r+2.5V yes
buffered | bipolar voltage drives the analog
12-bit current output output channels
NB-MIO-16 0-1 12-bit unipolar voltage +10 V drives the yes
NB-MIO-16X bipolar voltage analog output
channels
Lab and 1200 Series 0-1 12-bit unipolar voltage (0 to +10 V) — no
bipolar voltage (-5 to +5 V)
DAQCard-AO-2DC 0-1 12-bit unipolar current (0 to 20 mA) — no
unipolar voltage (0 to +10 V)
bipolar voltage (-5 to +5 V)
PCI-MIO-16XE-50 0-1 12-bit bipolar (-10 to +10 V) +10 V drives the no
analog output
channels

10n the NB-AO-6, each analog output channel can be immediately updated when written to, or all channels on the
NB-AO-6 can be simultaneously updated at a later time by either an external update pulse or a software
command (see AO_Update).
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NB-A2100 Analog Output

The NB-A2100 contains two simultaneously updated analog output channels numbered 0 and 1. These 16-bit
resolution D/A channels use 8-times oversampling digital anti-imaging filters for extremely high fidelity data output.
Each channel also has a jumper to select AC or DC coupling.

The output range for each channel is #3 V (or about 2.12 Vrms).

The DACs can be run at 16, 22.05, 24, 32, 44.1, or 48 kHz conversion rates. A 32-bit-wide, 16-word-deep FIFO
memory on the board serves as a buffer to the DAC and can store 32 conversion values if one channel is being
output or 16 conversion values for each channel if both channels are being output.

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

Analog Output Function Summary

The following functions are used for analog output:

AO_Change_Parameter Selects parameter settings for analog output.

AQ_Setup Configures each analog output channel.

AO_Update Updates all analog output channels on the board to new voltage/current values.
AQO_VScale Converts voltage into a binary value to use with the AO_Write function to

generate that voltage.

AO_Write Writes a binary value to the analog output channel to change output current or
voltage.

Analog Output Application Hints

For most purposes, AO_Write is the only function required to generate single analog output voltages. If needed,
you can use AO_VScale to convert a voltage or current value to the binary value to be output.

AO_Setup
update mode =0
D
AO_Change_Parameter I
N

AO_VScale I

N2

AO_Write

Figure 4-1. Immediate Update Analog Output Flowchart
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The NB-AO-6 also supplies current outputs for each channel. For the current outputs, 0 V corresponds to 4 mA and
10 V corresponds to 20 mA when using the onboard 10 V reference.

If the jumper settings on the Lab-NB, Lab-LC, NB-MIO-16, NB-MIO-16X, or NB-AO-6 analog output circuitry
have been changed from the factory settings, you need to use AO_Setup to update the analog output configuration
information for the drivers. This update needs to be made only once per system startup. Read the AO_Setup
description to double-check your configuration.

With AO_Setup you can also select whether to use delayed update on the Lab and 1200 series, NB-AO-6,
PCI-MIO-16XE-50, or NB-MIO-16X (this feature is not available on the NB-MIO-16). With delayed update, you
can use AO_Write to write to one or more analog output channels without changing the state of the analog outputs.
You can then simultaneously change the state of all analog outputs at a later time by executing AO_Update or by
applying an external update pulse.

AO_Setup
update mode = 1
| AO_Change_Parameter |

N

AO_VScale I‘_

T (for number of channels

to update)
AO_Write
%
{ AO_Update ’

Figure 4-2. Delayed Update Analog Output Flowchart

The NB-A2100 always immediately updates the selected analog output channels with a bipolar value when
AO_Write is called. So, the functions AO_Setup and AO_Update are not supported on the NB-A2100.

AO_Change_Parameter

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

Synopsis

C Syntax locus 132 AO_Change_Parameter (u32 deviceNumber, u32 channel, u32
paramID, u32 paramValue);

Pascal Syntax function  AO_Change_Parameter (deviceNumber : i32; channel : i32;
paramID : 132; paramValue : 132) : i32;

BASIC Syntax | FN AO_Change_Parameter (deviceNumber&, channel&, paramIDg,
paramValueé&)
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Description

Legal ranges for paramID and paramValue are given in terms of constants defined in a header file. The header

file you should use depends on the language you are using:
e Cprogrammers—NIDAQCNS.H
*  Pascal programmers—NIDAQCNS.PAS

Legal values for channel depend on the type of device you are using; analog output channels are labeled 0
through n-1, where 7 is the number of analog output channels on your device. You can set channel to -1 to

indicate that you want the same parameter selection for all channels. You must set channel to -1 if you want to

change a parameter you cannot change on per-channel basis.

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

Voltage or Current Qutput
Some devices require separate calibration constants for voltage and current outputs. Setting the output type to

voltage or current for these devices causes the driver to use the correct calibration constants and to interpret the

input data correctly in AO_VScale. To change the output type, set paramID to ND_OUTPUT_TYPE.

Device Type Per-Channel Legal Range for Default Setting for
Selection paramValue paramValue
Possible
DAQCard-AO-2DC Yes ND_CURRENT_OUTPUT | ND_VOLTAGE_OUTPUT
and
ND_VOLTAGE_OUTPUT

This function lets you customize the behavior of the analog output section of your device. You should call this
function before calling NI-DAQ functions that cause output on the analog output channels. You can call this
function as often as you need.

AQO_Setup

Function
Configures the specified analog output channel.

Synopsis

(:Synum: locus 132 AO_Setup(u32 deviceNumber, u32 channel, u32 outputMode,
f64 outputRange, u32 updateMode, u32 updateSignal, u32
updateEdge) ;

Pascal Syntax function  AO_Setup(deviceNumber : i32; channel : i32; outputMode
132; outputRange : f64; updateMode : 132; updateSignal
i32; updateEdge : 1i32) : i32;

BASIC Syntax | FN AO_Setup (deviceNumber&, channels, outputMode&, outputRange#,
updateMode&, updateSignalé&, updateEdge&)

Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the

Devices section in Chapter 1, Getting Started, for more information.
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channel is the analog output channel number.
Range: 0 through n-1, where n is the number of analog output channels on the board.

outputMode selects whether the analog output channel is configured for unipolar or bipolar operation:
1: unipolar operation.
0: bipolar operation.

outputRange is the analog output channel voltage reference value. This parameter is ignored for the
DAQCard-AO-2DC, Lab, and 1200 series boards since the outputMode determines their output range.

updateMode indicates whether a double-buffered analog output channel is updated when written to:
0: immediate update.
1: not updated when written to.

updateSignal indicates which signal is used to update the double-buffered analog output channel:
0: internal (default).
1: external.

updateEdge indicates whether the falling edge or rising edge is used (NB-AO-6 only) to update the double-
buffered analog output channels:

0: falling.

1: rising.

Note: On the NB-AO-6, the double-buffered analog output channels are updated by the specified edge of
the EXT.UPD signal; for group operations, the last channel configured specifies the appropriate
setting for updateEdge.

Only the following combinations of updateMode, updateSignal, and updateEdge are valid on the
NB-MIO-16X, Lab and 1200 series, and MIO E Series devices. An x indicates the value is ignored for that
combination.

updateMode updateSignal updateEdge Description

0 X X Analog output channels are updated as soon as
AO_Write is executed.

1 1 X For the NB-MIO-16X and all Lab and 1200 series
devices except the Lab-LC , the analog output
channels are updated when a low level is detected
on EXTUPDATE#*. For the Lab-LC, the analog
output channels are updated when a high-to-low
edge is detected on the EXTUPDATE* pin. For
MIO E Series devices, the analog output channels
are updated on an active low pulse applied to the
PFIS pin. To alter the pin and polarity, you can call
the Select_Signal function.

1 0 X Analog output channels are updated when
AQO_Update is executed.

AO_Setup stores information about the specified analog output channel on the specified board in the
configuration table for that analog channel. After system startup, the analog output channel configuration tables
default to the following:

outputMode = 0: bipolar (unipolar on the DAQCard-AO-2DC).

outputRange = 10 V (-5 to +5 V on the Lab and 1200 series).

updateMode = 0: immediate update.
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If the physical configuration of the analog output channels on your board differs from these defaults, you must
call AO_Setup with the actual configuration information in order for the remaining Analog Output functions to
operate properly.

With AO_Setup you can also select whether to use delayed update on the NB-AO-6, Lab and 1200 series,
MIO E Series, or NB-MIO-16X (this feature is not available on the NB-MIO-16). Delayed update is configured
by setting updateMode to 1. You can use delayed update to use AO_Write to write to one or more analog
output channels without changing the state of the analog outputs and then to simultaneously change the state of
all analog outputs at a later time by executing AO_Update or by applying an external update pulse.

Note: AO_Setup replaces the AO_Config function used in previous versions of NI-DAQ for Macintosh.

AO_Update

Function
Updates all analog output channels on the specified board to new voltage/current values.

Synopsis
C Syntax locus 132 AO_Update (u32 deviceNumber) ;
Pascal Syntax function  AO_Update (deviceNumber : 132) : i32;
BASIC Syntax | FN AO_Update (deviceNumberé)

Description

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

AO_Update issues an update pulse to all analog output channels on the specified board. All analog output
channel voltages/currents are then simultaneously changed to the last value written. This type of delayed update
is provided for the NB-AO-6, Lab and 1200 series, MIO E Series, or NB-MIO-16X only.

AO_VScale

Function

Converts a floating point number to the appropriate binary value to use with the AO_Write function to
generate that voltage or current.

Synopsis

C Syntax locus i32 AO_VScale (u32 deviceNumber, u32 channel, f64 voltage, 116
*value) ;

Pascal Syntax function AO_VScale (deviceNumber : i132; channel : i32; voltage :
f64; var value : 1il1l6) : 1i32;

BASIC Syntax | FN AO_VScale (deviceNumbers&, channel&, voltage#, valueé&)

Description

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

Analog Output Functions

Range: 0 through n-1, where n is the number of analog output channels on the board.

voltage is the voltage, in volts, or current, in amps, to be converted to a binary value.

value is the converted binary value returned.

Using the following formula, AO_VScale calculates the binary value to be written to the specified analog
output channel to generate an output voltage or current corresponding to voltage.

value = (voltage/outputRange) * maxBinVal

For voltages the values of outputRange and maxBinVal are listed in the following table:

Junction call.

Device Unipolar Bipolar
outputRange maxBinVal outputRange maxBinVal
Most devices * 4,096 * 2,048
Lab and 1200 10.0 4,096 5.0 2,048
series, AO-2DC
NB-A2100 — — 3.0 32,768
Note: ::indicates that you specify the value of outputRange in the AO_Configure

outputRange is specified in a call to AO_Setup.

If you set the output type to current by calling AO_Change_Parameter, voltage indicates the current to
output in amps. The values of outputRange and maxBinVal are listed in the following table:

Device

Unipolar

outputRange

maxBinVal

DAQCard-AO-2DC

0.002

4,096

AO_Write

Function

Writes a binary value to the analog output channel to change output current or voltage.

Synopsis
C Syntax locus i32 AO_Write (u32 deviceNumber, u32 channel, i32 value);
Pascal Syntax function AO_Write (deviceNumber : 1i32; channel : 132; wvalue : 132)
: 132;
BASIC Syntax | FN AO_Write (deviceNumber&, channel&, valueg)
Description

deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.
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4-7  NI-DAQ Software Reference Manual for Macintosh



Analog Output Functions Chapter 4

channel is the analog output channel number.
Range: 0 through n-1, where n is the number of analog output channels on the board.

value is the digital value to be written to the analog output channel.
Range for unipolar: 0 to 4,095.
Range for bipolar: -2,048 to 2,047. (-32,768 to 32,767 on the NB-A2100)

AO_Write writes value to the DAC in the analog output channel. If the analog output channel is configured
for immediate update, the output voltage or current changes immediately. Otherwise, delayed update is used
and the output voltage or current changes when an update command or pulse is issued. This type of delayed
update is available only on the NB-AO-6, Lab and 1200 series, MIO E Series, and NB-MIO-16X.
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Chapter 5
Digital I/0 Functions

This chapter describes the functions used to read from and write to digital ports, which can be addressed as a single
entity or as individual digital lines. The following National Instruments boards for the Macintosh have digital I/O
hardware:

e  All MIO boards

* All Lab and 1200 series boards

* All DIO boards

* NB-TIO-10

* DAQCard-AO-2DC

*  DAQCard-500 and DAQCard-700

Digital I/O ports on the National Instruments boards can have up to eight digital lines in width. Some of the digital
I/O ports have less than eight digital lines. The name port, in fact, refers to a set of digital lines. In many instances,
the set of digital lines is controlled as a group both for reading and writing purposes and for configuration purposes.
For example, the port can be configured as either an input port or as an output port, which means that the set of
digital lines making up the port all become input lines or output lines.

The digital ports are usually assigned a letter, and the digital lines making up the port are assigned numbers
beginning with 0. For example, the NB-DIO-24 contains three ports of eight digital lines each. These ports
are labeled PA, PB, and PC on the NB-DIO-24 1/O connector drawing, as shown in the NB-DIO-24 User
Manual. The eight digital lines making up Port PA are labeled PA7 through PAO.

In some cases digital I/O ports can be further combined into a larger entity called a group. On the NB-DIO-32F, for
example, any of its Ports DIOA through DIOD can be assigned to one of two groups. These groups control the
digital lines of the ports assigned.

The Digital I/O functions can write to and read from both an entire port and single digital lines within the port. To
write to an entire port, the digital output data is written to the port as an 8-bit value (range 0 to 255). To read from a
port, the digital input data is returned as an 8-bit value. The mapping of the 8 bits to the digital I/O lines is as
follows:

Bit Number Digital I/O Line Number
7 7 Most significant bit
6 6
5 5
4 4
3 3
2 2
1 1
0 0 Least significant bit

For example, a value of 255 corresponds to all lines at a logic high level. A value of 32 corresponds to digital I/O
line number 5 at a logic high level and to the remaining lines at a logic low level. In the cases where a digital I/O
port has less than eight lines, the most significant bits in the 8-bit value are ignored.
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Most of the digital I/O ports on the boards can be configured as either input ports or output ports. Some digital I/O
ports are permanently fixed as either input ports or output ports. If a port is configured as an input port, reading that
port returns the value of the digital lines. The state of the digital lines, in this case, is determined by external devices
connected to those lines and driving them. If no external device is driving the lines, the lines float to some
indeterminate state and can be read as either in state O (digital logic low) or state 1 (digital logic high). If a port is
configured as an output port, writing to the port sets each digital line in the port to a digital logic high or low,
depending on the pattern of the data written. In this case, these digital lines can be used to drive an external device.
Many of the digital I/O ports have read-back capability; that is, if the port is configured as an output port, reading the
port returns the output state of that port.

The digital I/O ports and groups on some of the boards support handshaking modes. Ports and groups can be
configured for handshaking or no-handshaking. For the remainder of this chapter, no-handshaking mode is
synonymous with nonlatched mode and handshaking mode is synonymous with latched mode. These two modes are
described as follows:

*  No-handshaking (nonlatched) mode: This mode simply changes the digital value at an output port when written
to and returns a digital value from a digital input port when read. No handshaking signals are generated.

*  Handshaking (latched) mode: In this mode, a digital input port latches the data present at the input port when it
receives a handshake signal, and generates a handshake pulse when a digital output port is written to by the
computer. The status of a port or of a group of ports can be read to determine whether an external device has
accepted data written to an output port or has latched data into an input port.

The no-handshaking mode is often used for process control applications, such as controlling or monitoring relays.
The handshaking mode is often used for communications applications, such as transferring data between two
computers.

NB-DI10-24, DAQCard-DIO-24, NB-PRL, and Lab and 1200
Series Digital I/0

The NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series boards contain 24 bits of digital I/O. These bits
are divided into a set of three digital I/O ports of eight bits each. Digital I/O on these boards is controlled by an
8255 or 82C55 programmable peripheral interface (PPI) chip. The digital I/O ports are labeled as Ports PA, PB, and
PC on the I/O connector, as shown in the user manual for each board. All three ports can be configured either as
input ports or output ports. These ports are referred to as Ports 0, 1, and 2 for the Digital I/O functions, where:

Port PA =Port 0
Port PB = Port 1
Port PC = Port 2

Ports 0 and 1 can be used with both latched (handshaking) mode and nonlatched (no-handshaking) mode. Port 2 can
be used with nonlatched mode only. The digital lines making up Port 2 (PC) are used as handshaking lines for both
Ports 0 and 1 whenever either is configured for latched mode; therefore, Port 2 is not available for Digital /O
functions whenever either Port O or 1 is configured for latched mode.

The NB-PRL has the same functionality as the NB-DIO-24, except that the NB-PRL has a 25-pin DSUB I/O
connector so that the board can be used as a NuBus parallel interface for Centronics printers. All references to the
NB-DIO-24 throughout the manual also apply to the NB-PRL.

Note:  Using an SCXI chassis with a Lab or 1200 series board or DAQCard-DI0-24 will cause NI-DAQ to
reserve some digital 1/0 lines. Refer to Chapter 7, SCXI Functions, for more information.
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NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 Series Groups

Any combination of ports 0 and 1 on the NB-DIO-24, DAQCard-DIO-24, NB-PRL, and Lab and 1200 series can be
grouped together to make up larger ports. See Digital I/0 Application Hints and DIG_Scan_Setup for more
details.

NB-DIO-32F Digital I/0O

The NB-DIO-32F contains 38 bits of digital I/O. These bits are divided into a set of four digital I/O ports of 8 bits

each, a 3-bit digital input port, and a 3-bit digital output port. The 8-bit digital I/O ports are labeled as Ports DIOA,
DIOB, DIOC, and DIOD on the I/O connector, as shown in the NB-DIO-32F User Manual. The 3-bit digital input
port is labeled IN and the 3-bit digital output port is labeled OUT on the I/O connector. These ports are referred to
as Ports 0 through 4 by the Digital I/O functions, where:

Port DIOA = Port 0
Port DIOB = Port 1
Port DIOC = Port 2
Port DIOD = Port 3
Ports OUT and IN = Port 4

You can configure Ports O through 3 as either input ports or output ports. When any of these ports is configured as
an output port, it has read-back capability; that is, by reading the port, you can determine what digital value the
output port is currently asserting. Port 4 is always configured for both input and output. However, because the input
and output pins of Port 4 are physically separate, writing to and then reading from Port 4 does not return the value
written (unless OUT1 is wired to IN1 and OUT?2 to IN2 at the I/O connector).

You can also configure Ports 0 through 3 for both latched mode and nonlatched mode. If you configure the ports for
latched mode, you must assign the ports to one of two handshake groups. The NB-DIO-32F I/O connector includes
handshake lines for each of the two groups. These handshake lines are labeled REQ for request and ACK for
acknowledge. Signals received or generated on these handshake lines affect only the ports assigned to the group.

Port 4 is always configured as an I/O port. Writing to Port 4 affects the output lines labeled OUT1, OUT2, and
OUT3 on the I/O connector. Reading from Port 4 returns the digital value of the input lines labeled IN1, IN2, and
IN3 on the I/O connector. These lines are mapped to the bits of the data pattern written to and read from Port 4 as
follows:

Bit Number Digital I/O Line Number
7 through 3 No significance
2 OUT3 1IN3
1 OUT2 1IN2
0 OUT1 INI1 Least significant bit

Port 4 cannot be configured for latched mode.

NB-DIO-32F Groups

You can assign any of the Ports O through 3 on the NB-DIO-32F to one of two groups for handshaking. These
groups are referred to as Group 1 and Group 2. Group 1 uses handshake lines ACK1 and REQ1. Group 2 uses
handshake lines ACK2 and REQ2. The ACK line is driven by the group, and the REQ line is sensed by the group.
Refer to the NB-DIO-32F User Manual for more information.

Once ports are assigned to groups, the group acts as a single entity controlling 8, 16, or 32 digital lines
simultaneously. The following assignments are valid group assignments.
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Assigned Ports Group Size
Port 0 8-bit group
Port 1 8-bit group
Port 2 8-bit group
Port 3 8-bit group
Ports 0 and 1 16-bit group
Ports 2 and 3 16-bit group
Ports 0, 1, 2, and 3 32-bit group

When you assign ports to a group, handshaking of that port is controlled by the group. These ports are then read
from or written to simultaneously by writing or reading 8, 16, or 32 bits at one time from the group.

The groups can be configured for various handshake configurations. The configuration choices include level or
edge-triggered handshaking, inverted or noninverted ACK and REQ lines, and a programmed transfer settling time.

NB-DI0O-96 and PCI-DI0O-96 Digital 1/0

The NB-DIO-96 and PCI-DIO-96 boards contain 96 bits of digital I/O. These bits are divided into a set of 12 digital
I/0 ports of eight bits each. Digital I/O on this board is controlled by four 82C55A PPI chips. The digital I/O ports
are labeled as Ports APA, APB, APC, BPA, BPB, BPC, CPA, CPB, CPC, DPA, DPB, and DPC on the I/O
connector as shown in the NB-DIO-96 User Manual or PCI-DIO-96 User Manual. All 12 ports can be configured
as either input ports or output ports.

These ports are referred to as Ports 0 through 11 for the Digital Input and Output functions where:

Port APA = Port 0
Port APB = Port 1
Port APC = Port 2
Port BPA = Port 3
Port BPB = Port 4
Port BPC = Port 5
Port CPA = Port 6
Port CPB = Port 7
Port CPC = Port 8
Port DPA = Port 9
Port DPB = Port 10
Port DPC = Port 11

Ports, 0, 1, 3,4, 6,7, 9, and 10 can be used for both latched (handshaking) and nonlatched (no-handshaking) modes.
Ports 2, 5, 8, and 11 can be used only for nonlatched mode. The digital lines making up Port 2 (APC) are used as
handshaking lines for Ports O and 1 whenever either is configured for latched mode; therefore, Port 2 is not available
for Digital Input and Output functions whenever either Port O or Port 1 is configured for latched mode. The digital
lines making up Port 5 (BPC) are used as handshaking lines for Ports 3 and 4 whenever either is configured for
latched mode; therefore, Port 5 is not available for Digital Input and Output functions whenever either Port 3 or
Port 4 is configured for latched mode. The digital lines making up Port 8 (CPC) are used as handshaking lines for
Ports 6 and 7 whenever either is configured for latched mode; therefore, Port 8 is not available for Digital Input and
Output functions whenever either Port 6 or Port 7 is configured for latched mode. The digital lines making up Port
11 (DPC) are used as handshaking lines for Ports 9 and 10 whenever either is configured for latched mode;
therefore, Port 11 is not available for Digital Input and Output functions whenever either Port 9 or Port 10 is
configured for latched mode.
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NB-DIO-96 and PCI-DIO-96 Groups

Any combination of Ports 0, 1, 3,4, 6,7, 9, and 10 on the NB-DIO-96 and PCI-DIO-96 can be grouped together to
make up larger ports. For example, Ports 0, 3, 9, and 10 can be programmed to make up a 32-bit handshaking port,
or all eight ports can be programmed to make up a 64-bit handshaking port. See Digital I/0 Application Hints and
DIG_Scan_Setup for more details.

NB-MIO-16 and NB-MIO-16X Digital 1/O

The NB-MIO-16 and NB-MIO-16X each contain 8 bits of digital I/O. These bits are divided into a set of two digital
I/0O ports of four bits each. The 4-bit digital I/O ports are labeled as Ports DIOA and DIOB. These ports are referred
to as Ports 0 and 1 by the Digital I/O functions where:

Port DIOA = Port 0
Port DIOB = Port 1

You can configure Ports 0 and 1 as either input ports or output ports. Any port that you configure as an output port
has read-back capability (that is, by reading the port, you can determine what digital value the output port is
currently asserting).

The NB-MIO-16 and NB-MIO-16X digital I/O ports operate in nonlatched mode only.

Note: Using an SCXI chassis with an MIO board causes NI-DAQ to reserve some digital I/O lines. Refer to
Chapter 7, SCXI Functions, for more information.

PCI-MIO-16XE-50 Digital 1/0

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

You can configure the entire digital port as either an input or an output port, or you can configure individual lines for
either input or output. The port has read-back capability (that is, by reading the port, you can determine what digital
value the output port is currently asserting). This port operates in nonlatched mode only.

Note:  Connecting one or more AMUX-64T devices or an SCXI chassis to an E Series device renders various
lines of the digital I/0 port unavailable:

One AMUX-64T device—Lines 0 and 1 are unavailable.

Two AMUX-64T devices—Lines 0, 1, and 2 are unavailable.
Four AMUX-64T devices—Lines 0, 1, 2, and 3 are unavailable.
SCXI—Lines 0, 1, 2, and 4 are unavailable.

The remaining lines of the digital I/0 port are available for input or output. You should use
DIG_Line_Config to configure these remaining lines.

NB-TIO-10 Digital I/O

The NB-TIO-10 contains 16 bits of digital I/O. These bits are divided into a set of two digital I/O ports of eight bits
each. Digital I/O on these ports is controlled by the Motorola MC6821 PIA chip. The 8-bit digital I/O ports are
labeled as Port A and Port B. These ports are referred to as Ports 0 and 1 by the Digital I/O functions, where:

Port A = Port 0
Port B = Port 1
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You can configure Ports O or 1 as either input ports or output ports. Either of these ports configured as an output
port has read-back capability; that is, by reading the port, you can determine what digital value the output port is
currently asserting. You can also configure each line on a port for direction, input or output. The NB-TIO-10 digital
I/O ports operate in nonlatched mode only.

DAQCard-AO-2DC Digital I/0

The DAQCard-AO-2DC contains 16 bits of digital I/O. These bits are divided into a set of two digital I/O ports of
eight bits each. The 8-bit digital I/O ports are labeled as Port A and Port B. These ports are referred to as Ports 0
and 1 by the Digital I/O functions, where:

Port A = Port O
Port B = Port 1

You can configure Ports O or 1 as either input ports or output ports. Either of these ports configured as an output

port has read-back capability; that is, by reading the port, you can determine what digital value the output port is
currently asserting.

DAQCard-500 and DAQCard-700 Digital 1/0

The DAQCard-500 and DAQCard-700 have one output port (Port 0) and one input port (Port 1) each; the
DAQCard-500 ports are 4-bit ports, and the DAQCard-700 ports are 8-bit. The digital I/O ports are labeled DIN and
DOUT on the I/O connector, as shown in the appropriate device user manual. The ports are referred to as ports 0 and
1 for the Digital I/O functions, in which:

« DOUT =port 0
e DIN=port 1

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

Note: Using an SCXI chassis with the DAQCard-700 renders digital lines 4, 5, 6, and 7 of port 0 and line 6 of
port 1 unavailable. Refer to Chapter 7, SCXI Functions, for more information.

SCXI Signal Conditioning Hardware

You can use the following digital SCXI modules with the MIO boards, DIO boards, and Lab boards:
*  SCXI-1160 16-channel electromechanical SPDT relay module

*  SCXI-1161 8-channel electromechanical SPDT relay module

*  SCXI-1162 32-channel optically isolated digital input module

*  SCXI-1162HV 32-channel high-voltage optically isolated digital input module

*  SCXI-1163 32-channel optically isolated digital output module

*  SCXI-1163R 32-channel optically isolated digital solid-state relay module

These modules do not work with the NB-TIO-10.

If your SCXI modules are configured for Multiplexed (or Serial) mode, you must use the SCXI functions in
Chapter 7, SCXI Functions, to read and write digital patterns. If your SCXI modules are configured for Parallel
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mode, you can use either the SCXI functions in Chapter 7 or the DIG_In_Port and DIG_Out_Port functions in
this chapter. Please refer to the SCXI Modules and Compatible Data Acquisition Boards section in Chapter 7 for
more information on which ports drive the modules in Parallel mode.

Digital I/0 Function Summary

Use the following functions for digital I/O operations on the NB-DIO-96, PCI-DIO-96, DAQCard-AO-2DC,
NB-DIO-24, DAQCard-DIO-24, DAQCard-500, DAQCard-700, NB-PRL, Lab and 1200 series, NB-DIO-32F,
NB-MIO-16, NB-MIO-16X, and NB-TIO-10:

DIG_In_Line Returns the digital logic state of the specified digital input line in the specified port.

DIG_In_Port Reads digital input data from the specified digital I/O port.

DIG_Line_Config Configures the specified line in the specified port for the direction (input or output)
selected.

DIG_Out_Line Sets or clears the specified digital output line in the specified digital port.

DIG_Out_Port Writes digital output data to the specified digital port.

DIG_Prt_Config  Configures the specified port for direction (input or output) and handshake mode.

DIG_Prt_Status  Returns a status word indicating the handshake status of the specified port (NB-DIO-96,
PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series, and NB-PRL
only).

Use the following functions for digital I/O group operations on the NB-DIO-32F:

DIG_Grp_Config  Configures the specified group for port assignment, direction (input or output), and size.
DIG_Grp_Mode Configures the group handshake signal modes.

DIG_Grp_Status  Returns a status word indicating the handshake status of the specified group.
DIG_In_Group Reads digital input data from the specified digital group.

DIG_Out_Group Writes digital output data to the specified digital group.

Use the following functions for digital I/O group operations on the NB-DIO-96, PCI-DIO-96, NB-DIO-24,
DAQCard-DIO-24, NB-PRL, Lab and 1200 series, and NB-DIO-32F:

DIG_Blk_Check Checks to see if the current buffered digital input or output operation is complete.
DIG_Blk_Clear Clears the current buffered digital input or output operation for the specified group.
DIG_Blk_Start Reads/writes a specified number of digital data patterns to/from a digital I/O group.

DIG_Scan_Setup Configures the specified group for port assignment, direction (input or output), and size
(NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series
only).
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Digital I/0 Application Hints

Nonlatched Digital I/0

All boards that support digital I/O can be used for nonlatched digital [/O. NI-DAQ for Macintosh expects
nonlatched digital I/O to be used by default. For this case, DIG_Prt_Config can be used to configure port
direction (input by default).

DIG_In_Port,DIG_In_Line, DIG_Out_Port,and DIG_Out_Line can be used to read from and write to
ports and individual lines.

Latched Digital I/0 with the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24,
NB-PRL, and Lab and 1200 Series

To use handshaking with the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200
series, you must call DIG_Prt_Config to configure a port for handshaking. For output handshaking, you may
execute DIG_Prt_Status to see that if port is ready for output before DIG_Out_Port is executed. For input
handshaking, you must execute DIG_Prt_Status to see if the port has data to be read before DIG_In_Port is
executed. For handshaking, DIG_In_Line and DIG_Out_Line should not be used.

Latched Digital I/0 with the NB-DIO-32F

To use handshaking with the NB-DIO-32F, use only the group functions. These functions can perform handshaking
of 8, 16, or 32 bits at a time. You must use DIG_Grp_Config to enable handshaking and to configure
handshaking group size and direction. You may execute DIG_Grp_Mode to specify handshaking modes other than
the default handshaking mode. For output handshaking, you must execute DIG_Grp_Status and indicate that the
group is ready for output before DIG_Out_Group is executed. For input handshaking, you must call
DIG_Grp_Status and indicate that the port has data to be read before DIG_In_Group is executed.

DIG_Grp_Config
(dir=0)

\I/

C DIG_Grp_Mode )

4

DIG_Grp_sStatus

NO

7

( DIG_In_Group )

Figure 5-1. Flowchart for Latched Digital Group Input
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DIG_Grp_Config
(dir=1)

\I/

C DIG_Grp_Mode )

34

DIG_Grp_sStatus

NO

Z

( DIG_Out_Group )

Figure 5-2. Flowchart for Latched Digital Group Output

Buffered Digital I/O with the NB-DI0-96, PCI-DI0O-96, NB-DIO-24, DAQCard-DIO-24,
NB-PRL, and Lab and 1200 Series

DIG_Blk_Start and DIG_Blk_Check perform buffered digital I/O operations to transfer a block of digital
values between a group of digital ports and a user buffer. DIG_Scan_Setup must be executed to assign ports to a
group and to configure the direction of the group. DIG_Blk_Start initiates the buffered digital I/O operation,
and DIG_B1lk_Check returns the completion status of the buffered digital I/O process. DIG_Blk_Start
performs both input and output operations. If the group is configured for output, a user-defined buffer of data is
passed to DIG_B1lk_Start to output. If the group is configured for input, a user-defined buffer is passed to
DIG_Blk_Start to be filled with input data. DIG_B1lk_Start returns immediately after initiating the buffered
digital transfer. DIG_B1lk_Check returns the completion status of the operation. If a digital output transfer is
initiated by DIG_B1lk_Start, then the transfer is complete when DIG_B1k_Check returns status = 1. If a
digital input transfer is initiated by DIG_B1k_Start, then the data is available in the user-defined buffer specified
inDIG_Blk_Start when DIG_Blk_Check returns with status = 1. You should execute DIG_Blk_Clear
when the buffered digital I/O operation is complete. When you use block function calls on these digital boards, you
must use external handshaking signals for any buffered digital I/O operations.

Buffered Digital I/O with the NB-DIO-32F

DIG_Blk_Start and DIG_Blk_Check perform buffered digital I/O operations to transfer a block of digital
values between a group of digital ports and a user buffer. DIG_Grp_Config must be executed to assign ports to a
group and to configure the direction of the group. DIG_B1lk_Start initiates the buffered digital I/O operation,
and DIG_B1lk_Check returns the completion status of the buffered digital I/O process. DIG_Blk_Start
performs both input and output operations. If the group is configured for output, a user-defined buffer of data is
passed to DIG_B1lk_Start to output. If the group is configured for input, a user-defined buffer is passed to
DIG_Blk_Start to be filled with input data. DIG_Blk_Start returns immediately after initiating the buffered
digital transfer. DIG_B1lk_Check returns the completion status of the operation. If a digital output transfer is
initiated by DIG_B1lk_Start, then the transfer is complete when DIG_B1k_Check returns status = 1. If a
digital input transfer is initiated by DIG_B1lk_Start, then the data is available in the user-defined buffer specified
inDIG_Blk_Start when DIG_Blk_Check returns with status = 1. You should execute DIG_Blk_Clear
when the buffered digital I/O operation is complete.
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Normally, buffered digital I/O uses external handshaking signals to control the rate of input or output. If a

DMA is present in the system, timed buffered digital I/O can be implemented by supplying timebase and interval
values when executing DIG_B1lk_Start. This interval specifies the amount of time to elapse between subsequent
reads/writes for a digital group. External handshaking signals should not be used with timed buffered digital I/O
operations. Only the NB-DIO-32F supports timed buffered digital I/O.

Example applications that perform buffered digital I/O are included on your NI-DAQ for Macintosh diskettes (see
Chapter 11, NI-DAQ for Macintosh Examples).

DIG_BIk_Check

Function
Checks to see if the current buffered digital input or output operation is complete (NB-DIO-96, PCI-DIO-96,
NB-DIO-32F, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series only).

Synopsis

CSyntax locus i32 DIG_Blk_Check (u32 deviceNumber, u32 group, ulé *status);

Pascal Syntax function DIG_Blk_Check (deviceNumber : i32; group : i132; var status
: ile) : 132;

BASIC Syntax | FN DIG_Blk_Check (deviceNumber&, group&, statusé)

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

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

status indicates whether the current buffered digital input or output for this group is complete.
1: digital input or output is complete.
0: digital input or output is not yet complete.

If a digital output transfer is initiated by DIG_B1lk_Start, then the output transfer is complete when
DIG_Blk_Check returns status = 1.

If a digital input transfer is initiated by DIG_B1lk_Start, then the data is available in the buffer specified in
DIG_Blk_Start when DIG_Blk_Check returns with status = 1.

DIG_BIk_Clear

Function
Clears the current buffered digital input or output operation for the specified group (NB-DIO-96, PCI-DIO-96,
NB-DIO-32F, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series only).
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Synopsis

CSyntax locus i32 DIG_Blk_Clear (u32 deviceNumber, u32 group);

Pascal Syntax function DIG_Blk_Clear (deviceNumber : i32; group : 1i32) : 1i32;

BASIC Syntax | FN DIG_Blk_Clear (deviceNumber&, groupé&)

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

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

DIG_BIk_Start

Function
Reads/writes a specified number of digital data patterns to/from a digital I/O group (NB-DIO-96, PCI-DIO-96,
NB-DIO-32F, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series only).

Synopsis

CSyntaX locus 132 DIG_Blk_Start (u32 deviceNumber, u32 group, u32 direction,
u8 *buffer, u32 count, u32 interval, u32 timebase);

Pascal Syntax function DIG_Blk_sStart (deviceNumber : i32; group : 132; direction
: 132; buffer : pil6; count : 132; interval : 1i32;
timebase : 132) : 1i32;

BASIC Syntax FN DIG_Blk_Start (deviceNumberé&, groupé&, direction&, buffer&, countg,
intervalé&, timebase&)

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

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

direction selects the direction of the digital transfer.
0: data is to be input.
1: data is to be output.

buffer is an array to be used for the digital transfer. If the group is configured for input, then buffer is an array
to be filled with digital data patterns. If the group is configured for output, then buffer is an array of digital data
patterns to be output. Each element of buffer corresponds to an 8-bit value, 16-bit value (NB-DIO-32F only),
or 32-bit value (NB-DIO-32F only)-depending on the group size—and is mapped to the digital lines.

For the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series, the elements
of buffer are sequentially mapped to the digital ports making up the group. For example, if the portList
specified in the DIG_Scan_Setup call uses 0, 4, 1, the first data value maps to Port 0, the second data value
maps to Port 4, the third data value maps to Port 1, and so on.

For the NB-DIO-32F, the elements of buffer are sequentially mapped to the digital ports making up the group
in the following way:

»  If the group contains one port, the low-order eight bits of the pattern are written to or read from that port.
For DMA input or output, such as required for timed buffered digital I/O (interval > 0), only Port O can be
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contained in the group if an NB-DMA-8-G is used. If an NB-DMA2800 is used, either Port O or Port 2 can
be contained in the group.

» If the group contains two ports, the low-order 16 bits of the pattern are written to or read from the ports. If
the group contains Ports 0 and 1, the low-order eight bits map to Port 1, and the next eight bits map to
Port 0. If the group contains Ports 2 and 3, the low-order eight bits map to Port 3, and the next eight bits
map to Port 2. The two ports are written to simultaneously. For DMA input or output, such as required for
timed buffered digital I/O (interval > 0), only Ports 0 and 1 can be contained in the group if an
NB-DMA-8-G is used. If an NB-DMA?2800 is used, either Ports 0 and 1 or Ports 2 and 3 can be contained
in the group.

»  If the group contains four ports, all 32 bits of the pattern are written to the ports. The least significant eight
bits map to Port 3, the next 8 bits map to Port 2, the next eight bits map to Port 1, and the most significant
bits map to Port 0. The four ports are written to or read from simultaneously.

Pascal Note: If the group size is 8-bit or 16-bit, buffer must be a pointer to an integer array (buffer
~integer). For 8-bit groups, each 8-bit pattern occupies 16 bits in the array. If the
group size is 32 bits, then buffer must be a pointer to a longint (buffer : “longint).
DIG_Blk_Check unpacks and aligns the data returned by NI-DAQ for Macintosh.

count is the number of bytes to be written to or read from buffer.
Range: 232-1 for interrupts.
224-1 for DMA.

interval is the amount of time to elapse between each digital transfer, thereby permitting timed input or output.
Timed interval updating is used only with the NB-DIO-32F.
Range: 0 for external handshaking; 2 through 65,535 for timed input or output.

To perform timed digital I/O, set interval to a non-zero value. You also must have an NB-DMA-8-G or
NB-DMAZ2800 in the system to supply counter/timers to control timed digital [/O. External handshaking
interval =0 does not require an NB-DMA-8-G or NB-DMA2800.

The interval is a function of the timebase resolution. The actual interval is calculated as follows:
interval * (timebase resolution)

where the timebase resolution for each value of timebase is given in the timebase discussion that follows. For
example, if interval = 25 and timebase = 2, then the output interval is 25 * 10 ps = 250 ps.

timebase selects resolution to be used for the interval counter. The timebase parameter has the following
possible values:

: 1-MHz clock used as timebase (1-us resolution).
100-kHz clock used as timebase (10-us resolution).
10-kHz clock used as timebase (100-us resolution).
1-kHz clock used as timebase (1-ms resolution).
100-Hz clock used as timebase (10-ms resolution).
SOURCEI] used as timebase.

SOURCE?2 used as timebase.

SOURCE3 used as timebase.

SOURCE#4 used as timebase.

10: SOURCES used as timebase.

SOURCEI!1 through SOURCES are timing signals available on the NB-DMA-8-G and NB-DMAZ2800. See the
description of NB-DMA-8-G and NB-DMA?2800 counters and timers in Chapter 8, Counter/Timer Functions,
for more information about these signals. If the interval is to be externally controlled by the handshaking
signals of the group (interval = 0), then the timebase parameter is ignored and can be any value.

VRN H DN

DIG_Blk_Start initiates reading or writing of digital group data patterns sequentially from/to the group on
the specified board and returns immediately. DIG_B1lk_Check should be called to determine when the
transfer completes. If a digital output transfer is initiated by DIG_B1lk_Start, then the transfer is complete
when DIG_B1lk_Check returns status = 1. If a digital input transfer is initiated by DIG_B1lk_Start, then
the data is available in buffer when DIG_B1k_Check returns with status = 1. All ports in this group are
updated/read simultaneously for each pattern in the array. If the specified group has not been configured for the
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appropriate direction of transfer, the operation is not performed and an error is returned. If no ports have been
assigned to the specified group, the operation is not performed and an error is returned. For the NB-DIO-32F,
DIG_Grp_Config must be executed to assign ports to a group and to configure the group for the appropriate
direction of transfer. For the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and
1200 series, DIG_Scan_Setup must be executed to assign ports to a group and to configure the group for the
appropriate direction of transfer.

Note: You cannot use boards equipped with the 8255 PPI (NB-DI0O-24, DAQCard-DIO-24, NB-PRL, Lab
and 1200 series, and NB-DIO-96) in non-latched or no-handshaking mode for block transfers.

DIG_Grp_Config

Function
Configures the specified group for port assignment, direction (input or output), and size (NB-DIO-32F only).

Synopsis

(:Synun( locus i32 DIG_Grp_Config(u32 deviceNumber, u32 group, u32 groupSize,
u32 port, u32 direction);

Pascal Syntax function DIG_Grp_Config(deviceNumber : 1i32; group : i32; groupSize
: 132; port : i32; direction : 132) : i32;

BASIC Syntax | FN DIG_Grp_Config(deviceNumber&, group&, groupSize&, porté,
directioné&)

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

group is the group to be configured.
Range: 0 through n-1, where n is the number of groups supported by the board.

groupSize selects the size of the group. The following values are permitted for groupSize:
0: O ports assigned — unassign any previously assigned ports.
1: 1 port assigned (8-bit group).
2: 2 ports assigned (16-bit group).
4: 4 ports assigned (32-bit group).

port selects the digital I/O ports assigned to the group. The value of port depends on the value of groupSize:
If groupSize =1 port =0 assigns Port O to the group.
port = 1 assigns Port 1 to the group.
port = 2 assigns Port 2 to the group.
port = 3 assigns Port 3 to the group.

If groupSize =2 port =0 assigns Ports 0 and 1 to the group.
port = 2 assigns Ports 2 and 3 to the group.
If groupSize =4 port = 0 assigns Ports 0, 1, 2 and 3 to the group.

direction selects the direction, input or output, for which the group is to be configured.
0: group is configured as an input group (default).
1: group is configured as an output group.

DIG_Grp_Config configures the specified group according to the specified port assignment and direction. If

groupSize is 0, any ports assigned to the group are released from the group and the group handshake circuitry is
cleared. If groupSize is 1, 2, or 4, then the specified ports are assigned to the group and are configured for the
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specified direction. Ports assigned to a group are subsequently written to or read from as a group using the
DIG_In_Group and DIG_Out_Group functions. Any ports assigned to a group can no longer be accessed
through any of the non-group calls listed previously in this description.

After system startup, no ports are assigned to groups.

See the NB-DIO-32F User Manual for group handshake timing.

DIG_Grp_Mode

Function
Configures the group handshake signal modes (NB-DIO-32F only).
Synopsis
C Syntax locus i32 DIG_Grp_Mode (u32 deviceNumber, u32 group, u32

pulseOrLevel, u32 edge, u32 requestPolarity, u32
acknowledgePolarity, u32 settlingTime);

Pascal Syntax function DIG_Grp_Mode (deviceNumber : i32; group : i32;
pulseOrLevel : i32; edge : 1i32; requestPolarity : 1i32;
acknowledgePolarity : 1i32; settlingTime : 132) : i32;

BASIC Syntax | FN DIG_Grp_Mode (deviceNumber&, group&, pulseOrLevelg, edges,
requestPolarityé&, acknowledgePolarityé&, settlingTime&)

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

group is the group to be configured for particular handshake modes.
Range: 0 through n-1, where n is the number of groups on the board.

pulseOrLevel indicates whether the group is to be configured for level or pulsed (edge-triggered) handshake
signals.

0: group is configured for level handshake signals.

1: group is configured for pulsed handshake signals.

edge indicates whether the group is to be configured for rising edge or falling edge pulsed signals. edge is valid
only if pulseOrLevel is 1.

0: group is configured for rising (low-to-high) edge pulsed handshake signals.

1: group is configured for falling (high-to-low) edge pulsed handshake signals.

requestPolarityindicates whether the group request signal is to be active high or active low.
0: group is configured for active high (noninverted) request handshake signal polarity.
1: group is configured for active low (inverted) request handshake signal polarity.

acknowledgePolarity indicates whether the group acknowledge handshake signal is to be active high or active
low.

0: group is configured for active high (noninverted) acknowledge handshake signal polarity.

1: group is configured for active low (inverted) acknowledge handshake signal polarity.

settlingTime selects the data settling time for the group. The value of settlingTime is the number of 100-ns
intervals allowed for data settling.

Range: 0 through 7.

0: no settling time.

7:  700-ns settling time.
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DIG_Grp_Mode configures the group handshake signals according to the specified port assignment and
direction. After system startup, the default handshake mode for each group is as follows:
pulseOrLevel = 0: level handshake signals.
edge = 0: edge parameter not valid because pulseOrLevel = 0.
requestPolarity = 0: request handshake signal is not inverted (active high).
acknowledgePolarity = 0: acknowledge handshake signal is not inverted (active high).
settlingTime = 0: no settling time.

DIG_Grp_Mode needs to be called only if different handshake modes are required. Refer to the NB-DIO-32F
User Manual for handshake timing and mode information.

DIG_Grp_Status

Function
Returns a status word indicating the handshake state of the specified group (NB-DIO-32F only).

Synopsis

CSyntax locus 132 DIG_Grp_Status(u32 deviceNumber, u32 group, ulé *status);

Pascal Syntax function DIG_Grp_Status (deviceNumber : i32; group : 132; var
status : il6) : 1i32;

BASIC Syntax | FN DIG_Grp_Status (deviceNumber&, group&, statusé&)

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

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

status returns the handshake status of the group. The significance of status depends on the configuration of the
group. If the group is configured as an input group, status = 1 indicates that data has been latched into the ports
making up that group. If the group is configured as an output group, status = 1 indicates that an external device
has latched the output of the ports making up the group and that new data can be written to the group.

DIG_Grp_Status reads the handshake status of the specified group, and returns an indication of the group
status in status. DIG_Grp_Status, along with DIG_Out_Group and DIG_In_Group, facilitates
handshaking of digital data between systems. If the specified group is configured as an input group and
DIG_Grp_Status returns status = 1, then DIG_In_Group can executed to retrieve the data an external
device has latched in. If the specified group is configured as an output group and DIG_Grp_Status returns
status = 1, then DIG_Out_Group can be called to write the next piece of data to the external device. If the
specified group is not assigned any ports, then an error code and status = 0 are returned.

DIG_Grp_Config must be called to assign ports to a group and to configure a group for data direction.
Group configuration is discussed in the DIG_Grp_Config description earlier in this chapter.

The state of status corresponds to the NB-DIO-32F DRDY bit and signal. Refer to the NB-DIO-32F User
Manual for handshake timing details.
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DIG_In_Group

Function
Reads digital input data from the specified digital group (NB-DIO-32F only).

Synopsis

ocus 1 DIG_In_Group (u eviceNumber, u group, u pattern);
CSyntaX 1 i32 (u32 devi b 32 32 * )

Pascal Syntax function DIG_In_Group (deviceNumber : i32; group : 132; var pattern
: 132) : 132;

BASIC Syntax | FN DIG_In_Group (deviceNumber&, group&, pattern&)

Description

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

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

pattern returns the digital data read from the ports in the specified group.
Range: 0 through 255 for group size = 1.
0 through 65,535 for group size = 2.
0 through 232-1 for group size = 4.

pattern is an 8-bit, 16-bit, or 32-bit value, depending on the group size, and is mapped to the digital input lines.
The pattern is mapped as follows to the digital input ports that make up the group:

» If the group contains one port, the eight bits read from that port are returned in the low-order eight bits of
pattern.

»  If the group contains two ports, the 16 bits read from the ports are returned in the low-order 16 bits of
pattern. If the group contains Ports 0 and 1, the value read from Port 1 is returned in the low-order eight
bits and the value read from Port O is returned in the next eight bits. If the group contains Ports 2 and 3, the
value read from Port 3 is returned in the low-order eight bits and the value read from Port 2 is returned in
the next eight bits. The two ports are read from simultaneously.

» If the group contains all four ports, all 32 bits read from the ports are returned in pattern. The least
significant eight bits are read from Port 3, the next eight bits are read from Port 2, the next eight bits are
read from Port 1, and the most significant eight bits are read from Port 0. The four ports are read from
simultaneously.

Note: The MOST significant bits are read from the LOWEST numbered port, and the LEAST significant bits are
read from the HIGHEST numbered port.

DIG_In_Group returns the digital data from the group on the specified board. All ports making up the group
are read simultaneously. If the group is configured as an input group, reading that group returns the digital logic
state of the lines of the ports in the group as some external device is driving them. If the group is configured as
an output group and has read-back capability, reading the group returns the output state of that group. If no
ports have been assigned to the group, the operation is not performed and an error code is returned.
DIG_Grp_Config must be called to assign ports to a group and to configure the group as an input or output
group.
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DIG_In_Line

Function
Returns the digital logic state of the specified digital input line in the specified port.

Synopsis

C Syntax locus i32 DIG_In_Line(u32 deviceNumber, u32 port, u32 line, ulé
*state);

Pascal Syntax function DIG_In_Line (deviceNumber : 1i32; port : 1i32; line : 1i32;
var state : il6) : i32;

BASIC Syntax | FN DIG_In_Line (deviceNumber&, port&, line&, states)

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

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

line is the digital line to be read.
Range: 0 through k-1, where £ is the number of digital I/O lines making up the port.

state returns the digital logic state of the specified line.
1: digital line is at a digital logic low.
0: digital line is at a digital logic high.

DIG_In_Line returns the digital logic state of the specified digital line in the specified port. If the specified
port is configured as an input port, the state of the specified line is determined by how some external device is
driving it. If the port is configured as an output port and the port has read-back capability, the state of the line is
determined by how that port itself is driving it.

Note: DIG_Prt_Confiqg must be called to configure a digital 1/0 port as an input or output port.

DIG_In_Port

Function
Reads digital input data from the specified digital port.

Synopsis

ntax locus i32 DIG_In_Port (u32 deviceNumber, u32 port, u8 *pattern);
ynta

Pascal Syntax function DIG_In_Port (deviceNumber : i32; port : i32; var pattern :
ile) : i32;

BASIC Syntax | FN DIG_In_Port (deviceNumber&, porté&, pattern&)

Description
deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.
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port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

pattern is the digital data to be written to the specified port.
Range: 0 through 255.

pattern returns the 8-bit value that is mapped from the digital output lines making up the port such that bit 0,
the least significant bit, corresponds to digital input line 0. If the port is less than eight bits wide, only the high-
order bits in pattern are set to 0. For example, since ports 0 and 1 on the NB-MIO-16 and NB-MIO-16X are
four bits wide, only bits 0 through 3 of pattern reflect the digital state of these ports.

DIG_In_Port reads the digital data from the port on the specified board. If the port is configured as an input
port, reading that port returns the digital logic state of the lines as some external device is driving them. If the
port is configured as an output port and has read-back capability, reading the port returns the output state of that
port.

Note: DIG_Prt_Confiqg must be called to configure a digital 1/0 port as an input or output port.

DIG_Line_Config

Function
Configures the specified line in the specified port for the direction (input or output) selected.

Synopsis

C Syntax locus i32 DIG_Line_Config(u32 deviceNumber, u32 port, u32 line, u32
direction);

Pascal Syntax function DIG_Line_Config(deviceNumber : i32; port : i32; line :
i132; direction : 132) : 1i32;

BASIC Syntax | FN DIG_Line_Config(deviceNumber&, porté, line&, directiong)

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

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

line is the digital line to be configured.
Range: 0 through k-1, where k& is the number of digital I/O lines making up the port.

direction indicates the direction, input or output, to configure the line.
0: line is an input line (default).
1: line is an output line.

With DIG_Line_Config, a port can have any combination of input and output lines. Use
DIG_Prt_Config to set all lines on the port to be either all input or all output lines.
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DIG_Out_Group

Function
Writes digital output data to the specified digital group (NB-DIO-32F only).

Synopsis

CSyntax locus i32 DIG_Out_Group (u32 deviceNumber, u32 group, u32 pattern);

Pascal Syntax function DIG_Out_Group (deviceNumber : 132; group : 1i32; pattern :
i32) : 132;

BASIC Syntax | FN DIG_Out_Group (deviceNumber&, groupé&, patterné&)

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

group is the handshake group number.
Range: 0 through n-1, where n is the number of groups on the board.

pattern is the digital data to be written to the specified port.
Range: 0 through 255 for group size = 1.
0 through 65,535 for group size = 2.
0 through 232-1 for group size = 4.

pattern is an 8-bit, 16-bit, or 32-bit value, depending on the group size, and is mapped to the digital output
lines. The pattern is mapped as follows to the digital output ports that make up the group:

» If the group contains one port, the low-order eight bits of pattern are written to that port.

* If the group contains two ports, the low-order 16 bits of pattern are written to the ports. If the group
contains Ports 0 and 1, the low-order eight bits are written to Port 1 and the next eight bits are written to
Port 0. If the group contains Ports 2 and 3, the low-order eight bits are written to Port 3 and the next eight
bits are written to Port 2. The two ports are written to simultaneously.

» If the group contains all four ports, all 32 bits of pattern are written to the ports. The least significant eight
bits are written to Port 3, the next eight bits are written to Port 2, the next eight bits are written to Port 1,
and the most significant eight bits are written to Port 0. The four ports are written to simultaneously.

Note: The MOST significant bits are written to the LOWEST numbered port, and the LEAST significant bits
are written to the HIGHEST numbered port.

DIG_Out_Group writes the specified digital group data to the group on the specified board. All ports in the
group are updated simultaneously. If the specified group has not been configured as an output group, the

operation is not performed and an error is returned. If no ports have been assigned to the specified group, the
operation is not performed and an error is returned. DIG_Grp_Config must be called to configure a group.
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DIG_Out_Line

Function

Sets or clears the specified digital output line in the specified digital port.

Synopsis

Chapter 5

C Syntax locus 132 DIG_Out_Line (u32 deviceNumber, u32 port, u32 line, u32
state);

Pascal Syntax function DIG_Out_Line (deviceNumber : i32; port : i32; line : 1i32;
state : i32) : i32;

BASIC Syntax | FN DIG_Out_Line (deviceNumber&, porté&, line&, states)

Description

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

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

line is the digital output line to be written to.
Range: 0 through k-1, where k is the number of digital I/O lines making up the port.

state is the digital state to set the line to.
0: digital line is set to a digital logic low.
1: digital line is set to a digital logic high.

DIG_Out_Line sets the digital line in the specified port to the specified state. The remaining digital output
lines making up the port are not affected by this call. If the port has not been configured as an output port, the
operation is not performed and an error is returned. DIG_Prt_Config must be called to configure a digital
I/O port as an output port.

DIG_Out_Port

Function

Writes digital output data to the specified digital port.

Synopsis

C Syntax locus i32 DIG_Out_Port (u32 deviceNumber,

u32 port, u32 pattern);

Pascal Syntax function DIG_Out_Port (deviceNumber
i32) : 132;

i32; port : i32; pattern

BASIC Syntax | FN DIG_Out_Port (deviceNumberg,

patterng)

Description
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deviceNumber is the device number of the board you want NI-DAQ to use for this function. Please refer to the
Devices section in Chapter 1, Getting Started, for more information.
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port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

pattern is the digital data to be written to the specified port.
Range: 0 through 255.

pattern is the 8-bit value that is mapped to the digital output lines making up the port such that bit O, the least
significant bit, corresponds to digital output line 0. If the port is less than eight bits wide, only the low-order
bits in pattern affect the port. For example, since Ports 0 and 1 on the NB-MIO-16 and NB-MIO-16X are four
bits wide, only bits O through 3 of pattern affect the digital output state of these ports.

DIG_Out_Port writes the specified digital data to the port on the specified board. If the specified port has
not been configured as an output port, the operation is not performed and an error is returned.
DIG_Prt_Config must be called to configure a digital I/O port as an output port.

DIG_Prt_Config

Function
Configures the specified port for direction (input or output) and handshake mode.

Synopsis

CSyntaX locus 132 DIG_Prt_Config(u32 deviceNumber, u32 port, u32 direction,
u32 mode) ;

Pascal Syntax function DIG_Prt_Config(deviceNumber : i32; port : i32; direction
: 132; mode : i32) : 1i32;

BASIC Syntax | FN DIG_Prt_Config(deviceNumbers, porté&, directiong, mode&)

Description

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

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

direction selects the direction, input or output, for which the port is to be configured.
0: port is configured as an input port (default).
1: port is configured as an output port.

mode selects the handshake mode that the port is to be configured to use.

0: port is configured for no-handshaking (nonlatched) mode.

1: port is configured for handshaking (latched) mode. mode = 1 is valid only for Ports 0, 1, 3,4, 6,7, 9,
and 10 of the NB-DIO-96 and PCI-DIO-96, or for Ports 0 and 1 of the NB-DIO-24, DAQCard-DIO-24,
NB-PRL, Lab and 1200 series. mode = 0 must be used for all other ports and boards that do not permit
handshaking. The NB-DIO-32F utilizes handshaking, but only through the group calls (see
DIG_Grp_Config).

DIG_Prt_Config configures the specified port according to the specified direction and handshake mode.
Any configuration that is invalid for the specified port returns an error, and the port configuration is not
changed. Information about the valid configuration of any digital I/O port is given at the beginning of this
chapter.

DIG_Prt_Config returns an error if the specified port has been assigned to a group.
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After system startup, all digital I/O ports are configured as follows:

direction = 0: input port
mode = 0: no-handshaking mode

Additionally, ports on the NB-DIO-32F are not assigned to any group. If this is not the digital I/O configuration
you want, you must call DIG_Prt_Config to change the port configuration. You must call
DIG_Grp_Config to use handshaking modes on the NB-DIO-32F.

DIG_Prt_Status

Function
Returns the handshake state of the port (NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL,
Lab and 1200 series only).

Synopsis

CSyntax locus i32 DIG_Prt_Status(u32 deviceNumber, u32 port, ulé *status);

Pascal Syntax function DIG_Prt_Status (deviceNumber : i32; port : i32; var status
ile) : 1i32;

BASIC Syntax | FN DIG_Prt_Status (deviceNumber&, porté&, statusé)

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

port is the digital I/O port number.
Range: 0 through n-1, where n is the number of digital I/O ports on the board.

status returns the handshake status of the port. status is either 1 or 0. The significance of status depends on
the port configuration. If the port is configured to be an input port, status = 1 indicates that data has been
latched into the port. If the port is configured to be an output port, status = 1 indicates that an external device
has latched the port output and new data can be written to the port.

DIG_Prt_Status reads the handshake status of the specified port and returns the port status in status.
DIG_Prt_Status, along with DIG_Out_Port and DIG_In_Port, facilitates handshaking of digital data
between systems. If the specified port is configured as an input port, DIG_Prt_Status indicates when to
call DIG_In_Port to fetch the data that an external device has latched in. If the specified port is configured
as an output port, DIG_Prt_Status indicates when to call DIG_Out_Port to write the next piece of data
to the external device. If the specified port is not configured for handshaking, an error code and status = 0 are
returned.

Refer to the user manual for each board for handshake timing information. If the port is configured for input
handshaking, status corresponds to the state of the IBF bit. If the port is configured for output handshaking,
status corresponds to the state of the OBF* bit. These bits and how they correspond to handshaking events are
covered in the user manual for each board.

Note: DIG_Prt_Config must be called to configure a port for data direction and handshaking
operation.
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DIG_Scan_Setup

Function
Configures the specified group for port assignment, direction (input or output), and size (NB-DIO-96,
PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series only).

Synopsis

C Syntax locus i32 DIG_Scan_Setup(u32 deviceNumber, u32 group, u32 groupSize,
ul6é *portList, u32 direction);

Pascal Syntax function DIG_Scan_Setup (deviceNumber : 132; group : i32; groupSize
: 1i32; portList : pil6; direction : i32) : 132;

BASIC Syntax | FN DIG_Scan_Setup (deviceNumber&, group&, groupSize&, portLists,
directioné&)

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

group is the group to be configured.
Range: 0 through 1 for the NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series.
0 through 7 for the NB-DIO-96 and PCI-DIO-96.

groupSize selects the number of 8-bit ports in the group.
Range: 0 through 2 for the NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series.
0 through 8 for the NB-DIO-96 and PCI-DIO-96.
Note: 0 is to unassign any ports previously assigned to group.

portList is the list of ports in group. The order of the ports in the list determines how data is interleaved in the
user's buffer when DIG_B1k_Start is called. The last port in the list determines the port whose handshaking
signal lines are used to communicate with the external device and to generate hardware interrupts.
Range: 0 or 1 for the NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200 series.
0,1,3,4,6,7,9, or 10 for the NB-DIO-96 and PCI-DIO-96.

direction selects the direction, input or output, to which the group is to be configured.
0: group is configured as an input group (default).
1: group is configured as an output group.

DIG_Scan_Setup configures the specified group to contain the specified ports with the specified assignment
and direction. If groupSize is 0, any ports previously assigned to group are released. Any configurations not
supported by or invalid for the specified group return an error, and the group configuration is not changed.
Ports assigned to a group are subsequently written to or read from as a group using DIG_Blk_Start. Any
ports assigned to a group can no longer be accessed through any of the non-group calls listed previously.

Because each port on the NB-DIO-96, PCI-DIO-96, NB-DIO-24, DAQCard-DIO-24, NB-PRL, Lab and 1200
series has its own handshaking circuitry, extra wiring may be necessary to make data transfer of a group with
more than one port reliable. If the group has only one port, no extra wiring is needed.

Each input port has a different Strobe Input (STB*) control signal.
PC4 on the I/O connector is for Port 0.
PC2 on the I/O connector is for Port 1.

Each input port also has a different Input Buffer Full (IBF) control signal.

PCS5 on the I/O connector is for Port 0.
PC1 on the I/O connector is for Port 1.
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Each output port has a different Output Buffer Full (OBF*) control signal.
PC7 on the I/O connector is for Port 0.
PC1 on the I/O connector is for Port 1.

Each output port also has a different Acknowledge Input (ACK*) control signal.
PC6 on the I/O connector is for Port 0.
PC2 on the I/O connector is for Port 1.

On the NB-DIO-96 and PCI-DIO-96 I/O connector, 4 different sets of PC pins can be found. They are APC,
BPC, CPC, and DPC. APC pins correspond to Port 0 and Port 1, BPC pins correspond to Port 3 and Port 4,
CPC pins correspond to Port 6 and Port 7, and DPC pins correspond to Port 9 and Port 10. For example, CPC7
is the Output Buffer Full (OBF) control signal for Port 6 and CPC1 is the OBF signal for Port 7 if both ports are
configured as handshaking output ports.

If a group of ports is configured for input, you need to connect all the corresponding Strobe Input (STB) lines
together and connect them to the appropriate handshaking signal of the external device. Only the Input Buffer
Full (IBF) of the last port in portList should be connected to the external device. No connection is needed for
the IBF of the other port(s) in portList.

STB*|l—
Port x
IBH-
STB*|-f—e
Portx »
IBH~
[
[ )
L)
ES
STB* |- External Device
Portx ,
IBH _
(last port in portList)

Figure 5-3. Digital Scanning Input Group Handshaking Connections

If a group of ports is configured as output, you should not make any connection on the control signals except
those for the last port in portList. You should make the connection with the external device as if only the last
port in portList is in the group. No connection is needed for any other port in the list.
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ACK*f——
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Portx »
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(last port in portList)

Figure 5-4. Digital Scanning Output Group Handshaking Connections

For NB-DIO-24, DAQCard-DIO-24, and NB-PRL users, the correct W1 jumper setting is required to allow
DIG_Blk_Start to function properly. As long as Port O is not configured as a handshaking output port, the
jumper should be set to PC6; otherwise, the jumper should be set to PC4.
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Chapter 6
Data Acquisition Functions

This chapter explains the functions used for performing data acquisition operations. Single-channel acquisition,
multiple-channel scan acquisition, interval scanning, pretrigger mode, posttrigger mode, double-buffered mode, and
AMUX-64T multiplexer mode are all documented. These Data Acquisition functions are used with the National
Instruments boards for the Macintosh. There are three sets of functions described: the Single-Buffered Data
Acquisition functions (DAQ and SCAN), the Double-Buffered Data Acquisition functions (DAQ2), and the Multiple-
Channel Data Acquisition functions (MDAQ).

The Single-Buffered Data Acquisition functions (DAQ, Lab_ISCAN, and SCAN) acquire a specified number of
samples from one or more channels and return the data when the acquisition is complete.

The Double-Buffered Data Acquisition functions (DAQ2) can acquire samples from one or more channels into a
circular buffer. With double-buffering, data can be retrieved from an acquisition in progress without interrupting the
acquisition. Data can be collected continuously using a fixed amount of memory.

The Multiple-Channel Data Acquisition functions (MDAQ) retrieve multiple frames of data from one or more
channels. Each frame is associated with a trigger and can contain both pre-trigger and post-trigger information.
With the MDAQ functions, data can be retrieved from an acquisition in progress without interrupting the acquisition.

See Appendix A to determine which function set works with your board.
Note:  If you are using analog input SCXI modules, you need to program the SCXI hardware first using the

SCXI functions in Chapter 7, SCXI Functions, before using the Data Acquisition functions in this
chapter.

Data Acquisition Hardware
Table 6-1 shows the data acquisition hardware characteristics.

Table 6-1. Hardware Characteristics

Device Analog Input Bits Gains Input Ranges
Channels
NB-MIO-16 0-15 (single-ended) | 12-bit 1, 10, 100, 500 (16L) 0 to 10 V (unipolar)
0-7 (differential) 1,2,4, 8 (16H) -5 to +5 V (bipolar)
-10to +10 V (bipolar)
NB-MIO-16X 0-15 (single-ended) | 16-bit 1, 10, 100, 500 (16XL) | 0 to 10 V (unipolar)
0-7 (differential) 1,2, 4, 8 (16XH) 0 to 5 V (unipolar)
-5 to +5 V (bipolar)
-10 to +10 V (bipolar)
PCI-MIO-16XE-50 | 0-15 (single-ended) | 16-bit 1,2, 10, 100 0 to 10 V (unipolar)
0-7 (differential) -10 to +10 V (bipolar)
DAQCard-500 0-7 (single-ended) 12-bit 1 No Hardware Jumpers
DAQCard-700 0-15 (single-ended) | 12-bit 1 No Hardware Jumpers
0-7 (differential)
PCI-1200 0-7 (single-ended) 12-bit 1, 2,5, 10, 20, 50, 100 | Oto 10 V (unipolar)
DAQCard-1200 0,2,4,6 -10 to +10 V (bipolar)
(differential)
Lab-NB, Lab-LC 0-7 (single-ended) 12-bit 1,2,5,10, 20,50, 100 | Oto 10 V (unipolar)
-5 to +5 V (bipolar)
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NB-MIO-16 and NB-MIO-16X Data Acquisition

The NB-MIO-16 and NB-MIO-16X analog input channels are multiplexed into a single software programmable gain
stage and 12-bit (NB-MIO-16) or 16-bit (NB-MIO-16X) ADC.

Data acquisition with the NB-MIO-16 or NB-MIO-16X is performed in two modes: single-channel data acquisition
and multiple-channel scan data acquisition. Single-channel data acquisition involves selecting a single analog input
multiplexer and gain setting. Multiple-channel scan data acquisition can be used to scan a set of analog input
channels, each with its own gain setting, in a round-robin mode. In this mode, a scan sequence is stored with a
specified analog channel and gain setting for each step in Mux-Gain Memory on the NB-MIO-16 or NB-MIO-16X.
The length of this scan sequence on the NB-MIO-16 can be 2, 4, 8, or 16. On the NB-MIO-16X, the length of the
scan sequence can be 1 through 16.

During scanning, the analog input circuitry is set to the next entry in the scan sequence and an A/D conversion is
performed once every sample interval. For maximum performance, this operation is pipelined so that the next
channel is switched to while the current A/D conversion is performed.

On the NB-MIO-16, only one sampling interval is used for multiple-channel scanning acquisitions. This interval is
the amount of time to elapse between each A/D conversion. When the end of the scan sequence is reached on the
NB-MIO-16, the sequence starts over again until the required number of samples have been acquired.

The NB-MIO-16X has additional timing capabilities for multiple-channel scanning acquisitions. Besides choosing a
sample interval (the time between samples from two different channels), you can also select a scan interval (the time
between samples on any one channel). During scanning on the NB-MIO-16X, an A/D conversion is performed once
every sample interval. When the end of the scan sequence is reached, the NB-MIO-16X waits for the remainder of
the scan interval before scanning the channels again. The channels are scanned repeatedly at the beginning of each
scan interval until the required number of samples have been acquired. Interval scanning has the advantage of
simulating simultaneous sampling of a group of channels once every scan interval. A comparison of the scan
interval and the sample interval is shown in Figure 6-1.

Interval scanning is also supported for the NB-MIO-16 in the following special case: If an SCXI_SCAN_Setup
call has been made to set up an SCXI scan that includes an SCXI-1140 module, then the SCAN_IntStart call is
able to implement interval scanning on the NB-MIO-16 as well as the NB-MIO-16X. In this special case, the
sample timebase and the scan timebase specified must be the same. In all other cases, however, interval scanning is
only available on the NB-MIO-16X.

SCXI modules can be used as a data acquisition front end for the NB-MIO-16 or the NB-MIO-16X to provide signal
conditioning for the input signals and channel multiplexing. The SCXI functions described in Chapter 7 set up the
SCXI modules for data acquisition operations to be performed by the NB-MIO-16 or NB-MIO-16X.

Sample Sample
Interval Interval
<+—> <+—>

/Channel 0

I —
/\ /\ Channel 1
~_ N

< >
Scan Intervals

>

Figure 6-1. NB-MIO-16X Interval Scanning
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NB-MIO-16 and NB-MIO-16X Data Acquisition Timing

Timing for data acquisition can be performed by the onboard counter/timers or can be performed externally. Data
acquisition timing involves the following timing signals:

Signal Name Description

Trigger An edge-triggered signal that initiates a data acquisition sequence. A trigger can be
supplied either externally through the I/O connector EXTTRIG* input on the
NB-MIO-16, the I/O connector STARTTRIG* input on the NB-MIO-16X or under
software control.

Conversion pulses Generate a pulse once every sample interval, causing an A/D conversion to be initiated.
This signal can be generated by the onboard programmable sample-interval clock
supplied by the counter/timer or can be supplied externally through the I/O connector
EXTCONV* input.

Note: In most cases, external conversion pulses should not be used in scanning
operations when SCXI is being used in multiplexed mode. The MIO-16 has
no way of masking conversions before the data acquisition begins, so any
conversion pulses that occur before the acquisition is triggered will advance
the SCXI channels, causing the data for the channels to be shifted in the

buffer.

Sample counter Counts the number of A/D conversions (samples) when conversion pulses are generated
by the onboard sample-interval counter, and shuts down the data acquisition timing
circuitry when the desired number of samples have been acquired.

Gate A level-triggered signal that, when low, holds off data acquisition timing. This signal
can be supplied externally through the I/O connector EXTGATE input on the
NB-MIO-16.

Timebase clock Supplies the timebase for the sample interval counter. Onboard selections of 1 MHz,

100 kHz, 10 kHz, 1 kHz, or 100 Hz are available. An external timebase clock can be
supplied through the I/O connector at the SOURCES input on the NB-MIO-16 and
NB-MIO-16X.

See the NB-MIO-16 User Manual or the NB-MI0O-16X User Manual for more information regarding these signals.

NB-MIO-16 Data Acquisition Rates

The maximum recommended data acquisition rates for both single-channel and multiple-channel data acquisition are
given below. These rates represent the fastest data conversion times that the board can achieve and still maintain
accuracy. The data acquisition rates given later in this chapter allow for settling to a 10 V input signal change
between conversions. It is possible to operate at faster speeds; however, accuracy may be compromised. Data
acquisition errors occur if the following sample rates are exceeded by a large amount.

Maximum recommended data acquisition rates on a single channel (any gain setting) for the NB-MIO-16 are given
in Table 6-2.

Table 6-2. Maximum Data Acquisition Rates for Single Channels on the NB-MIO-16

Board Typical Worst Case
NB-MIO-16(H/L)-25 45 kS/s 37 kS/s
NB-MIO-16(H/L)-15 71 kS/s 59 kS/s
NB-MIO-16(H/L)-9 100 kS/s 91 kS/s
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With multiple-channel scan data acquisition, extra time is required by the data acquisition circuitry for
gain/multiplexer settling due to channel switching. This required settling time depends on the gain setting used for
each channel. Also, this settling time limits data acquisition rates. The recommended settling time versus gain for
the NB-MIO-16 is given in Table 6-3.

Table 6-3. Recommended Settling Time Versus Gain for the NB-MIO-16

Gain Setting Recommended Settling Time
1,2,4,8 10 ps
10 20 us
100 40 ps
500 80 us

The maximum recommended data acquisition rates using multiple-channel scanning (gain dependent) for the
NB-MIO-16 are shown in Table 6-4.

Table 6-4. Maximum Data Acquisition Rates for Multiple Channels on the NB-MIO-16

Board Gain Typical Worst Case

NB-MIO-16(H/L)-25 1,2,4,8,10 45 kS/s 37 kS/s
100 25 kS/s
500 12.5 kS/s

NB-MIO-16(H/L)-15 1,2,4,8 71 kS/s 59 kS/s
10 50 kS/s
100 25 kS/s
500 12.5kS/s

NB-MIO-16(H/L)-9 1,2,4,8 100 kS/s 91 kS/s
10 50 kS/s
100 25 kS/s
500 12.5kS/s

If you are using SCXI with your DAQ board, refer to the SCXI Data Acquisition Rates section for the effect of SCXI
module settling time on your DAQ board rates.

NB-MIO-16X Data Acquisition Rates

The maximum recommended data acquisition rates for both single-channel and multiple-channel data acquisition
represent the fastest data throughput that the board is able to achieve and still maintain accuracy. The data
acquisition rates given below allow for settling to a 10 V input signal change between conversions. It may be
possible to operate at faster speeds; however, accuracy may be compromised. Data acquisition errors occur if the
sample rates are exceeded by a large amount.

Maximum recommended data acquisition rates on a single channel (any gain setting) for the NB-MIO-16X are given
in Table 6-5.
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Table 6-5. Maximum Data Acquisition Rates for Single Channels on the NB-MIO-16X

Board Acquisition Rate
NB-MIO-16X(H/L)-42 23.8 kS/s
NB-MIO-16X(H/L)-18 55.6 kS/s

With multiple-channel scan data acquisition, extra time is required by the data acquisition circuitry to allow for
gain/multiplexer settling due to channel switching. This required settling time depends on the gain setting used for
each channel. Also, this settling time limits data acquisition rates.

The recommended settling time versus gain for the NB-MIO-16X is given in Table 6-6.

Table 6-6. Recommended Settling Time Versus Gain for the NB-MIO-16X

Gain Setting Accuracy

0.01% 0.005% 0.5LSB
1,2,4,8, 10 30 us 50 us 200 us
100 50 ps 50 ps 500 ps
500 50 ps 100 ps 500 ps

The maximum data acquisition rates for multiple channel scanning (gain dependent) for the NB-MIO-16X are given
in Table 6-7.

Table 6-7. Maximum Data Acquisition Rates for Multiple Channels on the NB-MIO-16X

Board Gain Data Acquisition Rate
0.01% Settling 0.005% Settling 0.5 LSB Settling
NB-MIO-16X(H/L)-42 1,2,4,8,10 23.8 kS/s 20 kS/s 5kS/s
100 20 kS/s 20 kS/s 2 kS/s
500 20 kS/s 10 kS/s 2 kS/s
NB-MIO-16X(H/L)-18 1,2,4,8,10 33.3kS/s 20 kS/s 5kS/s
100 20 kS/s 20 kS/s 2 kS/s
500 20 kS/s 10 kS/s 2 kS/s

If you are using SCXI with your DAQ board, refer to the SCXI Data Acquisition Rates section for the effect of SCXI
module settling time on your DAQ board rates.

Lab and 1200 Series Data Acquisition

The Lab and 1200 series contain eight single-ended analog input channels numbered O through 7. The analog input
channels are multiplexed into a single software-programmable gain state and 12-bit ADC. Seven gains are provided
on the Lab and 1200 series: 1, 2, 5, 10, 20, 50, and 100.

Analog input on the Lab-NB can be configured for two different nominal input ranges:

. 0 to +10 V (unipolar)

e -5to+5 V (bipolar)
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Data acquisition with the Lab and 1200 series uses one of two modes: single-channel data acquisition or multiple-
channel scanned data acquisition. Single-channel data acquisition involves selecting a single analog input
multiplexer and gain setting. In multiple-channel scanned data acquisition, a set of analog input channels is scanned
with a single gain setting in a round-robin mode. This scanning is performed by specifying the number of channels
to be scanned and the gain setting to be used for the scanning operation. During scanning, the analog input circuitry
is set to the next channel in the scan sequence, and an A/D conversion is performed. When the end of the scan
sequence is reached, the sequence is started over again until the required number of samples have been acquired.

The PCI-1200 and DAQCard-1200 boards support interval scanning. A scan interval is the time that elapses
between two channel-scanning cycles.

SCXI modules can be used as a data acquisition front end for the Lab and 1200 series to provide signal conditioning
for the input signals. All the modes described above can be used in conjunction with SCXI for single channel
acquisitions; however, multiple-channel scanned acquisitions are only supported when using the SCXI-1120 or
SCXI-1121 modules in parallel mode. The SCXI functions described in Chapter 7 set up the SCXI modules for data
acquisition operations to be performed by the Lab and 1200 series.

Lab and 1200 Series Data Acquisition Timing

Timing for data acquisition is provided by the onboard counter/timers or can be performed externally. Data
acquisition timing involves the following timing signals:

Signal Name Description

Trigger An edge-triggered signal that initiates a data acquisition sequence. A trigger can be
supplied externally through the I/O connector EXTTRIG input.

Conversion pulses Generate a pulse once every sample interval, causing an A/D conversion to be
initiated. This signal can be generated by the onboard programmable sample interval
clock supplied by a Counter/Timer or can be supplied externally through the I/O
connector EXTCONV* input.

Sample counter Counts the number of A/D conversions (samples) when conversion pulses are
generated by the onboard sample interval counter, and shuts down the data
acquisition timing circuitry when the desired number of samples have been acquired.

Timebase clock Provides the timebase for the sample interval counter. Onboard selections of 1 MHz,
100 kHz, 10 kHz, 1 kHz, or 100 Hz are available.

See the specific board user manuals for more information regarding these signals.

Lab and 1200 Series Counter/Timer Signals

The onboard Counter AO is used to produce the total sample interval for data acquisition. However, if the total
sample interval is greater than 65,535 us, Counter BO is used to generate the clock for a slower timebase, which is
used by Counter AQ to provide the total sample interval. Counter BO then cannot be used by the ICTR_Setup and
ICTR_Reset functions for the duration of the data acquisition operation. Counter B0 also cannot be used by the
Waveform Generations functions if the total update interval for waveform generation is also greater than 65,535 us
and Counter BO is required to produce a timebase for waveform generation different from the timebase being
produced by Counter BO for data acquisition. Counter B0 is available for data acquisition under the following
conditions:

» If waveform generation is not in progress and no ICTR_Setup call has been made on Counter BO since
startup.

»  If waveform generation is not in progress and an ICTR_Reset call has been made on Counter BO.
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» If waveform generation is in progress and is using Counter B0 to obtain the timebase required to produce the
total update interval, this timebase is the same as required by the Data Acquisition functions to produce the total
sample interval. In this case, Counter B0 is used to provide the same timebase for both data acquisition and
waveform generation.

Lab and 1200 Series Data Acquisition Rates

The maximum recommended data acquisition rates for both single-channel and multiple-channel data acquisition
represent the fastest data throughput that the board is able to achieve and still maintain accuracy. The data
acquisition rates given below allow for settling to a 10 V input signal change between conversions. It may be
possible to operate at faster speeds; however, accuracy may be compromised. Data acquisition errors occur if the
sample rates are exceeded by a large amount.

With data acquisition, extra time is required by the data acquisition circuitry for gain/multiplexer settling due to
channel switching. This required settling time depends on the gain setting used for each channel and limits data
acquisition rates. The recommended settling time versus gain for the Lab and 1200 series is given in Table 6-8.

Table 6-8. Recommended Settling Time Versus Gain for the Lab and 1200 Series

Gain Setting Recommended Settling Time
1 16 ps
2,5 20 ps
10, 20 30 ps
50, 100 100 ps

The maximum recommended data acquisition rates for single and multiple channels for the Lab and 1200 series are

shown in Table 6-9.

Table 6-9. Maximum Data Acquisition Rates for Multiple Channels on the Lab and 1200 Series

Board Gain Data Acquisition Rate
Typical Worst Case

Lab-LC 1 62.5 kS/s

Lab-NB 2,5 50 kS/s
10, 20 33.3 kS/s
50, 100 10 kS/s

PCI-1200 1 90.9 kS/s 71.4 kS/s

DAQCard-1200 | 2,5, 10 76.9 kS/s 62.5 kS/s
20 66.7 kS/s 52.6 kS/s
50 37.0 kS/s 29.4 kS/s
100 16.7 kS/s 12.5 kS/s

If you are using SCXI with your DAQ board, refer to the SCXI Data Acquisition Rates section for the effect of SCXI
module settling time on your DAQ board rates.
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DAQCard-500 and DAQCard-700 Data Acquisition

The DAQCard-500 and DAQCard-700 can perform single-channel data acquisition and multiple-channel scanned
data acquisition. For single-channel data acquisition, you select a single analog input channel. The device performs a
single A/D conversion on that channel every sample interval.
For multiple-channel scanned data acquisition, the device scans a sequence of analog input channels. A sample
interval indicates the time to elapse between A/D conversions on each channel in the sequence. You need only to
select a single starting channel to select the sequence of channels to scan. The device then scans the channels in
consecutive order until channel O is reached and the scan begins anew with the starting channel. If the starting
channel is channel 3, for example, the scan sequence is as follows:

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

You can use both the single-channel and multiple-channel acquisitions with the double-buffered mode. Double-
buffered mode fills the user-specified buffer continuously.

You can use SCXI modules as a data acquisition front end for the DAQCard-700 to signal condition the input
signals and multiplex the channels. You can use all the modes just described in conjunction with SCXI for single-
channel acquisitions; however, multiple-channel acquisitions are only supported when using the SCXI-1120 or
SCXI-1121 modules in Parallel mode.

You cannot use the DAQCard-500 with SCXI.

DAQCard-500 and DAQCard-700 Data Acquisition Timing

Timing for data acquisition can be performed by the onboard MSM82C53 Counter/Timer or externally. The
MSMS82C53 Counter/Timer has three independent 16-bit counters/timers, which are assigned as follows:

*  Counter 0 is a sample-interval counter for data acquisition that is available if no data acquisition is in progress.
*  Counter 1 is available for general-purpose counting functions.

*  Counter 2 is available for general-purpose counting functions.

Data acquisition timing involves the following timing signals:

A conversion pulse is a signal that generates a pulse once every sample interval, causing the device to initiate an
A/D conversion. This signal can be generated by the onboard, programmable sample-interval clock supplied by the
MSMS82C53 Counter/Timer, or can be supplied externally through the I/O connector EXTCONV* input. You can
select external conversion pulses by calling DAQ_Config. If you do not want to use external conversion pulses,

you should disconnect the EXTCONV* pin on the I/O connector to prevent extra conversions.

A timebase clock is a clock signal that is the timebase for the sample-interval counter. Counter 0 of the MSM82C53
uses a | MHz clock as its timebase.

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

If you are using SCXI with your DAQCard-700, refer to the SCXI Data Acquisition Rates section later in this
chapter for the effect of SCXI module settling time on your DAQ device rates.

DAQCard-500 and DAQCard-700 Counter/Timers

The DAQCard-500 and DAQCard-700 contain an onboard MSM82CS53 Programmable Interval Timer chip that has
three independent 16-bit counter/timers. Counter O is used for data acquisition operations.
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E Series Data Acquisition

The E Series devices can perform single-channel data acquisitions and multiple-channel scanned data acquisitions.
For single-channel data acquisition, select a single analog input channel and gain setting. The device performs a
single A/D conversion on that channel every sample interval.

For multiple-channel scanned data acquisition, the device scans a set of analog input channels, each with its own
gain setting. In this method, a scan sequence indicates which analog channels to scan and the gain settings for each
channel. The length of this scan sequence can be 1 to 512 channel/gain pairs. During scanning, the analog input
circuitry performs an A/D conversion on the next entry in the scan sequence. The device performs an A/D
conversion once every sample interval. For maximum performance, this operation is pipelined so that the device
switches to the next channel while the current A/D conversion is performed. The device waits for a specified scan
interval before scanning the channels again. The channels are scanned repeatedly at the beginning of each scan
interval until the required number of samples has been acquired. For example, you can scan a sequence of four
channels once every 10 s. The device could sample the channels at the beginning of the 10 s interval, within 20 ps,
with a 5 ps sample interval between channels. If you use SCAN_Start, the scan sequence starts over again
immediately at the end of each scan sequence without waiting for a scan interval. This causes the device to scan the
channels repeatedly as fast as possible.

You can combine both single-channel and multiple-channel acquisition with any of the following additional modes:
*  Posttrigger mode

*  Pretrigger mode

*  Double-buffered mode

*  AMUX-64T mode

*  SCXI mode

Posttrigger mode collects a specified number of samples after the device receives a trigger. Refer to the start trigger
discussion in the appropriate data acquisition timing section for your device later in this chapter for details. After the
user-specified buffer is full, the data acquisition stops.

Pretrigger mode collects data both before and after the device receives a trigger in posttrigger mode, either through
software or by applying a hardware signal. The device collects samples and fills the user-specified buffer without
stopping until the device receives the stop trigger signal. Refer to the stop trigger discussion in the appropriate data
acquisition timing section for your device later in this chapter for details. The device then collects a specified
number of samples and stops the acquisition. The buffer is treated as a circular buffe—when the entire buffer has
been written to, data is stored at the beginning again, overwriting the old data. When data acquisition stops, the
buffer has samples from before and after the stop trigger occurred. The number of samples saved depends on the
length of the user-specified buffer and on the number of samples specified to be acquired after receipt of the trigger.
Double-buffered mode, like pretrigger mode, also fills the user-specified buffer continuously.

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

You can use SCXI modules as a data acquisition front end for the device to condition the input signals and multiplex
the channels. You can use all the modes just described in conjunction with SCXI.

Note: Refer to the Set_DAQ_Device_Info function in Chapter 2, Board-Specific Functions, for
information on data acquisition modes.

MIO E Series Data Acquisition Timing

The following DAQ-STC counters are used for data acquisition timing and control:

*  The scan counter is used to control the number of scans you will acquire. If you want to perform pretriggered
acquisition, this counter ensures that you acquire selected number of scans before the stop trigger is recognized.
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*  The scan timer is a counter that you can use for start scan timing.
»  The sample interval timer is a counter that you can use for conversion timing.
Data acquisition timing involves the following timing signals:

* A start trigger is a signal that initiates a data acquisition sequence. You can supply this signal externally
through a selected I/O connector pin, through a RTSI bus trigger line, or by software.

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

* A conversion signal initiates individual analog-to-digital (A/D) conversions. This signal can be supplied from
the on-board programmable sample timer, externally through a selected I/O connector pin, through a RTSI bus
trigger line, or by software.

* A stop trigger is a signal used for pretriggered data acquisition to notify your device to stop acquiring data after
a specified number of scans. Data acquisition operation is continuously performed until the device receives this
signal. This signal can be supplied externally through a selected I/O connector pin, through a RTSI bus trigger
line, or by software.

*  Gate is a signal used for gating the data acquisition. When you enable gating, the data acquisition will proceed
only on selected level of the gate signal. This signal can be supplied externally through a selected I/O connector
pin, through a RTSI bus trigger line.

»  Scan timer timebase is a signal used by the scan timer for scan interval timing. This signal is used only when the
scan timer is used. This signal can be supplied from one of the on-board timebase sources, externally through a
selected I/O connector pin, or through a RTSI bus trigger line.

o Sample interval timer timebase is a signal used by the sample interval timer for conversion timing. This signal is
used only when the sample interval timer is used. This signal can be supplied from one of the on-board timebase
sources, externally through a selected I/O connector pin, or through a RTSI bus trigger line.

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

DAQ devices with the DAQ-STC use two counters, the scan interval counter and the sample interval counter. The E
Series devices support both internal and external timebases. The internal timebases available on the DAQ-STC are
20 MHz (50 ns) and 100 kHz (10 ps). The scan interval counter is a 24-bit counter, and the sample interval counter
is a 16-bit counter.

While the scan interval counter has the freedom to work with both internal and external timebases, the sample
interval counter can use either the 20 MHz timebase or the timebase used by the scan interval counter.

MIO E Series Data Acquisition Rates
Refer to the appropriate user manual for single-channel and multiple-channel DAQ rates and settling accuracy.

If you are using SCXI with y