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by copyright and other intellectual property laws. Where NI software may be used to reproduce software or other materials
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terms of any applicable license or other legal restriction.
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U.S. Government Restricted Rights
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reproduction, release, modification, disclosure or transfer of the technical dataincluded in this manual is governed by the
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Patents
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Export Compliance Information
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Getting Started

The M Series User Manual containsinformation about using the National Instruments M Series
multifunction /O data acquisition (DAQ) devices with NI-DAQmXx 15.5 and later. M Series
devicesfeature up to 80 analog input (Al) channels, up to four analog output (AO) channels, up
to 48 lines of digital input/output (D10O), and two counters. This chapter provides basic
information you need to get started using your M Series device.

Safety Guidelines

Operate the NI 62xx M Series devices and modules only as described in this user manual.

A Caution NI 62xx devices and modules are not certified for use in hazardous
locations.

A Caution Never connect the +5V power terminalsto analog or digital ground or to
any other voltage source on the M Series device or any other device. Doing so can
damage the device and the computer. NI isnot liable for damage resulting from such
a connection.

A Caution The maximum input voltages rating of Al signalswith respect to ground
(and for signal pairsin differential mode with respect to each other) arelisted in the
specifications document for your device. Exceeding the maximum input voltage of
Al signals distorts the measurement results. Exceeding the maximum input voltage
rating also can damage the device and the computer. NI isnot liable for any damage
resulting from such signal connections.

A Caution Exceeding the maximum input voltage ratings, which are listed in the
specifications document for each M Series device, can damage the DAQ device and
the computer. NI isnot liable for any damage resulting from such signal connections.

A Caution Damage can result if theselinesare driven by the sub-bus. NI isnot liable
for any damage resulting from improper signal connections.
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Safety Guidelines for Hazardous Voltages

If hazardous voltages are connected to the device/module, take the following precautions. A
hazardous voltage is a voltage greater than 42.4 V. or 60 VDC to earth ground.

A Caution Ensure that hazardous voltage wiring is performed only by qualified
personnel adhering to local electrical standards.

A Caution Do not mix hazardous voltage circuits and human-accessible circuits on
the same module.

A Caution Make surethat chassis and circuits connected to the modul e are properly
insulated from human contact.

A Caution NI 62xx devices and modules provide no isolation.

Electromagnetic Compatibility Guidelines

This product was tested and complies with the regulatory requirements and limits for
electromagnetic compatibility (EM C) as stated in the product specifications. Theserequirements
and limits are designed to provide reasonable protection against harmful interference when the
product is operated in its intended operational electromagnetic environment.

This product is intended for usein industrial locations. Thereis no guarantee that harmful
interference will not occur in a particular installation, when the product is connected to a test
object, or if the product isused in residential areas. To minimize the potential for the product to
cause interference to radio and television reception or to experience unacceptable performance
degradation, install and use this product in strict accordance with the instructions in the product
documentation.

Furthermore, any changes or modifications to the product not expressly approved by National
Instruments could void your authority to operate it under your local regulatory rules.

A Caution To ensure the specified EMC performance, product installation requires
either special considerations or user-installed, add-on devices. Refer to the product
installation instructions for further information.

A Caution For compliance with Electromagnetic Compatibility (EMC)
reguirements, this product must be operated with shielded cables and accessories. If
unshielded cables or accessories are used, the EMC specifications are no longer
guaranteed unless all unshielded cables and/or accessories are installed in ashielded
enclosure with properly designed and shielded input/output ports.

A Caution Thisproduct may become more sensitive to el ectromagnetic disturbances
in the operational environment when test leads are attached or when connected to a
test object.
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Hardware Symbol Definitions

The following symbols are marked on your device or module.

A Caution When this symbol is marked on a product, refer to the Safety Guidelines
section for information about precautions to take.

E EU Customers At the end of the product life cycle, al products must be sent to

— aWEEE recycling center. For more information about WEEE recycling centers,
National Instruments WEEE initiatives, and compliance with WEEE Directive
2002/96/EC on Waste and Electronic Equipment, visit ni . cont envi r onnment /
weee.

@@ HEEF  National Instrurments £ & I 75 6 b BRI S 3281 S i &
(RoHS). T National Instruments H [E RoHS & HIPEE &, & &3 ni . coml
envi ronnent/rohs_chi na. (Forinformation about China RoHS compliance,
gotoni.com environnment/rohs_china.)

Installation

Before installing your multifunction I/O device, you must install the software you plan to use
with the device.

1. Installing application software—Refer to the installation instructions that accompany
your software.

2. Installing NI-DAQmx—The DAQ Getting Started Guide for PXI/PXI Express, DAQ
Getting Started Guide for PCI/PCI Express, or DAQ Getting Started Guide for Externally
Powered USB, packaged with your device or module, and also available onni . cont
manual s, contain step-by-step instructions for installing software and hardware,
configuring channels and tasks, and getting started developing an application.

3. Installing the hardware—Unpack your M Series device as described in the Unpacking
section. Refer tothe DAQ Getting Started Guide for PXI/PXI Express, DAQ Getting Started
Guide for PCI/PCI Express, or DAQ Getting Started Guide for Externally Powered USB
for information how toinstall your software and device or module. It also describes how to
confirm that your device or moduleis operating properly, configure your device or module,
run test panels, and take a measurement.

Unpacking

The M Series device shipsin an antistatic package to prevent electrostatic discharge (ESD).
ESD can damage several components on the device.

A Caution  Never touch the exposed pins of connectors.
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To avoid ESD damage in handling the device, take the following precautions:
e Ground yourself with a grounding strap or by touching a grounded object.

«  Touch the antistatic package to ametal part of your computer chassis before removing the
device from the package.

Remove the device from the package and inspect it for loose components or any other signs of
damage. Notify NI if the device appears damaged in any way. Do not install a damaged device
in your computer or chassis.

Store the device in the antistatic package when the device is not in use.

Device Self-Calibration

NI recommends that you self-calibrate your M Series device after installation and whenever the
ambient temperature changes. Self-calibration should be performed after the device haswarmed
up for the recommended time period. Refer to the device specifications to find your device
warm-up time. This function measures the onboard reference voltage of the device and adjusts
the self-calibration constants to account for any errors caused by short-term fluctuationsin the
environment. Disconnect all external signals when you self-calibrate a device.

Note (NI PCle-6251/6259 Devices) Connecting or disconnecting the disk drive
power connector on M Series PCl Express devices can affect the anal og performance
of your device. To compensate for this, NI recommends that you self-calibrate after
connecting or disconnecting the disk drive power connector, as described in the
Device Self-Calibration section.

You can initiate self-calibration using Measurement & Automation Explorer (MAX), by
completing the following steps.

1. Launch MAX.

2. Select My System»Devices and Interfaces»your device.

3. Initiate self-calibration using one of the following methods:
»  Click Self-Calibrate in the upper right corner of MAX.

¢ Right-click the name of the device in the MAX configuration tree and select
Self-Calibrate from the drop-down menu.

= Note You can aso programmatically self-calibrate your device with NI-DAQmX,
as described in Device Calibration in the NI-DAQmx Help or the LabVIEW Help.
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Getting Started with M Series PCI Express
Devices and the Disk Drive Power Connector

(NI PCle-6251/6259 Devices) Thedisk drive power connector is afour-pin hard drive
connector on PCI Express devices that, when connected, increases the current the device can
supply on the +5 V terminal.

When to Use the Disk Drive Power Connector

M Series PCI Express devices without the disk drive power connector installed perform
identically to other M Series devicesfor most applications and with most accessories. For most
applications, it is not necessary to install the disk drive power connector.

However, you should install the disk drive power connector in either of the following situations:
e You need more power than listed in the device specifications
e You are using an SCC accessory without an external power supply, such as the SC-2345

Refer to the specifications document for your device for more information about PCI Express
power requirements and power limits.

Disk Drive Power Connector Installation

Before installing the disk drive power connector, you must install and set up the M Series PCI
Express device as described in the DAQ Getting Started Guide for PCI/PCI Express. Complete
the following steps to install the disk drive power connector.

1.  Power off and unplug the computer.
2. Remove the computer cover.

3. Attachthe PC disk drive power connector to the disk drive power connector on the device,
as shown in Figure 1-1.

é Note The power available on the disk drive power connectors in a computer can
vary. For example, consider using adisk drive power connector that isnot inthe same
power chain as the hard drive.

Figure 1-1. Connecting to the Disk Drive Power Connector

1 Device Disk Drive Power Connector 2 PC Disk Drive Power Connector
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4. Replace the computer cover, and plug in and power on the computer.

5. Sdf-calibrate the PCI Express DAQ devicein MAX by following the instructionsin the
Device Self-Calibration section.

@ Note Connecting or disconnecting the disk drive power connector can affect the
anal og performance of your device. To compensate for this, NI recommendsthat you
self-calibrate after connecting or disconnecting the disk drive power connector, as
described in the Device Self-Calibration section.

Getting Started with M Series USB Devices

The following sections contain information about M Series USB device features and best
practices.

Applying the Signal Label to USB Screw Terminal

Devices

(USB-622x/625x/628x Screw Terminal Devices) The supplied signal label can be adhered to
theinside cover of the USB-62xx Screw Terminal device with supplied velcro strips as shown
in Figure 1-2.

Figure 1-2. Applying the USB-62xx Screw Terminal Signal Label

USB Device Chassis Ground

(USB-622x/625x/628x Devices) For EM C compliance, the chassisof the USB M Seriesdevice
must be connected to earth ground through the chassis ground.

The wire should be AWG 16 or larger solid copper wire with amaximum length of 1.5 m (5 ft).
Attach the wire to the earth ground of the facility’s power system. For more information about
earth ground connections, refer to the KnowledgeBase document, Earth Grounding for Test and
Measurement Devices, by goingtoni . conl i nf o and entering the Info Code ear t hgr ound.
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You can attach awire to the ground lug screw of any USB-62xx device, as shown in Figure 1-3.
Figure 1-3. Grounding a USB-62xx Device through the Ground Lug Screw

NATIONAL NI USB-62xx
INSTRUMENTS

Multifunction 1/0 with
Correlated Digital I/O for USB

o[ =3 [Bles ®
o -~ A
BN BN

1
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(USB-6225/625x/628x Screw Terminal Devices) You can attach and solder awire to the
chassis ground lug of certain USB-62xx Screw Terminal devices, as shown in Figure 1-4. The
wire should be as short as possible.

Figure 1-4. Grounding a USB-62xx Screw Terminal Device through the Chassis Ground
Lug

/\

Lol ] |y

= —

(USB-62xx BNC Devices) You can attach awireto a CHS GND screw terminal of any
USB-62xx BNC device, as shown in Figure 1-5. Use as short awire as possible. In addition, the
wiresin the shielded cable that extend beyond the shield should be as short as possible.

Figure 1-5. Grounding a USB-62xx BNC Device through the CHS GND Screw Terminal

CHs GND

O

© National Instruments | 1-7

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 1 Getting Started

USB Device Panel/Wall Mounting

(USB-622x/625x/628x Devices) The Externally Powered USB M Series Panel Mounting Kit
(part number 780214-01, not included in your USB-62xx Kit) is an accessory you can use to
mount the USB-62xx family of productsto a panel or wall.

USB Device LEDs

(USB-622x/625x/628x Devices) Refer to the LED Patterns section of Chapter 3, Connector
and LED Information, for information about the M Series USB device LEDs.

USB Cable Strain Relief

(USB-622x/625X/628x Screw Terminal and USB-622x/625Xx/628x Mass Termination
Devices) Use the supplied strain relief hardware to provide strain relief for your USB cable.
Adherethe cabletiemount to therear panel of the USB-62xx Screw Terminal or USB-62xx Mass
Termination device, as shown in Figure 1-6. Thread a zip tie through the cable tie mount and
tighten around the USB cable.

Figure 1-6. USB Cable Strain Relief on USB-62xx Screw Terminal and
USB-62xx Mass Termination Devices

(USB-622x/625x BNC Devices) Thread a zip tie through two of the strain relief holes on the
end capto providestrain relief for your USB cableasshownin Figure 1-7. The strainrelief holes
can also be used as cable management for signal wires to/from the screw terminals and BNC
connectors.
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Figure 1-7. USB Cable Strain Relief on USB-62xx BNC Devices

3 Signal Wire Strain Relief

1 USB Cable Strain Relief
2 Security Cable Slot

USB Device Fuse Replacement

M Series USB devices have areplaceable T 2A 250V (5 x 20 mm) fuse that protects the device

from overcurrent through the power connector.

(USB-6281/6289 Devices) USB-628x devices also have a replaceable Littelfuse 0453002

(F 2A 250V) fuse that protects the device from overcurrent through the +5 V terminal (s).

(USB-622x/625x/628x Screw Terminal Devices) To replace a broken fuse in the USB-62xx

Screw Terminal,

1

complete the following steps.

Power down and unplug the device.

Remove the USB cable and all signal wires from the device.

2.

Loosen the four Phillips screws that attach the back lid to the enclosure and remove the lid.

Replace the broken fuse while referring to Figure 1-8 for the fuse locations.

3.

4.

1-9
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Figure 1-8. USB-62xx Screw Terminal Fuse Locations

1 T2A250V (5% 20 mm) Fuse 2 Littelfuse 0453002 Fuse on USB-628x Devices

5. Replacethelid and screws.

(USB-622x/625x BNC Devices) To replace abroken fusein the USB-62xx BNC, compl ete the
following steps.
1. Power down and unplug the device.

@ Note Take proper ESD precautions when handling the device.

2. Removethe USB cable and all BNC cables and signal wires from the device.
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Figure 1-9. USB-62xx BNC Fuse Location

1 T2A250V (5% 20 mm) Fuse

3. Remove both end pieces by unscrewing the four sockethead cap screwswith a7/64 in. hex
wrench.

Note The end pieces are attached using self-threading screws. Repeated screwing
and unscrewing of self-threading screws will produce a compromised connection.

4. With aPhillips#2 screwdriver, remove the Phillips 4-40 screw adjacent to the USB
connector.

5. Remove the nut from the power connector.

6. Removethefour Phillips4-40 screwsthat attach the top panel to the enclosure and remove
the panel and connector unit.

7. Replace the broken fuse while referring to Figure 1-9 for the fuse location.
Replace the top panel, screws, nut, and end pieces.
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(USB-622x/625x/628x Mass Termination Devices) To replaceabroken fuseinthe USB-62xx
Mass Termination, complete the following steps.

1. Power down and unplug the device.
2. Removethe USB cable and signal cable(s) from the device.
3. Loosen the four Phillips screws that attach the lid to the enclosure and remove the lid.
4. Replace the broken fuse while referring to Figure 1-10 for the fuse locations.
Figure 1-10. USB-62xx Mass Termination Fuse Locations

O o
\

i

T =

1 T2A 250V (5% 20 mm) Fuse
2 Littelfuse 0453002 Fuse on USB-628x Devices

5.  Replacethelid and screws.

USB Device Security Cable Slot

(USB-622x/625x BNC Devices) The security cable dot, shown in Figure 1-7, allows you to
attach an optional antitheft device to your USB device.

@ Note The security cableis designed to act as a deterrent, but may not prevent the
device from being mishandled or stolen. For more information, refer to the
documentation that accompanied the security cable.

@ Note Thesecurity cableslot onthe USB-62xx BNC may not be compatible with all
antitheft cables.
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Installing a Ferrite

(USB-62221/6229 BNC Devices) To ensure EMC compliance, you must install the ferrite
shipped with the USB-6221/6229 BNC.

Loop the power cabling through the ferrite at least five times. Install the ferrite as close as
possible to the end of the power cable, as shown in Figure 1-11.

Figure 1-11. Installing the Ferrite on the Power Cable

1 Power Cable 3 NI USB-6221/6229 BNC Device
2 Ferrite

Pinouts

Refer to Appendix A, Module/Device-Specific Information, for M Series device pinouts.

Specifications

Refer to the device specifications document for your device. M Series device documentation is
availableonni . coml manual s.

Accessories and Cables

NI offersavariety of accessories and cables to use with your multifunction 1/0 DAQ module
device. Refer to the Cables and Accessories section of Chapter 2, DAQ System Overview, for
more information.
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Figure 2-1 shows atypical DAQ system, which includes sensors, transducers, signal
conditioning devices, cables that connect the various devices to the accessories, the M Series
device, programming software, and PC. The following sections cover the components of a
typical DAQ system.

Figure 2-1. Components of a Typical DAQ System

\ { ‘
ii.”.i...... \ f ”/,;'/ >
\ g | / 1
.‘..4........ e & y _ |
Signal Cables and DAQ DAQ Personal Computer
s d Conditioning Accessories Hardware Software or
Tensoés an PXI/PXI Express
ransducers Chassis

DAQ Hardware

DAQ hardware digitizes signals, performs D/A conversions to generate anal og output signals,
and measures and controls digital 1/0 signals. Figure 2-2 features components common to all
M Series devices.

Figure 2-2. General M Series Block Diagram

— Analog Input
Analog Output ——
‘6 ..
.g Digital
2 . Routing Bus >
é Digital 1/0 and Clock Interface > Bus
o Generation
Counters  |—
RTSI
PFI
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DAQ-STC2 and DAQ-6202

TheDAQ-STC2 and DAQ-6202 implement ahigh-performancedigital enginefor M Seriesdata
acquisition hardware. Some key features of this engine include the following:

¢ Flexible Al and AO sample and convert timing

e Many triggering modes

. Independent Al, AO, DI, and DO FIFOs

¢ Generation and routing of RTSI signals for multi-device synchronization
e Generation and routing of internal and external timing signals

¢ Two flexible 32-bit counter/timer modules with hardware gating

« Digital waveform acquisition and generation

e Satic DIO signals

*  True5YV high current drive DO

« DI change detection

e PLL for clock synchronization

e Seamlessinterfaceto signal conditioning accessories

e PCI/PXI interface

e Independent scatter-gather DMA controllers for all acquisition and generation functions

Calibration Circuitry

The M Series analog inputs and outputs have calibration circuitry to correct gain and offset
errors. You can calibrate the device to minimize Al and AO errors caused by time and
temperature drift at run time. No external circuitry is necessary; an internal reference ensures
high accuracy and stability over time and temperature changes.

Factory-calibration constants are permanently stored in an onboard EEPROM and cannot be
modified. When you self-caibrate the device, as described in the Device Self-Calibration
section of Chapter 1, Getting Started, software stores new constantsin auser-modifiable section
of the EEPROM. To return adeviceto itsinitial factory calibration settings, software can copy
the factory-calibration constants to the user-modifiable section of the EEPROM . Refer to the
NI-DAQmx Help or the LabVIEW Help for more information about using calibration constants.

For adetailed calibration procedure for M Series devices, refer to the B/E/M/S/X Series
Calibration Procedure available a ni . coml manual s.
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Cables and Accessories

NI offersavariety of products to use with M Series PCI, PCI Express, PXI, PXI Express, USB
devices, including cables, connector blocks, and other accessories, as follows:

. Shielded cables and cable assemblies, and unshielded ribbon cables and cable assemblies

e Screw termina connector blocks, shielded and unshielded

e RTSI buscables

e SCXI modules and accessories for isolating, amplifying, exciting, and multiplexing
signals; with SCXI you can condition and acquire up to 3,072 channels

¢ Low-channel-count signal conditioning modules, devices, and accessories, including
conditioning for strain gauges and RTDs, simultaneous sample and hold circuitry, and
relays

Refer to the appropriate section for your device connector type—68-Pin M Series Cables and
Accessories or 37-Pin M Series Cables and Accessories. For more specific information about
these products, refer to ni . com

Note For compliance with Electromagnetic Compatibility (EMC) requirements,
this product must be operated with shielded cables and accessories. If unshielded
cables or accessories are used, the EMC specifications are no longer guaranteed
unless all unshielded cables and/or accessories are installed in a shielded enclosure
with properly designed and shielded input/output ports.

Refer to the 68-Pin Custom Cabling and Connectivity or 37-Pin Custom Cabling section of this
chapter and the Field Wiring Considerations section of Chapter 4, Analog Input, for information
about how to select accessories for your M Series device.

68-Pin M Series Cables and Accessories

This section describes some cable and accessory options for M Series devices with one or two
68-pin connectors. Refer to the following sections for descriptions of these cables and
accessories. Refer to ni . comfor other accessory options.
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Table 2-1. 68-Pin M Series Device/Module Cables and Accessories

PCI, PCI Express,
PXI, PXI Express
Devices and Modules USB Mass Termination Devices
622x/625x/
628x 622x/625x/
Connector 0 628x
6224/6229/ Connector 0
6254/6259/ 6229/6259/
Cables and Accessories 6284/6289 6225/6255 6289 6225/6255
Type Connector 1 Connector 1 Connector 1 Connector 1
4] Shielded SHC68-68-EPM SHC68-68 SC68-68-EPM SHC68-68
]
O Unshielded RC68-68 RC68-68 RC68-68 RC68-68
Screw SCB-68A SCB-68A SCB-68A SCB-68A
Terminal
Block SCB-68 SCB-68 SCB-68 SCB-68
TB-2706*
BNC Terminal BNC-2110 BNC-2115 BNC-2110 BNC-2115
Block
3 oc BNC-2111 BNC-2111
% BNC-2120 BNC-2120
Q 2 BNC-2090A BNC-2090A
% BNC-2090 BNC-2090
Q
£ ScC SC-2345 N/A SC-2345 N/A
SC-2350 SC-2350
SCC-68 SCC-68
3 Screw CB-68LP CB-68LP CB-68LP CB-68LP
3 Terminal
£ Block CB-68LPR CB-68LPR CB-68LPR CB-68LPR
5 TBX-68 TBX-68 TBX-68 TBX-68
Custom Connectivity CA-1000 CA-1000 CA-1000 CA-1000
* Can only be attached directly to PXI modules front connector only, and does not require a cable.
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68-Pin Cables

Cabling options differ between the 68-pin PCI/PCI Express/PX1/PX1 Express devices and
modules and USB Mass Termination devices.

PCI/PCI Express/PXI/PXI Express Device/Module 68-Pin Cables

Y ou can usethefollowing cableswith PCI, PCI Express, PX1, and PX1 ExpressM Seriesdevices
and modules:

*  SHC68-68-EPM—(Recommended) High-performance shielded cable designed for
M/X Series devices. It hasindividual bundles separating analog and digital signals. Each
differential analog input channel isrouted on an individually shielded twisted pair of wires.
Analog outputs are also individually shielded.

¢ SHC68-68—(Recommended) Lower-cost shielded cablewith 34 twisted pairs of wire. The
cable is recommended for PCI/PXI1-6225/6255 Connector 1.

@ Note You must use the SHC68-68 cable on Connector 1 of PCI/PXI1-6225/6255
devices and modules. The SHC68-68-EPM cable can be used on Connector 0 of all
M Series PCI, PCI Express, PXI, and PXI Express devices and modules, and on
Connector 1 of NI PCI/PCle/PXI/PX1-6224/6229/6254/6259/6284/6289 devicesand
modules.

¢ RC68-68—Highly-flexible unshielded ribbon cable.

USB Mass Termination Device 68-Pin Cables
Y ou can use the following cables with USB devices with mass termination connectors:

*  SH68-68-EPM2—(Recommended) High-performance cable with individual bundles
separating analog and digital signals. Each differential analog input channel isrouted onan
individually shielded twisted pair of wires. Analog outputs are also individually shielded.

¢ SH68-68-S—(Recommended) Shielded cable with 34 twisted pairs of wire. Each
differential analog input channel on Connector 1 is routed on atwisted pair on the
SH68-68-S cable. The cableis recommended for USB-6225/6255 Mass Termination
Connector 1.

= Note You must use the SH68-68-S cable on Connector 1 of USB-6225/6255
Mass Termination devices. The SH68-68-EPM cable can be used on Connector 0 of
al M Series USB Mass Termination devices, and on Connector 1 of
USB-6229/6259/6289 devices and modules.

¢ R68-68—Highly-flexible unshielded ribbon cable.

1 NI recommends that you use the SHC68-68-EPM cable; however, an SHC68-68-EP cable works with
PCI/PCI Express/PXI/PXI| Express devices and modules.

2 NI recommends that you use the SH68-68-EPM cable; however, an SH68-68-EP cable will work with
USB Mass Termination devices.
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68-Pin BNC Accessories
Y ou can use your 68-pin cable to connect your DAQ device to the following BNC accessories:

¢ BNC-2110—Provides BNC connectivity to all analog signals, some digital signals, and
spring terminals for other digital signals

*  BNC-2111—Provides BNC connectivity to 16 single-ended analog input signals,
two analog output signals, five DIO/PFI signals, and the external reference voltage for
analog output

¢ BNC-2120—Similar to the BNC-2110, and also has a built-in function generator,
quadrature encoder, temperature reference, and thermocoupl e connector

¢ BNC-2090A, BNC-2090—Desktop/rack-mountable device with 22 BNCs for connecting
analog, digital, and timing signals

*  BNC-2115—(NI 6225/6255 Devices) Provides BNC connectivity to 24 of the differential
(48 single ended) analog input signals on Connector 1 of NI 6225/6255 devices

68-Pin Screw Terminal Accessories

Y ou can use your 68-pin cable to connect your DAQ device to the following screw terminal
accessories:

¢ SCB-68A, SCB-68—Shielded connector block with temperature sensor
e TB-2706—Front panel mounted terminal block for PXI1/PXI Express M Series devices

¢ SCC-68—I/0 connector block with screw terminals, general breadboard area, bus
terminals, and four expansion slots for SCC signal conditioning modules.

¢ TBX-68—DIN rail-mountable connector block
¢  CB-68LP, CB-68LPR—Unshielded connector blocks

RTSI Cables

Use RTSI bus cables to connect timing and synchronization signals among PCI/PCl Express
devices, such as X Series, E Series, CAN, and other measurement, vision, and motion devices.
Since PXI devices use PXI backplane signals for timing and synchronization, no cables are
required.

SCC Carriers and Accessories

SCC provides portable, modular signal conditioning to your DAQ system. Useyour 68-pin cable
to connect your device/module to an SCC module carrier, such as the following:

e SCC-68—68-pin termina block with SCC expansion slots
e SC-2345—Shielded carrier for up to 20 SCC modules
e SC-2350—Shielded SCC carrier for TEDS sensors

1 TB-2706 uses Connector 0 of your PX1/PX| Express module, therefore does not require a cable. After a
TB-2706 isinstalled, Connector 1 cannot be used.
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You can use either connector on M Series devices to control an SCC module carrier.
Note (NI 6225/6255 Devices) SCC is supported only on Connector O.

Note PCI Express users should consider the power limits on certain SCC modules
without an external power supply. Refer to the device specifications, and the When to
Use the Disk Drive Power Connector section of Chapter 1, Getting Started, for
information about power limits and increasing the current the device can supply on
the +5V terminal.

SCXI

SCX | isaprogrammable signal conditioning system designed for measurement and automation
applications. To connect your M Seriesdeviceor moduleto an SCXI chassis, usethe SCX1-1349
adapter and your 68-pin cable.

Use Connector 0 of your M Seriesdeviceto control SCXI in parallel and multiplexed mode. Use
Connector 1 of your M Series device to control SCXI in parallel mode.

Note (NI 6225/6255 Devices) SCXI is supported only on Connector O.

Note When using Connector 1 in parallel mode with SCXI modules that support
track and hold, you must programmatically disable track and hold.

You aso can use an M Series PXI module to control the SCX1 section of a PXI/SCXI
combination chassis, such as the PX1-1010 or PX1-1011. The M Series device in the rightmost
PXI dlot controls the SCX| devices. No cables or adapters are necessary.

Refer to the documentation for your SCXI chassis and modules for detailed information about
using SCXI with aDAQ device.

68-Pin Custom Cabling and Connectivity

The CA-1000 is a configurable enclosure that gives user-defined connectivity and flexibility
through customized panelettes. Visit ni . comfor more information about the CA-1000.

NI offers cables and accessories for many applications. However, if you want to develop your
own cable, adhere to the following guidelines for best results:

e For Al signals, use shielded, twisted-pair wires for each Al pair of differentia inputs.
Connect the shield for each signal pair to the ground reference at the source.

¢ Routethe analog lines separately from the digital lines.

¢ When using a cable shield, use separate shields for the analog and digital sections of the
cable. To prevent noise when using a cable shield, use separate shields for the analog and
digital sections of the cable.
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For more information on the connectors used for DAQ devices, refer to the NI DAQ Device
Custom Cables, Replacement Connectors, and Screws document by goingtoni . coni i nf o
and entering the Info Coder dspnb.

USB Device Accessories, USB Cable, and Power Supply

USB Screw Terminal and USB Mass Termination devices feature connectivity directly on the
device and do not require an accessory for interfacing to signals. However, NI offers avariety
of productsto use with the USB M Series devices, as shown in Table 2-2.

Table 2-2. USB Device Cabling, Accessories, and Power Supply

Description Part Number
NI USB DAQ Power Supply 780046-01
Externally Powered USB M Series Panel 780214-01
Mounting Kit"
USB cable with locking screw, 2 m 780534-01
BNC Male (Plug) to BNC Male (Plug) Cable 779697-02
* Not for use with NI USB BNC devices.

37-Pin M Series Cables and Accessories

This section describes some cable and accessory optionsfor the PCI-6221 (37-pin) device. Refer
to the following sections for descriptions of these cables and accessories. Refer to ni . comfor
other accessory options.

Table 2-3. PCI-6221 (37-Pin) Cables and Accessories

Supported Models for
Cables and Accessories Type PCI-6221 (37-Pin) Device
Cables Shielded SH37F-37M
SH37F-P-4
Unshielded R37F-37TM
Accessories Unshielded Screw Terminal Block CB-37F-HVD
CB-37FV
CB-37FH
CB-37F-LP
Custom Connectivity TB-37F-37SC
TB-37F-37CP
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37-Pin Cables

In most applications, you can use the following cables:

¢ SH37F-37M—(Recommended) 37-pin female-to-male shielded /O cable,
(1 mand 2 m lengths)

e SH37F-P-4—37-pin female-to-pigtails shielded I/O cable
¢ R37F-37M—37-pin female-to-male ribbon /O cable

37-Pin Screw Terminal Accessories

National Instruments offers several styles of screw terminal connector blocks. Use your 37-pin
cable to connect a PCI-6221 (37-pin) device to one of the following connector blocks:

e CB-37F-HVD—37-pin DIN rail screw terminal block

e CB-37FV—Vertical DIN rail-mountable terminal block with 37 screw terminals

e CB-37FH—Horizontal DIN rail-mountable connector block with 37 screw terminals
¢ CB-37F-LP—Low profile connector block with 37 screw terminals

RTSI Cables

Use RTSI bus cables to connect timing and synchronization signals among PCI/PCl Express
devices, such as X Series, E Series, CAN, and other measurement, vision, and motion devices.
Since PXI devices use PXI backplane signals for timing and synchronization, no cables are
required.

37-Pin Custom Cabling

NI offers cables and accessories for many applications. However, if you want to develop your
own cable, the following kits can assist you:

e TB-37F-37SC—37-pin solder cup terminals, shell with strain relief
e TB-37F-37CP—37-pin crimp & poke terminals, shell with strain relief

Adhere to the following guidelines for best results:

e For Al signals, use shielded, twisted-pair wires for each Al pair of differentia inputs.
Connect the shield for each signal pair to the ground reference at the source.

¢ Routethe anaog lines separately from the digital lines.

¢ When using a cable shield, use separate shields for the analog and digital sections of the
cable. Failureto do so resultsin noise coupling into the anal og signalsfrom transient digital
signals.

For more information on the connectors used for DAQ devices, refer to the NI DAQ Device
Custom Cables, Replacement Connectors, and Screws document by going toni . cont i nf o
and entering the Info Coder dspnb.
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Signal Conditioning

Many sensors and transducers require signal conditioning before a measurement system can
effectively and accurately acquire the signal. The front-end signal conditioning system can
include functions such as signal amplification, attenuation, filtering, electrical isolation,
simultaneous sampling, and multiplexing. In addition, many transducers require excitation
currents or voltages, bridge completion, linearization, or high amplification for proper and
accurate operation. Therefore, most computer-based measurement systems include some form
of signal conditioning in addition to plug-in data acquisition DAQ devices.

Sensors and Transducers

Sensors can generate electrical signalsto measure physical phenomena, such as temperature,
force, sound, or light. Some commonly used sensors are strain gauges, thermocoupl es,
thermistors, angular encoders, linear encoders, and resistance temperature detectors (RTDs).

To measure signals from these various transducers, you must convert them into aform that a
DAQ device can accept. For example, the output voltage of most thermocouplesis very small
and susceptible to noise. Therefore, you may need to amplify or filter the thermocouple output
before digitizing it. The manipulation of signalsto prepare them for digitizing is called signal
conditioning.

For more information about sensors, refer to the following documents:

e For general information about sensors, visit ni . con’ sensor s.

e If youareusing LabVIEW, refer to the LabVIEW Help by selecting Help»Search the
LabVIEW Help in LabVIEW and then navigate to the Taking Measurements book on
the Contents tab.

e |If you are using other application software, refer to Common Sensors in the NI-DAQmx
Help or the LabVIEW Help.

Signal Conditioning Options

For more information about SCX| and SCC products, refer to ni . con!
si gnal condi ti oni ng.

SCXI

SCXI isafront-end signal conditioning and switching system for various measurement devices,
including M Series devices. An SCXI system consists of arugged chassis that houses shielded
signal conditioning modules that amplify, filter, isolate, and multiplex analog signals from
thermocouplesor other transducers. SCX | isdesigned for large measurement systemsor systems
requiring high-speed acquisition.

System features include the following:

*  Modular architecture—Choose your measurement technology

»  Expandability—Expand your system to 3,072 channels
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« Integration—Combine analog input, analog output, digital 1/0, and switching into a
single, unified platform

e High bandwidth—Acquire signals at high rates

e Connectivity—Select from SCXI| modules with thermocouple connectors or terminal
blocks

Note SCXI isnot supported on the PCI-6221 (37-pin), USB-622x/625x/628x
Screw Terminal, or USB-622x/625x BNC devices.

SCC

SCCisafront-end signal conditioning systemfor M Series plug-in dataacquisition devices. An
SCC system consists of a shielded carrier that holds up to 20 single- or dual-channel SCC
modules for conditioning thermocouples and other transducers. SCC is designed for small
measurement systems where you need only afew channels of each signal type, or for portable
applications. SCC systems also offer the most comprehensive and flexible signal connectivity
options.

System features include the following:
¢ Modular architecture—Select your measurement technology on a per-channel basis
¢ Small-channel systems—Condition up to 16 analog input and eight digital 1/O lines

¢ Low-profile/portable—Integrates well with other laptop computer measurement
technologies

e High bandwidth—Acquire signals at rates up to 1.25 MHz

¢ Connectivity—Incorporates panel ette technology to offer custom connectivity to
thermocouple, BNC, LEMO™ (B Series), and MIL-Spec connectors

Note PCI Express users should consider the power limits on certain SCC modules
without an external power supply. Refer to the device specifications, and the When to
Use the Disk Drive Power Connector section of Chapter 1, Getting Started, for
information about power limits and increasing the current the device can supply on
the +5V terminal.

Note SCCisnot supported onthe PCI-6221 (37-pin), USB-622x/625x/628x Screw
Terminal, or USB-622x/625x BNC devices.

Programming Devices in Software

National |nstruments measurement devices are packaged with NI-DAQmx driver software, an
extensive library of functions and VIsyou can call from your application software, such as
LabVIEW or LabWindows™/CVI™, to program all the features of your NI measurement
devices. Driver software has an application programming interface (API), which isalibrary of
Vs, functions, classes, attributes, and properties for creating applications for your device.
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M Series devices use the NI-DAQmx driver. NI-DAQmx includes a collection of programming
examples to help you get started developing an application. You can modify example code and
saveit in an application. You can use examples to develop anew application or add example
code to an existing application.

To locate LabVIEW, LabWindows/CV1, Measurement Studio, Visua Basic, and ANSI C
examples, refer to the KnowledgeBase document, Where Can I Find NI-DAQmx Examples?, by
goingtoni . cont i nf o and entering the Info Code dagnmxexp.

For additional examples, refer to ni . com! exanpl es.
Table 2-4 lists the earliest NI-DAQmx support version for each M Series device.

Table 2-4. M Series NI-DAQmx Software Support

NI-DAQmx Earliest

Device Version Support
NI PCI/PX1-6220/6221/6224/6229 NI-DAQmXx 7.4
NI PCI-6221 (37-pin) NI-DAQmx 7.5
NI USB-6221/6229 Screw Terminal NI-DAQmMx 8.3
NI USB-6221/6229 BNC NI-DAQmx 8.6.1
NI PCI/PX1-6225 NI-DAQmXx 7.4
NI USB-6225 Screw Terminal/Mass Termination NI-DAQmMx 8.6.1
NI PCI/PX1-6250/6251/6254/6259 NI-DAQmXx 7.4
NI PCle-6251/6259 NI-DAQmx 8.0.1
NI PXle-6251/6259 NI-DAQmx 8.3

NI USB-6251/6259 Screw Terminal/Mass Termination NI-DAQmMx 8.1

NI USB-6251/6259 BNC NI-DAQmx 8.6.1
NI PCI/PX1-6255 NI-DAQmMx 8.1
NI USB-6255 Screw Terminal/Mass Termination NI-DAQmMx 8.6.1
NI PCI/PX1-6280/6281/6284/6289 NI-DAQmXx 7.4

NI USB-6281/6289 Screw Terminal/Mass Termination NI-DAQmMx 8.7.1

Note NI recommends using the latest version of NI-DAQmx supported for your
OS. Refer to the NI-DAQmx download page by goingtoni . cont i nf o and
entering the Info Code ni dagmxdownl oads.
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Connector and LED
Information

The 1/0 Connector Signal Descriptions, +5 V Power Source, and USER 1 and USER 2 sections
contain information about M Series connector signals, power, and user-defined terminals. The
LED Patterns section contains information about M Series USB device LEDs.

@ Note Refer to Appendix A, Module/Device-Specific Information, for device 1/0
connector pinouts.

I/O Connector Signal Descriptions

Table 3-1 describes the signals found on the 1/0 connectors. Not all signals are available on all
devices.
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Table 3-1. 1/0O Connector Signals

Signal Name Reference Direction Description

Al GND — — Analog Input Ground—These terminals are the
reference point for single-ended Al measurements
in RSE mode and the bias current return point for
DIFF measurements. All three ground
references—Al GND, AO GND, and

D GND—are connected on the device. Refer to
the Connecting Analog Input Signals section of
Chapter 4, Analog Input.

Al <0..79> Varies Input Analog Input Channels—For single-ended
measurements, each signal is an analog input
voltage channel. In RSE mode, Al GND isthe
reference for these signals. In NRSE mode, the
reference for each Al <0..15> signal is

Al SENSE; the reference for each Al <16..63>
and Al <64..79> signal is Al SENSE 2".

For differential measurements, Al 0 and Al 8 are
the positive and negative inputs of differential
analog input channel 0. Similarly, the following
signal pairs aso form differential input channels:
<Al 1, Al 9>, <Al 2, Al 10>, <Al 3, Al 11>, and
S0 on.

Refer to the Connecting Analog Input Signals
section of Chapter 4, Analog Input.

Al SENSE, — Input Analog Input Sense—In NRSE mode, the

Al SENSE 2 reference for each Al <0..15> signal is

Al SENSE; the reference for each Al <16..63>
and Al <64..79> signal isAl SENSE 2". Refer to
the Connecting Analog Input Signals section of
Chapter 4, Analog Input.

AO<0..3> AOGND Output Analog Output Channels—These terminas
supply thevoltage output. Refer to the Connecting
Analog Output Signals section of Chapter 5,
Analog Output.

AO GND — — Analog Output Ground—AO GND isthe
reference for AO <0..3>. All three ground
references—Al GND, AO GND, and

D GND—are connected on the device. Refer to
the Connecting Analog Output Signals section of
Chapter 5, Analog Output.

3-2 | ni.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



M Series User Manual

Table 3-1. 1/0O Connector Signals (Continued)

Signal Name Reference Direction Description

D GND — — Digital Ground—D GND supplies the reference
for P0.<0..31>, PFl <0..15>/PU/P2, and +5 V. All
three ground references—Al GND, AO GND,
and D GND—are connected on the device. Refer
to the Connecting Digital 1/O Signals section of
Chapter 6, Digital 1/0.

P0.<0..31> D GND Input or Port 0 Digital I/O Channels—You can

Output individually configure each signal as an input or
output. Refer to the Connecting Digital I/0
Signals section of Chapter 6, Digital 1/0.

APFI <0,1> AO GND Input Analog Programmable Function Interface

or Al GND Channels—Each APFI signal can be used as
AO external referenceinputsfor AO <0..3>,

AO external offset input, or as an analog trigger
input. APFI <0,1> are referenced to Al GND
when they are used as analog trigger inputs.
APFI <0,1> arereferencedto AO GND whenthey
areused as AO external offset or reference inputs.
These functions are not available on all devices,
refer to the specificationsfor your device. Refer to
the APFI <0,1> Terminals section of Chapter 11,
Triggering.

+5V D GND Output +5 V Power Source—These terminals provide a
fused +5 V power source. Refer tothe +5 ¥V Power
Source section for more information.

PFl <0..7>/ D GND Input or Programmable Function Interface or Port 1
P1.<0..7> Output Digital I/O Channels—Each of these terminals
can beindividually configured asaPFI terminal or
adigital 1/0O terminal.

Asan input, each PFI terminal can be used to
supply an external source for Al, AO, DI, and
DO timing signals or counter/timer inputs.

AsaPFl output, you can route many different
internal Al, AO, DI, or DO timing signalsto each
PFI terminal. You also can route the counter/timer
outputs to each PFI terminal.

AsaPort 1digital I/0 signal, you canindividually
configure each signal as an input or output.

Refer to the Connecting Digital 1/0 Signals
section of Chapter 6, Digital 1/0, or to Chapter 8,
PFI.
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Table 3-1. 1/0O Connector Signals (Continued)

Signal Name Reference Direction Description
PFI <8..15>/ D GND Input or Programmable Function Interface or Port 2
P2.<0..7> Output Digital I/0O Channels—Each of these terminals

can beindividually configured asaPFI terminal or
adigital 1/0 terminal.

Asan input, each PFI terminal can be used to
supply an external source for Al, AO, DI, and
DO timing signals or counter/timer inputs.

AsaPFl output, you can route many different
internal Al, AO, DI, or DO timing signalsto each
PFI terminal. You also can route the counter/timer
outputs to each PFI terminal.

AsaPort 2digital /O signal, you canindividually
configure each signal as an input or output.

Refer to the Connecting Digital I/O Signals
section of Chapter 6, Digital 1/0, or to Chapter 8,
PFI. Refer to Table 7-6, 68-Pin Device Default
NI-DAQmx Counter/Timer Pins, to find the
default NI-DAQmx counter/timer pins for most
M Series devices.

USER <1,2> — — User-Defined Channels—On USB-62xx BNC
devices, the USER <1,2> BNC connectors allow
you to useaBNC connector for adigital or timing
1/0 signal of your choice. The USER <1,2> BNC
connectors are internally routed to the USER
<1,2> screw terminals. Refer to the USER 1 and
USER 2 section for more information.

CHSGND — — Chassis Ground™—Thisterminal connectsto the
USB-62xx BNC device metal enclosure. You can
connect your cable's shield wireto CHS GND for
aground connection. Refer to the USB Device
Chassis Ground section of Chapter 1, Getting
Started.

NC — — No connect—Do not connect signals to these
terminals.

*On NI 6225 devices, the reference for each Al <16..63> signal is Al SENSE 2, and each Al <64..79>
signal is Al SENSE in NRSE mode.

T USB-62xx Screw Terminal users can connect the shield of a shielded cable to the chassis ground lug
for aground connection. The chassis ground lug is not available on all device versions.
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+5 V Power Source

The+5V terminals on the /O connector supply +5 V referenced to D GND. Usetheseterminals
to power external circuitry.

Newer revision M Series devices have atraditional fuse to protect the supply from overcurrent
conditions. Thisfuse is not customer-replaceable; if the fuse permanently opens, return the
deviceto NI for repair.

Older revision M Series devices have a self-resetting fuse to protect the supply from overcurrent
conditions. This fuse resets automatically within afew seconds after the overcurrent condition
isremoved. For more information about the self-resetting fuse and precautions to take to avoid
improper connection of +5V and ground terminals, refer to the KnowledgeBase document,
Self-Resetting Fuse Additional Information, by goingto ni . coni i nf o and entering the Info
Codepptc.

(USB-6281/6289 Devices) All USB-628x devices have a user-replaceabl e socketed fuse to
protect the supply from overcurrent conditions. When an overcurrent condition occurs, check
your cabling to the +5 V terminals and replace the fuse as described in the USB Device Fuse
Replacement section of Chapter 1, Getting Started.

A Caution Never connect the +5 V power terminals to analog or digital ground or to
any other voltage source on the M Series device or any other device. Doing so can
damage the device and the computer. NI isnot liable for damage resulting from such
a connection.

The power rating on most devicesis+4.75t0 +5.25 VDC at 1 A.

Refer to the specifications document for your device to obtain the device power rating.

@ Note (NI PCle-6251/6259 Devices) M Series PCl Express devices supply less
than 1 A of +5V power unless you use the disk drive power connector. Refer to the
Getting Started with M Series PCI Express Devices and the Disk Drive Power
Connector section of Chapter 1, Getting Started, for more information.

@ Note The NI 6221 (37-pin) device does not havea+5V terminal.

USER 1 and USER 2

(NI USB-622x/625x BNC Devices) The USER connectors allow you to use aBNC connector
for adigital or timing I/0 signal of your choice. The USER 1 and USER 2 BNC connectors are
routed (internal to the USB BNC device) to the USER 1 and USER 2 screw terminals, as shown
in Figure 3-1.
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Figure 3-1. USER 1 and USER 2 BNC Connections

USER 1BNC USER 2BNC

D GND . D GND

USER 1 o -f----- .
USER 2 [e -} - Internal Connection _
D GND
+5V

D GND
P0.0
PO.1
P0.2
P0.3

D GND
P0.4
P0.5
P0.6
PO0.7

D GND
PFI 8/P2.0

Screw
Terminal
Block

Figure 3-2 shows an example of how to usethe USER 1 and USER 2 BNCs. To accessthe PFl 8
signal from aBNC, connect USER 1 on the screw terminal block to PFl 8 with awire.

Figure 3-2. Connecting PFI 8 to USER 1 BNC

USER 1 BNC

! Internal
DGND ' Connection

PFI 8 PO.3 Wire
Signal D GND
P0.4
P0.5
P0.6
P0.7 Screw
D GND Terminal
PFI 8/P2.0 Block

e WL E

The designated space below each USER BNC is for marking or labeling signal names.
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RTSI Connector Pinout

(PCI/PCle-622x/625x/628x Devices) Refer to the RTSI Connector Pinout section of
Chapter 9, Digital Routing and Clock Generation, for information about the RTSI connector.

LED Patterns

(USB-622x/625x/628x Devices) All variants of M Series USB devices have LEDs labeled
ACTIVE and READY. The ACTIVE LED indicates activity over the bus. The READY LED
indicates whether or not the device is configured. Table 3-2 shows the behavior of the LEDs.

Note USB-62xx BNC devices also have a POWER (+5 V) LED on the top panel.
The POWER (+5 V) LED indicates device power.

Table 3-2. LED Patterns

POWER ACTIVE READY
(+5V) LED" LED LED USB Device State
Off Off Off The deviceis not powered.
On Off Off (USB-62xx Screw Terminal/Mass Termination
Devices) The deviceis not powered.
(USB-62xx BNC Devices) The deviceis powered
but not connected to the host computer.
On Off On The deviceis configured, but thereis no activity over
the bus.
On On On The deviceis configured and there is activity over the
bus.
On Blinking On
* USB-625x/628x BNC devices only.
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Figure 4-1 shows the analog input circuitry of M Series devices.
Figure 4-1. M Series Analog Input Circuitry

Al <0..207>
S
o DIFF, RSE
o ’ ’ — —
s or NRSE ADC Al FIFO Al Data
o
o) Al SENSE
Input Range
Al GND | Selection
Al Terminal
Configuration
Selection

The main blocks featured in the M Series analog input circuitry are asfollows:

*  1/0 Connector—You can connect analog input signalsto the M Series device through the
1/0 connector. The proper way to connect anal og input signals depends on the anal og input
ground-reference settings, described in the Analog Input Ground-Reference Settings
section. Also refer to Appendix A, Module/Device-Specific Information, for device 1/O
connector pinouts.

¢ Mux—Each M Seriesdevice has one anal og-to-digital converter (ADC). The multiplexers
(mux) route one Al channel at atime to the ADC through the NI-PGIA.

¢ Ground-Reference Settings—The anal og input ground-reference settings circuitry selects
between differential, referenced single-ended, and non-referenced single-ended input
modes. Each Al channel can use a different mode.

e Instrumentation Amplifier (NI-PGIA)—The NI programmable gain instrumentation
amplifier (NI-PGIA) is a measurement and instrument class amplifier that minimizes
settling times for al input ranges. The NI-PGIA can amplify or attenuate an Al signal to
ensure that you use the maximum resolution of the ADC.

M Series devices use the NI-PGIA to deliver high accuracy even when sampling multiple
channelswith small input ranges at fast rates. M Series devices can sample channelsin any
order at the maximum conversion rate, and you can individually program each channel in
a sample with a different input range.
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e A/D Converter—The analog-to-digital converter (ADC) digitizesthe Al signal by
converting the analog voltage into adigital number.

AL FIFO—M Series devices can perform both single and multiple A/D conversions of a
fixed or infinite number of samples. A large first-in-first-out (FIFO) buffer holds data
during Al acquisitions to ensure that no dataislost. M Series devices can handle multiple
A/D conversion operations with DMA, interrupts, or programmed 1/0.

Analog Input Range

Input range refers to the set of input voltages that an analog input channel can digitize with the
specified accuracy. The NI-PGIA amplifies or attenuates the Al signal depending on the input
range. You can individually program the input range of each Al channel on your M Series
device.

Theinput range affectsthe resolution of theM Seriesdevicefor an Al channel. Resolution refers
to the voltage of one ADC code. For example, a 16-bit ADC converts analog inputs into one of
65,536 (= 216) codes—that is, one of 65,536 possible digital values. These values are spread
fairly evenly across theinput range. So, for an input range of -10 V to 10 V, the voltage of each
code of a16-bit ADC is:

10V - (=10V) _ 3050V
16

2
M Series devices use a calibration method that requires some codes (typically about 5% of the
codes) to lie outside of the specified range. This calibration method improves absol ute accuracy,
but it increases the nominal resolution of input ranges by about 5% over what the formulashown
above would indicate.

Choose an input range that matches the expected input range of your signal. A largeinput range
can accommodate alarge signal variation, but reducesthe voltage resolution. Choosing asmaller
input range improvesthe voltage resolution, but may result in theinput signal going out of range.

For more information about setting ranges, refer to the NI-DAQmx Help or the LabVIEW Help.
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Table 4-1 shows the input ranges and resolutions supported by each M Series device family.

Table 4-1. M Series Input Range and Nominal Resolution

Nominal Resolution Assuming
M Series Devices Input Range 5% Over Range

NI 622x -10Vto10V 320 pv
-5Vto5V 160 pv

-1VtolV 32uv

-200 mV to 200 mV 6.4 pv

NI 625x -10Vto10V 320 pv
-5Vto5V 160 pv

-2Vto2Vv 64 pv

-1VtolVv 32w

-500 mV to 500 mV 16 pv

-200 mV to 200 mV 6.4 pv

-100 mV to 100 mV 32w
NI 628x -10Vto10V 80.1 pv
-5Vto5V 40.1 pv
-2Vto2V 16.0 wv
-1VtolVv 8.01 uv
-500 mV to 500 mV 4.01 pv
-200 mV to 200 mV 1.60 pv
-100 mV to 100 mV 0.80 pv

Analog Input Lowpass Filter

A lowpass filter attenuates signals with frequencies above the cutoff frequency while passing,
with minimal attenuation, signals bel ow the cutoff frequency. The cutoff frequency isdefined as
the frequency at which the output amplitude has decreased by 3 dB. Lowpass filters attenuate
noise and reduce aliasing of signals beyond the Nyquist frequency. For example, if the signal of
interest does not have frequency components beyond 40 kHz, then using afilter with a cutoff
frequency at 40 kHz attenuates noise beyond the cutoff that is not of interest. The cutoff
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frequency of the lowpass filter is also called the small signal bandwidth. The specifications
document for your DAQ device lists the small signal bandwidth.

On some devices, the filter cutoff isfixed. On other devices, thisfilter is programmable and can
be enabled for alower frequency. For example, the NI 628x devices have a programmabl e filter
with a cutoff frequency of 40 kHz that can be enabled. If the programmable filter is not enabled,
the cutoff frequency isfixed at 750 kHz. If the cutoff is programmable, choose the lower cutoff
to reduce measurement noise. However, afilter with alower cutoff frequency increases the
settling time of your device, as shown in the specifications, which reduces its maximum
conversion rate. Therefore, you may have to reduce the rate of your Al Convert and Al Sample
Clocks. If that reduced sample rate istoo slow for your application, select the higher cutoff

frequency.

Add additional filtersto Al signals using external accessories, as described in the Programming
Devices in Software section of Chapter 2, DAQ System Overview.

Analog Input Ground-Reference Settings

M Series devices support the analog input ground-reference settings:

«  Differential mode—In DIFF mode, theM Seriesdevice measuresthe differencein voltage
between two Al signals.

¢ Referenced single-ended mode—In RSE mode, the M Series device measuresthevoltage
of an Al signal relativeto Al GND.

¢ Non-referenced single-ended mode—In NRSE mode, the M Series device measuresthe
voltage of an Al signal relative to one of the Al SENSE or Al SENSE 2 inputs.

The Al ground-reference setting determines how you should connect your Al signalsto the
M Series device. Refer to the Connecting Analog Input Signals section for more information.

Ground-reference settings are programmed on a per-channel basis. For example, you might
configure the device to scan 12 channels—four differentially-configured channels and
eight single-ended channels.

M Series devices implement the different analog input ground-reference settings by routing
different signalsto the NI-PGIA. The NI-PGIA isadifferential amplifier. That is, the NI-PGIA
amplifies (or attenuates) the difference in voltage between its two inputs. The NI-PGIA drives
the ADC with this amplified voltage. The amount of amplification (the gain), is determined by
the analog input range, as shown in Figure 4-2.
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Figure 4-2. NI-PGIA
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Table 4-2 shows how signals are routed to the NI-PGIA.

Table 4-2. Signals Routed to the NI-PGIA

Al Signals Routed to the Signals Routed to the
Ground-Reference Positive Input of the Negative Input of the
Settings NI-PGIA (Vin,) NI-PGIA (Vin.)
RSE Al <0..79> Al GND
NRSE Al <0..15> Al SENSE
Al <16..79> Al SENSE 2
DIFF Al <0..7> Al <8..15>
Al <16..23> Al <24..31>
Al <32..39> Al <40..47>
Al <48..55> Al <56..63>
Al <64..71> Al <72..79>
* On NI 6225 devices, the reference for each Al <16..63> signal is Al SENSE 2, and each Al <64..79>
signal is Al SENSE in NRSE mode.

For differential measurements, Al 0 and Al 8 are the positive and negative inputs of differential
analog input channel 0. For acomplete list of signal pairs that form differential input channels,
refer to the pinout diagram for your devicein Appendix A, Module/Device-Specific Information.

& Caution The maximum input voltages rating of Al signalswith respect to ground
(and for signal pairsin differential mode with respect to each other) arelisted in the
specifications document for your device. Exceeding the maximum input voltage of
Al signals distorts the measurement results. Exceeding the maximum input voltage
rating also can damage the device and the computer. NI isnot liable for any damage
resulting from such signal connections.
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Al ground-reference setting is sometimes referred to as Al terminal configuration.

Configuring Al Ground-Reference Settings in Software
Y ou can program channels on an M Series device to acquire with different ground references.
To enable multimode scanning in LabVIEW, use the NI-DAQmXx Create Virtual Channel V1 of
the NI-DAQmx API. You must use anew VI for each channel or group of channels configured

in adifferent input mode. In Figure 4-3, channel 0 is configured in differential mode, and
channel 1 is configured in referenced single-ended mode.

Figure 4-3. Enabling Multimode Scanning in LabVIEW

DA rhx
ue

i Devail [~} i Devifait [+ %
Jinn

Al Vaolkage Al volkage ™

To configure the input mode of your voltage measurement using the DAQ Assistant, use the
Terminal Configuration drop-down list. Refer to the DAQ Assistant Help for moreinformation
about the DAQ Assistant.

To configure the input mode of your voltage measurement using the NI-DAQmx C AP, set the
terminalConfig property. Refer to the NI-DAQmx C Reference Help for more information.

Multichannel Scanning Considerations

M Series devices can scan multiple channels at high rates and digitize the signals accurately.
However, you should consider several issues when designing your measurement system to
ensure the high accuracy of your measurements.

In multichannel scanning applications, accuracy is affected by settling time. When your

M Series device switches from one Al channel to another Al channel, the device configuresthe
NI-PGIA with the input range of the new channel. The NI-PGIA then amplifiesthe input signal
with the gain for the new input range. Settling time refers to the time it takes the NI-PGIA to
amplify the input signal to the desired accuracy beforeit is sampled by the ADC. The
specifications document for your DAQ device listsiits settling time.

M Series devices are designed to have fast settling times. However, several factors can increase
the settling time which decreases the accuracy of your measurements. To ensure fast settling
times, you should do the following (in order of importance):

1. Use Low Impedance Sources—To ensure fast settling times, your signal sources should
have an impedance of <1 kQ. Large source impedances increase the settling time of the
NI-PGIA, and so decrease the accuracy at fast scanning rates.
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Settling timesincrease when scanning high-impedance signal sdue to aphenomenon called
charge injection. Multiplexers contain switches, usually made of switched capacitors.
When one of the channels, for example channel 0, is selected in a multiplexer, those
capacitors accumulate charge. When the next channel, for example channel 1, is selected,
the accumul ated charge leaks backward through channel 1. If the output impedance of the
source connected to channel 1 is high enough, the resulting reading of channel 1 can be
partially affected by the voltage on channel 0. This effect is referred to as ghosting.

If your sourceimpedanceishigh, you can decrease the scan rate to allow the NI-PGIA more
time to settle. Another option is to use a voltage follower circuit external to your DAQ
device to decrease the impedance seen by the DAQ device. Refer to the KnowledgeBase
document, Decreasing the Source Impedance of an Analog Input Signal, by going to

ni . cont i nf o and entering the Info Coder dbbi s.

2. Use Short High-Quality Cabling—Using short high-quality cables can minimize severa
effects that degrade accuracy including crosstalk, transmission line effects, and noise. The
capacitance of the cable also can increase the settling time.

National Instruments recommends using individually shielded, twisted-pair wires that are
2mor lessto connect Al signals to the device. Refer to the Connecting Analog Input
Signals section for more information.

3. Carefully Choose the Channel Scanning Order

— Avoid Switching from a Large to a Small Input Range—Switching from a channel
with alarge input range to a channel with asmall input range can greatly increase the
settling time.

Suppose a4V signal is connected to channel 0 and a1 mV signa is connected to

channel 1. Theinput range for channel 0is-10V to 10 V and the input range of
channel 1is-200 mV to 200 mV.

When the multiplexer switchesfrom channel 0to channel 1, theinput to the NI-PGIA
switchesfrom 4V to 1 mV. The approximately 4 V stepfrom 4V to 1 mV is1,000%
of the new full-scale range. For a 16-bit device to settle within 0.0015% (15 ppm or
1 LSB) of the +200 mV full-scale range on channel 1, the input circuitry must settle
to within 0.000031% (0.31 ppm or 1/50 LSB) of the £10 V range. Some devices can
take many microseconds for the circuitry to settle this much.

To avoid thiseffect, you should arrange your channel scanning order so that transitions
from large to small input ranges are infrequent.

In general, you do not need this extra settling time when the NI-PGIA is switching
from asmall input range to alarger input range.

— Insert Grounded Channel between Signal Channels—Another technique to improve
settling time is to connect an input channel to ground. Then insert this channel in the
scan list between two of your signal channels. Theinput range of the grounded channel
should match the input range of the signal after the grounded channel in the scan list.
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Consider again the example above wherea4 V signal is connected to channel 0 and a
1 mV signal isconnected to channel 1. Suppose theinput range for channel 0is-10 V
to 10 V and the input range of channel 1is-200 mV to 200 mV.

You can connect channel 2 to Al GND (or you can use the internal ground; refer to
Internal Channels in the NI-DAQmx Help). Set the input range of channel 2 to
-200 mV to 200 mV to match channel 1. Then scan channelsin the order: 0, 2, 1.

Inserting agrounded channel between signal channelsimproves settling time because
the NI-PGIA adjusts to the new input range setting faster when the input is grounded.

—  Minimize Voltage Step between Adjacent Channels—When scanning between
channels that have the same input range, the settling time increases with the voltage
step between the channels. If you know the expected input range of your signals, you
can group signals with similar expected ranges together in your scan list.

For example, suppose all channelsinasystemusea-5to 5V input range. The signals
on channels0, 2, and 4 vary between 4.3V and 5 V. The signalson channels 1, 3, and
5 vary between -4 V and 0 V. Scanning channelsin the order 0, 2, 4, 1, 3, 5 produces
more accurate results than scanning channelsin the order 0, 1, 2, 3, 4, 5.

4. Avoid Scanning Faster Than Necessary—Designing your system to scan at slower
speeds gives the NI-PGIA more time to settle to a more accurate level. Here are two
examples to consider:

—  Example 1—Averaging many Al samples can increase the accuracy of the reading by
decreasing noise effects. In general, the more points you average, the more accurate
the final result. However, you may choose to decrease the number of points you
average and slow down the scanning rate.

Suppose you want to sample 10 channels over aperiod of 20 ms and average the
results. You could acquire 500 points from each channel at a scan rate of 250 kS/s.
Another method would be to acquire 1,000 points from each channel at a scan rate of
500 kS/s. Both methods take the same amount of time. Doubling the number of
samples averaged (from 500 to 1,000) decreases the effect of noise by afactor of
1.4 (the square root of 2). However, doubling the number of samples (in this example)
decreases the time the NI-PGIA has to settle from 4 usto 2 ps. In some cases, the
slower scan rate system returns more accurate results.

—  Example 2—If the time relationship between channelsis not critical, you can sample
from the same channel multiple times and scan less frequently. For example, suppose
an application requires averaging 100 pointsfrom channel 0 and averaging 100 points
from channel 1. You could alternate reading between channels—that is, read one point
from channel O, then one point from channel 1, and so on. You also could read all
100 points from channel 0 then read 100 points from channel 1. The second method
switches between channels much less often and is affected much less by settling time.
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Analog Input Data Acquisition Methods

When performing analog input measurements, you either can perform software-timed or
hardware-timed acquisitions.

Software-Timed Acquisitions

With a software-timed acquisition, software controls the rate of the acquisition. Software sends
a separate command to the hardware to initiate each ADC conversion. In NI-DAQmMmX,
software-timed acquisitions are referred to as having on-demand timing. Software-timed
acquisitions are also referred to as immediate or static acquisitions and are typically used for
reading a single sample of data.

Hardware-Timed Acquisitions

With hardware-timed acquisitions, adigital hardware signal (Al Sample Clock) controlstherate
of the acquisition. Thissignal can be generated internally on your device or provided externally.

Hardware-timed acquisitions have severa advantages over software-timed acquisitions:
¢ Thetime between samples can be much shorter.

e Thetiming between samplesis deterministic.

¢ Hardware-timed acquisitions can use hardware triggering.

Hardware-timed operations can be buffered or non-buffered. A buffer is atemporary storagein
computer memory for to-be-generated samples.

*  Buffered—In abuffered acquisition, datais moved from the DAQ device's onboard FIFO
memory to a PC buffer using DMA or interrupts before it is transferred to application
memory. Buffered acquisitions typically alow for much faster transfer rates than
non-buffered acquisitions because datais moved in large blocks, rather than one point at a
time.

Oneproperty of buffered 1/0 operationsisthe sample mode. The sample mode can be either

finite or continuous.

—  Finite sample mode acquisition refers to the acquisition of a specific, predetermined
number of data samples. Once the specified number of samples has been read in, the
acquisition stops. If you use areference trigger, you must use finite sample mode.

—  Continuous acquisition refers to the acquisition of an unspecified number of samples.
Instead of acquiring a set number of data samples and stopping, a continuous
acquisition continues until you stop the operation. Continuous acquisition is also
referred to as double-buffered or circular-buffered acquisition.
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If data cannot be transferred across the bus fast enough, the FIFO becomes full. New
acquisitions overwrite datain the FIFO before it can be transferred to host memory.
The device generates an error in this case. With continuous operations, if the user
program does not read data out of the PC buffer fast enough to keep up with the data
transfer, the buffer could reach an overflow condition, causing an error to be
generated.

¢ Non-buffered—In non-buffered acquisitions, datais read directly from the FIFO on the
device. Typically, hardware-timed, non-buffered operations are used to read single samples
with known time increments between them.

Note (NI USB-62xxDevices) USB M Seriesdevicesdo not support non-buffered
hardware-timed operations.

Analog Input Triggering

Analog input supports three different triggering actions:
e Start trigger

¢ Referencetrigger
e Pausetrigger

Refer to the A7 Start Trigger Signal, AI Reference Trigger Signal, and Al Pause Trigger Signal
sections for information about these triggers.

An analog or digital trigger can initiate these actions. All M Series devices support digital
triggering, but some do not support analog triggering. To find your device triggering options,
refer to the specifications document for your device.
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Connecting Analog Input Signals

Table 4-3 summarizes the recommended input configuration for both types of signal sources.

Table 4-3. Analog Input Configuration

Floating Signal Sources
(Not Connected to
Building Ground)

Ground-Referenced
Signal Sources’

Examples:

Ungrounded thermocouples
Signal conditioning with isolated

Example:

Plug-in instruments with
non-isolated outputs

Al
Ground-Reference outputs
Setting” » Battery devices

Differential (DI FF) Signal Source DAQ Device Signal Source DAQ Device

Al+ » Al+ >

Al— B Al—

i Al GND

= =22
Non-Referenced Signal Source DAQ Device Signal Source DAQ Device
Single-Ended Al Al
(NRSE)

Al SENSE Al SENSE

A GNP —] A GND
Referenced Signal Source DAQ Device
Si ngle_Endaj (RSE) Al NOT RECOMMENDED

Signal Source DAQ Device
Al
Al GND
—_ Va
Vel 1aiGND

Ground-loop potential (V5 = Vg) are added
to measured signal.

* Refer to the Analog Input Ground-Reference Settings section for descriptions of the RSE, NRSE, and
DIFF modes and software considerations.
T Refer to the Connecting Ground-Referenced Signal Sources section for more information.
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Connecting Floating Signal Sources

What Are Floating Signal Sources?

A floating signal sourceis not connected to the building ground system, but has an isolated
ground-reference point. Some examples of floating signal sources are outputs of transformers,
thermocouples, battery-powered devices, optical isolators, and isolation amplifiers. An
instrument or device that has an isolated output is afloating signal source.

When to Use Differential Connections with Floating

Signal Sources

Use DIFF input connections for any channel that meets any of the following conditions:

e Theinput signal islow level (lessthan 1V).

¢ Theleads connecting the signal to the device are greater than 3 m (10 ft).

«  Theinput signal requires a separate ground-reference point or return signal.

e Thesignal leads travel through noisy environments.

e Two analog input channels, Al+ and Al-, are available for the signal.

DIFF signal connections reduce noise pickup and increase common-mode noiserejection. DIFF

signal connections also allow input signals to float within the common-mode limits of the
NI-PGIA.

Refer to the Using Differential Connections for Floating Signal Sources section for more
information about differential connections.

When to Use Non-Referenced Single-Ended (NRSE)
Connections with Floating Signal Sources

Only use NRSE input connections if the input signal meets the following conditions:

e Theinput signal ishigh-level (greater than 1 V).

*  Theleads connecting the signal to the device are less than 3 m (10 ft).

DIFF input connections are recommended for greater signal integrity for any input signal that
does not meet the preceding conditions.

In the single-ended modes, more electrostatic and magnetic noise couples into the signal
connections than in DIFF configurations. The coupling is the result of differencesin the signal
path. Magnetic coupling isproportional to the areabetween thetwo signal conductors. Electrical
coupling is afunction of how much the electric field differs between the two conductors.
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With thistype of connection, the NI-PGIA rejects both the common-mode noiseinthesignal and
the ground potential difference between the signal source and the device ground.

Refer to the Using Non-Referenced Single-Ended (NRSE) Connections for Floating Signal
Sources section for more information about NRSE connections.

When to Use Referenced Single-Ended (RSE)
Connections with Floating Signal Sources

Only use RSE input connections if the input signal meets the following conditions:

e Theinput signal can share acommon reference point, Al GND, with other signals that
use RSE.

¢« Theinput signa ishigh-level (greater than 1 V).
¢ Theleads connecting the signal to the device are less than 3 m (10 ft).

DIFF input connections are recommended for greater signal integrity for any input signal that
does not meet the preceding conditions.

In the single-ended modes, more electrostatic and magnetic noise couples into the signal
connections than in DIFF configurations. The coupling is the result of differencesin the signal
path. Magnetic coupling isproportional to the area between thetwo signal conductors. Electrical
coupling is afunction of how much the electric field differs between the two conductors.

With thistype of connection, the NI-PGI A rejects both the common-mode noisein the signal and
the ground potential difference between the signal source and the device ground.

Refer to the Using Referenced Single-Ended (RSE) Connections for Floating Signal Sources
section for more information about RSE connections.

Using Differential Connections for Floating Signal
Sources

It isimportant to connect the negative lead of afloating sourceto Al GND (either directly or
through a bias resistor). Otherwise, the source may float out of the maximum working voltage
range of the NI-PGIA and the DAQ device returns erroneous data.

The easiest way to reference the source to Al GND isto connect the positive side of the signal
to Al+ and connect the negative side of the signal to Al GND aswell asto Al- without using
resistors. This connection works well for DC-coupled sources with low source impedance (less
than 100 Q).

Note (NI USB-62xx BNC Devices) To measure afloating signal source on USB
BNC devices, move the switch under the BNC connector to the FS position.
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Figure 4-4. Differential Connections for Floating Signal Sources
without Bias Resistors
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However, for larger sourceimpedances, this connection leavesthe DIFF signal path significantly
off balance. Noise that couples electrostatically onto the positive line does not couple onto the
negative line because it is connected to ground. This noise appears as a DIFF-mode signal
instead of acommon-mode signal, and thus appearsin your data. In this case, instead of directly
connecting the negative lineto Al GND, connect the negative lineto Al GND through aresistor
that isabout 100 times the equivalent source impedance. The resistor putsthe signal path nearly
in balance, so that about the same amount of noi se couples onto both connections, yielding better
rejection of electrostatically coupled noise. This configuration does not load down the source
(other than the very high input impedance of the NI-PGIA).

Figure 4-5. Differential Connections for Floating Signal Sources
with Single Bias Resistor
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Signal
Source
o+—Al-
Fféf) 32?;; R o—Al SENSE
source o —AIGND
impedance T
of sensor

You can fully balance the signal path by connecting another resistor of the same value between
the positiveinput and Al GND, as shown in Figure 4-6. Thisfully balanced configuration offers
dlightly better noise rejection, but has the disadvantage of |oading the source down with the
series combination (sum) of thetwo resistors. If, for example, the sourceimpedanceis2 kQ and
each of thetwo resistorsis 100 kQ, the resistors |oad down the source with 200 kQ and produce
a-1% gain error.
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Figure 4-6. Differential Connections for Floating Signal Sources with
Balanced Bias Resistors
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Return . :;
Paths
sl ]
Input Multiplexers
ot——e
Al SENSE

1/0 Connector

M Series Module/Device Configured in Differential Mode

Both inputs of the NI-PGIA require a DC path to ground in order for the NI-PGIA to work. If
the source is AC coupled (capacitively coupled), the NI-PGIA needs aresistor between the
positive input and Al GND. If the source has low-impedance, choose aresistor that is large
enough not to significantly load the source but small enough not to produce significant input
offset voltage as aresult of input bias current (typically 100 kQ to 1 MQ). In this case, connect
the negative input directly to Al GND. If the source has high output impedance, balance the
signal path as previously described using the same value resistor on both the positive and
negative inputs; be aware that there is some gain error from loading down the source, as shown
in Figure 4-7.
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Figure 4-7. Differential Connections for AC Coupled Floating Sources with
Balanced Bias Resistors

AC Coupling M Series Device
AC Coupled OT—Al+

Floating
3 o1—Al-
% o+—AIl SENSE
o —AI GND

Signal
Source

Using Non-Referenced Single-Ended (NRSE)

Connections for Floating Signal Sources

Itisimportant to connect the negativelead of afloating signalssourceto Al GND (either directly
or through aresistor). Otherwise the source may float out of thevalid input range of the NI-PGIA
and the DAQ device returns erroneous data.

Note (NI USB-62xx BNC Devices) To measure afloating signal source on USB
BNC devices, move the switch under the BNC connector to the FS position.

Figure 4-8 shows a floating source connected to the DAQ device in NRSE mode.

Figure 4-8. NRSE Connections for Floating Signal Sources

— M Series Device

o+— Al
Floating
Signal o
Source
o+— Al SENSE
R
o+— Al GND
-

All of the bias resistor configurations discussed in the Using Differential Connections for
Floating Signal Sources section apply to the NRSE bias resistors as well. Replace Al- with

Al SENSE in Figures 4-4, 4-5, 4-6, and 4-7 for configurations with zero to two bias resistors.
The noise rgjection of NRSE mode is better than RSE mode because the Al SENSE connection
is made remotely near the source. However, the noise rejection of NRSE mode is worse than
DIFF mode because the Al SENSE connection is shared with all channels rather than being
cabled in atwisted pair with the Al+ signal.

Using the DAQ Assistant, you can configure the channelsfor RSE or NRSE input modes. Refer

tothe Configuring AI Ground-Reference Settings in Sofiware section for moreinformation about
the DAQ Assistant.
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Using Referenced Single-Ended (RSE) Connections for
Floating Signal Sources

Figure 4-9 shows how to connect afloating signal source to the M Series device configured for
RSE mode.

Figure 4-9. RSE Connections for Floating Signal Sources

i
Al <0..n>
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P Programmable Gain

Instrumentation
Amplifier
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Signal 6/; ol P
Source -
Input Multiplexers
o—=* Al SENSE

o+

Measured
Voltage

m

/"TAIGND @ T

1/0 Connector

Selected Channel in RSE Configuration

Note (NI USB-62xx BNC Devices) To measure afloating signal source on USB
BNC devices, move the switch under the BNC connector to the FS position.

Using the DAQ Assistant, you can configure the channelsfor RSE or NRSE input modes. Refer
tothe Configuring AI Ground-Reference Settings in Software section for moreinformation about
the DAQ Assistant.

Connecting Ground-Referenced Signal Sources

What Are Ground-Referenced Signal Sources?

A ground-referenced signal source isasignal source connected to the building system ground.
It isaready connected to a common ground point with respect to the device, assuming that the
computer is plugged into the same power system as the source. Non-isolated outputs of
instruments and devices that plug into the building power system fall into this category.

The difference in ground potential between two instruments connected to the same building
power system istypically between 1 and 100 mV, but the difference can be much higher if power
distribution circuits are improperly connected. If agrounded signal source isincorrectly
measured, this difference can appear as measurement error. Follow the connection instructions
for grounded signal sources to eliminate this ground potential difference from the measured
signal.
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When to Use Differential Connections with
Ground-Referenced Signal Sources

Use DIFF input connections for any channel that meets any of the following conditions:
e Theinput signal islow level (lessthan 1V).

¢ Theleads connecting the signal to the device are greater than 3 m (10 ft).

«  Theinput signal requires a separate ground-reference point or return signal.

e Thesignal leads travel through noisy environments.

¢ Two analog input channels, Al+ and Al-, are available.

DIFF signal connections reduce noise pickup and increase common-mode noise regjection. DIFF
signal connections also allow input signals to float within the common-mode limits of the
NI-PGIA.

Refer to the Using Differential Connections for Ground-Referenced Signal Sources section for
more information about differential connections.

When to Use Non-Referenced Single-Ended (NRSE)

Connections with Ground-Referenced Signal Sources

Only use non-referenced single-ended input connectionsif theinput signal meets the following
conditions:

e Theinput signal ishigh-level (greater than 1 V).
e Theleads connecting the signal to the device are less than 3 m (10 ft).
e Theinput signal can share a common reference point with other signals.

DIFF input connections are recommended for greater signal integrity for any input signal that
does not meet the preceding conditions.

In the single-ended modes, more el ectrostatic and magnetic noise couples into the signal
connections than in DIFF configurations. The coupling is the result of differencesin the signal
path. Magnetic coupling isproportional to the areabetween thetwo signal conductors. Electrical
coupling is afunction of how much the electric field differs between the two conductors.

With thistype of connection, the NI-PGIA rejects both the common-mode noiseinthesignal and
the ground potential difference between the signal source and the device ground.

Refer to the Using Non-Referenced Single-Ended (NRSE) Connections for Ground-Referenced
Signal Sources section for more information about NRSE connections.
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When to Use Referenced Single-Ended (RSE)

Connections with Ground-Referenced Signal Sources
Do not use RSE connections with ground-referenced signal sources. Use NRSE or DIFF
connections instead.

As shown in the bottom-rightmost cell of Table 4-3, there can be apotential difference between
Al GND and the ground of the sensor. In RSE mode, this ground loop causes measurement
errors.

Using Differential Connections for Ground-Referenced

Signal Sources

Figure 4-10 shows how to connect a ground-referenced signal source to the M Series device
configured in DIFF mode.

Figure 4-10. Differential Connections for Ground-Referenced Signal Sources

il
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oO—
o s o—¢
Ground- o P
Refgrenced g + : Instrumentation
Signal s . Amplifier
Source - o ¢ o—
+
Al—
—0—— v Measured
™ Voltage
Common- N o o o— -
Mode v o o o—4
Noise and cm : -
Ground - .
Potential ° i

Input Multiplexers

o——
Al SENSE

(e

1/0 Connector

M Series Device Configured in DIFF Mode

Note (NIUSB-62xx BNC Devices) To measure aground-referenced signal source
on USB BNC devices, move the switch under the BNC connector to the GS position.

With thistype of connection, the NI-PGI A rejects both the common-mode noisein the signal and

the ground potential difference between the signal source and the device ground, shown as V¢,
in the figure.

Al+ and Al- must both remain within £11 V of Al GND.
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Using Non-Referenced Single-Ended (NRSE)
Connections for Ground-Referenced Signal Sources
Figure 4-11 shows how to connect ground-reference signal sources in NRSE mode.

Figure 4-11. Single-Ended Connections for Ground-Referenced
Signal Sources (NRSE Configuration)
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Common- + Al SENSE -
Mc_)de v o Al GND or Al SENSE 2
Noise cm
and Ground -
Potential

M Series Device Configured in NRSE Mode

@ Note (NIUSB-62xx BNC Devices) To measure aground-referenced signal source
on USB BNC devices, move the switch under the BNC connector to the GS position.

Al+ and Al- must both remain within £11 V of Al GND.

To measure a single-ended, ground-referenced signal source, you must use the NRSE
ground-reference setting. Connect the signal to an Al terminal and connect the signal local
ground reference to its Al SENSE. Al SENSE and Al SENSE 2 areinternally connected to the
negativeinput of the NI-PGIA. Therefore, theground point of the signal connectsto the negative
input of the NI-PGIA.

Any potential difference between the device ground and the signal ground appears as a
common-mode signal at both the positive and negative inputs of the NI-PGIA, and this
difference is rejected by the amplifier. If the input circuitry of a device were referenced to
ground, asit isin the RSE ground-reference setting, this difference in ground potentials would
appear as an error in the measured voltage.

Using the DAQ Assistant, you can configure the channelsfor RSE or NRSE input modes. Refer
tothe Configuring AI Ground-Reference Settings in Software section for moreinformation about
the DAQ Assistant.
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Field Wiring Considerations

Environmental noise can seriously affect the measurement accuracy of the deviceif you do not
take proper care when running signal wires between signal sources and the device. The
following recommendations apply mainly to Al signal routing to the device, although they also
apply to signal routing in general.

Minimize noise pickup and maximize measurement accuracy by taking the following

precautions:

e UseDIFF Al connections to reject common-mode noise.

¢ Useindividualy shielded, twisted-pair wiresto connect Al signalsto the device. With this
type of wire, the signals attached to the positive and negative input channels are twisted
together and then covered with a shield. You then connect this shield only at one point to
the signal source ground. Thiskind of connection is required for signals traveling through
areas with large magnetic fields or high electromagnetic interference.

Refer to the Field Wiring and Noise Considerations for Analog Signals document for more
information. To access this document, goto ni . cont i nf o and enter the Info Coder df wn3.

Analog Input Timing Signals

In order to provide all of the timing functionality described throughout this section, M Series
deviceshaveaflexibletiming engine. Figure 4-12 summarizesall of thetiming options provided
by the analog input timing engine. Also refer to the Clock Routing section of Chapter 9, Digital
Routing and Clock Generation.

Figure 4-12. Analog Input Timing Options
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PFI, RTSI — -
Analog Comparison Event —
— Al Sample Clock
PXI_STAR Ctr n Internal Output —| | o P
Analog Comparison Al Sample Clock SW Pulse —
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Al Convert Clock
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M Series devices use Al Sample Clock (ai/SampleClock) and Al Convert Clock
(ai/ConvertClock) to perform interval sampling. As Figure 4-13 shows, Al Sample Clock
(ai/SampleClock) controls the sample period, which is determined by the following equation:

1/Sample Period = Sample Rate
Figure 4-13. Interval Sampling

Channel 0

Channel 1

|<— Convert Period
Sample Period

Al Convert Clock controls the Convert Period, which is determined by the following equation:

1/Convert Period = Convert Rate

Typically, thisrate is the sampling rate for the task multiplied by the number of channelsin the
task.

@ Note The sampling rateisthe fastest you can acquire data on the device and still
achieve accurate results. For example, if an M Series device has a sampling rate of
250 kS/s, this sampling rate is aggregate—one channel at 250 kS/s or two channels
at 125 kS/s per channel illustrates the relationship.

Posttriggered data acquisition allows you to view only datathat is acquired after atrigger event
isreceived. A typical posttriggered DAQ sequenceis shown in Figure 4-14. The sample counter
is loaded with the specified number of posttrigger samples, in this example, five. The value

decrements with each pulse on Al Sample Clock, until al desired samples have been acquired.

Figure 4-14. Posttriggered Data Acquisition Example

Al Start Trigger |_| :

Al Sample Clock I_I I_I I_I I_l I_I

Sample Counter 4 3 E 2 E 1 E 0 E 4

Pretriggered data acquisition allows you to view data that is acquired before the trigger of
interest, in addition to data acquired after the trigger. Figure 4-15 shows atypical pretriggered
DAQ sequence. Al Start Trigger (ai/StartTrigger) can be either ahardware or software signal. If
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Al Start Trigger is set up to be a software start trigger, an output pulse appears on the
ai/StartTrigger line when the acquisition begins. When the Al Start Trigger pulse occurs, the
sample counter is loaded with the number of pretriggered samples, in this example, four. The
value decrements with each pulse on Al Sample Clock. The sample counter is then loaded with
the number of posttriggered samples, in this example, three.

Figure 4-15. Pretriggered Data Acquisition Example

Al Start Trigger

Al Reference Trigger _ n/a

Al Sample Clock

Al Convert Clock .

Scan Counter 3 2 1 0 2 2 2 1 0

If an Al Reference Trigger (ai/ReferenceTrigger) pulse occurs before the specified number of
pretrigger samples are acquired, the trigger pulseisignored. Otherwise, when the Al Reference
Trigger pulse occurs, the sample counter value decrements until the specified number of
posttrigger samples have been acquired.

M Series devices feature the following analog input timing signals:
e Al Sample Clock Signal

e Al Sample Clock Timebase Signal

e Al Convert Clock Signal

e Al Convert Clock Timebase Signal

e Al Hold Complete Event Signal

e Al Start Trigger Signal

e Al Reference Trigger Signal

e Al Pause Trigger Signal

Al Sample Clock Signal

Use the Al Sample Clock (ai/SampleClock) signal to initiate a set of measurements. Y our
M Series device samples the Al signals of every channel in the task once for every Al Sample
Clock. A measurement acquisition consists of one or more samples.

You can specify an internal or external source for Al Sample Clock. You also can specify
whether the measurement sampl e begins on the rising edge or falling edge of Al Sample Clock.
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Using an Internal Source

One of the following internal signals can drive Al Sample Clock:
e Counter n Internal Output

¢ Al Sample Clock Timebase (divided down)

¢« A pulseinitiated by host software

A programmable internal counter divides down the sample clock timebase.

Severa other internal signals can be routed to Al Sample Clock through RTSI. Refer to Device
Routing in MAX in the NI-DAQmx Help or the LabVIEW Help for more information.

Using an External Source
Use one of the following external signals as the source of Al Sample Clock:

«  PFI<0.15>
«  RTSI<0.7>
«  PXI_STAR

¢ Analog Comparison Event (an analog trigger)

Routing Al Sample Clock Signal to an Output Terminal

Y ou can route Al Sample Clock out to any PFI <0..15> or RTSI <0..7> terminal. This pulseis
always active high.

You can specify the output to have one of two behaviors. With the pulse behavior, your DAQ
device briefly pulses the PFI terminal once for every occurrence of Al Sample Clock.

With level behavior, your DAQ device drives the PFI terminal high during the entire sample.

All PFI terminals are configured as inputs by default.

Other Timing Requirements

Y our DAQ device only acquires dataduring an acquisition. The deviceignores Al Sample Clock
when ameasurement acquisition isnot in progress. During a measurement acquisition, you can
cause your DAQ deviceto ignore Al Sample Clock using the Al Pause Trigger signal.

A counter on your device internally generates Al Sample Clock unless you select some external
source. Al Start Trigger starts this counter and either software or hardware can stop it once a
finite acquisition completes. When using an internally generated Al Sample Clock, you aso can
specify aconfigurabledelay from Al Start Trigger to thefirst Al Sample Clock pulse. By defaullt,
thisdelay is set to two ticks of the Al Sample Clock Timebase signal. When using an externally
generated Al Sample Clock, you must ensure the clock signal is consistent with respect to the
timing requirements of Al Convert Clock. Failureto do so may resultin Al Sample Clock pulses
that are masked off and acquisitions with erratic sampling intervals. Refer to Al Convert Clock
Signal for more information about the timing requirements between Al Convert Clock and Al
Sample Clock.
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Figure 4-16 shows the relationship of Al Sample Clock to Al Start Trigger.
Figure 4-16. Al Sample Clock and Al Start Trigger
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Al Start Trigger |_| .
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| Delay |
From
Start

Trigger

Al Sample Clock Timebase Signal

Y ou can route any of the following signalsto be the Al Sample Clock Timebase
(ai/SampleClockTimebase) signal:

¢ 20 MHz Timebase

¢ 100 kHz Timebase

«  PXI_CLK10
« RTSI<0.7>
«  PFI <0.15>
«  PXI_STAR

¢ Analog Comparison Event (an analog trigger)

Al Sample Clock Timebaseis not available as an output on the I/O connector. Al Sample Clock
Timebase is divided down to provide one of the possible sourcesfor Al Sample Clock. You can
configure the polarity selection for Al Sample Clock Timebase as either rising or falling edge.

Al Convert Clock Signal

Usethe Al Convert Clock (ai/ConvertClock) signal to initiate asingle A/D conversion on a
single channel. A sample (controlled by the Al Sample Clock) consists of one or more
conversions.

You can specify either aninternal or external signal asthe source of Al Convert Clock. You also
can specify whether the measurement sample begins on the rising edge or falling edge of Al
Convert Clock.
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NI-DAQmx choosesthefastest conversion rate possible based on the speed of the A/D converter
and adds 10 ps of padding between each channel to allow for adequate settling time. This
scheme enables the channel s to approximate simultaneous sampling and still allow for adequate
settling time. If the Al Sample Clock rate istoo fast to alow for this 10 s of padding,
NI-DAQmx chooses the conversion rate so that the Al Convert Clock pulses are evenly spaced
throughout the sample.

Toexplicitly specify theconversionrate, use AI Convert Clock Rate DAQmx Timing property
node or function.

Note Setting the conversion rate higher than the maximum rate specified for your
device will result in errors.

Using an Internal Source

One of the following internal signals can drive Al Convert Clock:
e Al Convert Clock Timebase (divided down)

e Counter n Internal Output

A programmableinternal counter divides down the Al Convert Clock Timebase to generate Al
Convert Clock. The counter is started by Al Sample Clock and continues to count down to zero,
producesan Al Convert Clock, reloadsitself, and repeatsthe process until the sampleisfinished.
It then reloads itself in preparation for the next Al Sample Clock pulse.

Using an External Source
Use one of the following external signals as the source of Al Convert Clock:

«  PFl <0.15>
« RTSI<0.7>
«  PXI_STAR

¢ Analog Comparison Event (an analog trigger)

Routing Al Convert Clock Signal to an Output Terminal

You canroute Al Convert Clock (asan activelow signal) out to any PFI <0..15> or RTSI <0..7>
terminal.

All PFI terminals are configured as inputs by default.
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Using a Delay from Sample Clock to Convert Clock

When using aninternally generated Al Convert Clock, you also can specify aconfigurable delay
from Al Sample Clock to the first Al Convert Clock pulse within the sample. By default, this
delay isthreeticks of Al Convert Clock Timebase.

Figure 4-17 shows the relationship of Al Sample Clock to Al Convert Clock.
Figure 4-17. Al Sample Clock and Al Convert Clock
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Other Timing Requirements

The sample and conversion level timing of M Series devices work such that clock signals are
gated off unless the proper timing requirements are met. For example, the device ignores both
Al Sample Clock and Al Convert Clock until it receivesavalid Al Start Trigger signal. Once
the device recognizes an Al Sample Clock pulse, it ignores subsequent Al Sample Clock pulses
until it receives the correct number of Al Convert Clock pulses.

Similarly, thedeviceignoresall Al Convert Clock pulsesuntil it recognizesan Al Sample Clock
pulse. Once the device receives the correct number of Al Convert Clock pulses, it ignores
subsequent Al Convert Clock pulses until it receives another Al Sample Clock. Figures 4-18,
4-19, 4-20, and 4-21 show timing sequences for a four-channel acquisition (using Al channels
0, 1, 2, and 3) and demonstrate proper and improper sequencing of Al Sample Clock and Al
Convert Clock.

Figure 4-18. Al Sample Clock Pulses Are Gated Off;
Al Sample Clock Too Fast For Convert Clock

Al Sample Clock _ﬂ_,_l_,_l_ﬂ_,_l_,_l_ﬂ_,_l_,_l_

Channel Measured E 0123 0123
1 Sample #1 Sample #2

Al Convert Clock

0123
Sample #3
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Figure 4-19. Al Convert Clock Too Fast For Al Sample Clock; Al Convert Clock Pulses Are
Gated Off
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Figure 4-20. Al Sample Clock and Al Convert Clock Improperly Matched,;
Leads to Aperiodic Sampling
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Figure 4-21. Al Sample Clock and Al Convert Clock Properly Matched
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Itisalso possible to use asingle external signal to drive both Al Sample Clock and Al Convert
Clock at the same time. In this mode, each tick of the external clock causes a conversion on the
ADC. Figure 4-22 shows this timing relationship.

Figure 4-22. One External Signal Driving Both Clocks Simultaneously
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Al Convert Clock Timebase Signal

The Al Convert Clock Timebase (ai/ConvertClockTimebase) signal is divided down to provide
one of the possible sourcesfor Al Convert Clock. Use one of the following signals asthe source
of Al Convert Clock Timebase:

¢ Al Sample Clock Timebase
e 20 MHz Timebase

Al Convert Clock Timebase is not available as an output on the I/O connector.

Al Hold Complete Event Signal

The Al Hold Complete Event (ai/HoldCompleteEvent) signal generates a pulse after each A/D
conversion begins. Y ou can route Al Hold Complete Event out to any PFI <0..15> or
RTSI <0..7> terminal.

The polarity of Al Hold Complete Event is software-selectable, but istypically configured so
that alow-to-high leading edge can clock external Al multiplexers indicating when the input
signal has been sampled and can be removed.

Al Start Trigger Signal

Usethe Al Start Trigger (ai/StartTrigger) signa to begin a measurement acquisition. A
measurement acquisition consists of one or more samples. If you do not use triggers, begin a
measurement with a software command. Once the acquisition begins, configure the acquisition
to stop:

¢ When acertain number of points are sampled (in finite mode)
e After ahardware reference trigger (in finite mode)
e With asoftware command (in continuous mode)

An acquisition that uses a start trigger (but not areference trigger) is sometimesreferred to asa
posttriggered acquisition.

Using a Digital Source

To use Al Start Trigger with adigital source, specify a source and an edge. The source can be
any of the following signals:

e PFI <0.15>
¢ RTSI<0.7>
¢ Counter n Internal Output
« PXI_STAR
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The source a so can be one of several other internal signalson your DAQ device. Refer to Device
Routing in MAX in the NI-DAQmx Help or the LabVIEW Help for more information.

You also can specify whether the measurement acquisition begins on the rising edge or falling
edge of Al Start Trigger.

Using an Analog Source

When you use an analog trigger source, the acquisition begins on the first rising edge of the
Analog Comparison Event signal.

Routing Al Start Trigger to an Output Terminal

Y ou can route Al Start Trigger out to any PFI <0..15> or RTSI <0..7> terminal. The output isan
active high pulse. All PFI terminals are configured as inputs by default.

The device also uses Al Start Trigger to initiate pretriggered DAQ operations. In most
pretriggered applications, asoftwaretrigger generates Al Start Trigger. Refer tothe A7 Reference
Trigger Signal section for acomplete description of theuse of Al Start Trigger and Al Reference
Trigger in apretriggered DAQ operation.

Al Reference Trigger Signal

Use Al Reference Trigger (ai/ReferenceTrigger) signa to stop a measurement acquisition. To
use areference trigger, specify a buffer of finite size and a number of pretrigger samples
(samples that occur before the reference trigger). The number of posttrigger samples (samples
that occur after the reference trigger) desired is the buffer size minus the number of pretrigger
samples.

Oncethe acquisition begins, the DAQ device writes samplesto the buffer. After the DAQ device
captures the specified number of pretrigger samples, the DAQ device begins to ook for the
reference trigger condition. If the reference trigger condition occurs before the DAQ device
captures the specified number of pretrigger samples, the DAQ device ignores the condition.

If the buffer becomesfull, the DAQ device continuously discardsthe oldest samplesin the buffer
to make space for the next sample. This data can be accessed (with some limitations) before the
DAQ devicediscardsit. Refer to the KnowledgeBase document, Can a Pretriggered Acquisition
be Continuous?, for more information. To access this KnowledgeBase, gotoni . cont i nf o
and enter the Info Coder dcang.
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When the referencetrigger occurs, the DAQ device continuesto write samplesto the buffer until
the buffer contains the number of posttrigger samples desired. Figure 4-23 shows the final
buffer.

Figure 4-23. Reference Trigger Final Buffer
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Using a Digital Source

Touse Al Reference Trigger with adigital source, specify asource and an edge. The source can
be any of the following signals:

«  PFI<0.15>
« RTSI<0.7>
«  PXI_STAR

The source also can be one of several internal signals on your DAQ device. Refer to Device
Routing in MAX in the NI-DAQmx Help or the LabVIEW Help for more information.

You also can specify whether the measurement acquisition stops on the rising edge or falling
edge of Al Reference Trigger.

Using an Analog Source

When you use an analog trigger source, the acquisition stops on thefirst rising edge of the
Anaog Comparison Event signal.

Routing Al Reference Trigger Signal to an Output Terminal
Y ou can route Al Reference Trigger out to any PFI <0..15> or RTSI <0..7> terminal.

All PFI terminals are configured as inputs by default.

Al Pause Trigger Signal

Usethe Al Pause Trigger (ai/PauseTrigger) signal to pause and resume a measurement
acquisition. The internal sample clock pauses while the external trigger signal is active and
resumes when the signal isinactive. Y ou can program the active level of the pausetrigger to be
high or low.

© National Instruments | 4-31

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 4 Analog Input

Using a Digital Source

Touse Al Pause Trigger, specify asource and apolarity. The source can be any of thefollowing
signas:

«  PFI<0.15>
« RTSI<0.7>
«  PXI_STAR

The source a so can be one of several other internal signalson your DAQ device. Refer to Device
Routing in MAX in the NI-DAQmx Help or the LabVIEW Help for more information.

Using an Analog Source

When you use an analog trigger source, the internal sample clock pauses when the Analog
Comparison Event signa islow and resumes when the signal goes high (or vice versa).

Routing Al Pause Trigger Signal to an Output Terminal
Y ou can route Al Pause Trigger out to RTSI <0..7>.

—
_—
—
—

= Note Pausetriggersare only sensitive to the level of the source, not the edge.

Getting Started with Al Applications in Software

Y ou can use the M Series device in the following analog input applications:

e Single-point analog input
«  Finite analog input
e Continuous analog input

You can perform these applications through DMA, interrupt, or programmed 1/O data transfer
mechanisms. Some of the applications also use start, reference, and pause triggers.

Note For more information about programming anal og input applications and
triggers in software, refer to the NI-DAQmx Help or the LabVIEW Help.
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Analog Output

Many M Series devices have analog output functionality. M Series devices that support analog
output have either two or four AO channelsthat are controlled by asingle clock and are capable
of waveform generation. Refer to the specifications document for your device for information
about the capabilities of your device.

Figure 5-1 shows the analog output circuitry of M Series devices.
Figure 5-1. M Series Analog Output Circuitry

A0 0 —— DACO
AO 1 ﬁ% DAC1

: AOFIFO  ——AO Data
A02 —— DAC2
A03 —— DAC3
]] AO Sample Clock
AO Offset Select

AO Reference Select

The main blocks featured in the M Series analog output circuitry are asfollows:
«  DACs—Digital-to-analog converters (DACs) convert digital codes to analog voltages.

¢ AO FIFO—The AO FIFO enables analog output waveform generation. Itisa
first-in-first-out (FIFO) memory buffer between the computer and the DACs. It allowsyou
to download the points of awaveform to your M Series device without host computer
interaction.

¢ AO Sample Clock—The AO Sample Clock signal readsasamplefrom the DAC FIFO and
generates the AO voltage.

¢ AO Offset and AO Reference Selection—AOQ offset and AO reference selection signals
allow you to change the range of the analog outputs.
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AO Offset and AO Reference Selection

AO offset and AO reference selection alow you to set the AO range. The AO range describes
the set of voltages the device can generate. The digital codes of the DAC are spread evenly
acrossthe AO range. So, if therangeissmaller, the AO has better resolution; that is, the voltage
output difference between two consecutive codesis smaller. Therefore, the AO ismore accurate.

The AO range of adeviceisal of the voltages between:
(AO Offset - AO Reference) and (AO Offset + AO Reference)

The possible settings for AO reference depend on the device model. For models not described
below, refer to the specifications for your device.

* (NI 622x Devices) On NI 622x devices, the AO offset isaways 0V (AO GND). The
AO referenceisaways 10 V. So, for NI 622x devices, the AO range = £10 V.

e (NI 625x Devices) On NI 625x devices, the AO offset isalways 0V (AO GND). The
AOQ reference of each analog output (AO <0..3>) can be individually set to one of the
following:

-  *10V
- 15V
- *APFI <0,1>

You can connect an external signal to APFI <0,1> to provide the AO reference. The

AO reference can be a positive or negative voltage. If AO referenceis a negative voltage,
the polarity of the AO output isinverted. The valid ranges of APFI <0,1> arelisted in the
device specifications.

You can use one of the AO <0..3> signalsto bethe AO reference for adifferent AO signal.
However, you must externally connect this channel to APFI O or APFI 1.

e (NI 628xDevices) On NI 628x devices, the AO offset of each analog output can be
individually set to one of the following:

- 0V (AOGND)

- 5V

— APFI <0,1>

- AO0<0.3>

You can connect an external signal to APFI <0,1> to provide the AO offset.

You can route the output of one of the AO <0..3> signalsto be the AO offset for adifferent
AO <0..3>signal . For example, AO 0 can berouted to bethe AO offset of AO 1. Thisroute
is done on the device; no external connections are required.

You cannot route an AO channel to be its own offset.
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On NI 628x devices, the AO reference of each analog output can be individually set to one
of the following:

- 10V

- 15V

— *APFI <0,1>

-  *A0<0.3>

You can connect an external signal to APFI <0,1> to provide the AO reference.

You can route the output of one of the AO <0..3> signals to be the AO reference for a
different AO <0..3> signal. For example, AO 0 can be routed to be the AO reference of
AO 1. Thisroute is done on the device; no external connections are required.

You cannot route an AO channel to be its own reference.

The AO reference can be a positive or negative voltage. If AO reference is anegative
voltage, the polarity of the AO output isinverted.

Note When using an external reference, the output signal is not calibrated in
software. You can generate a value and measure the voltage offset to calibrate your
output in software.

Minimizing Glitches on the Output Signal

When you use a DAC to generate a waveform, you may observe glitches on the output signal.
These glitches are normal; when a DA C switches from one voltage to another, it produces
glitches due to released charges. The largest glitches occur when the most significant bit of the
DAC code changes. Y ou can build alowpass deglitching filter to remove some of these glitches,
depending on the frequency and nature of the output signal. Visit ni . coni support for more
information about minimizing glitches.

Analog Output Data Generation Methods

When performing an analog output operation, you either can perform software-timed or
hardware-timed generations.

Software-Timed Generations

With asoftware-timed generation, software control sthe rate at which datais generated. Software
sends a separate command to the hardware to initiate each DAC conversion. In NI-DAQmMX,
software-timed generations are referred to as on-demand timing. Software-timed generationsare
also referred to asimmediate or static operations. They are typically used for writing asingle
value out, such as a constant DC voltage.
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Hardware-Timed Generations

With ahardware-timed generation, adigital hardware signal controlsthe rate of the generation.
Thissignal can be generated internally on your device or provided externally.

Hardware-timed generations have several advantages over software-timed acquisitions:
¢ Thetime between samples can be much shorter.

e Thetiming between samples can be deterministic.

e Hardware-timed generations can use hardware triggering.

Hardware-timed operations can be buffered or non-buffered. A buffer isatemporary storagein
computer memory for to-be-generated samples.

«  Buffered—In abuffered acquisition, datais moved from a PC buffer to the DAQ device's
onboard FIFO using DMA or interrupts for NI PCI/PCle/PX1/PXledevices or USB Signa
Streams for USB devices before it is written to the DACs one sample at atime. Buffered
acquisitions typically allow for much faster transfer rates than non-buffered acquisitions
because data is moved in large blocks, rather than one point at atime.

Oneproperty of buffered 1/0 operationsisthe sample mode. The sample mode can be either
finite or continuous:

—  Finite sample mode generation refers to the generation of a specific, predetermined
number of data samples. Once the specified number of samples has been written out,
the generation stops.

—  Continuous generation refers to the generation of an unspecified number of samples.
Instead of generating a set number of data samples and stopping, a continuous
generation continues until you stop the operation. There are severa different methods
of continuous generation that control what datais written. These methods are
regeneration, FIFO regeneration and non-regeneration modes:

*  Regeneration isthe repetition of the data that is already in the buffer. Standard
regeneration is when data from the PC buffer is continually downloaded to the
FIFO to be written out. New data can be written to the PC buffer at any time
without disrupting the output.

*  With FIFO regeneration, the entire buffer is downloaded to the FIFO and
regenerated from there. Once the datais downloaded, new data cannot be written
to the FIFO. To use FIFO regeneration, the entire buffer must fit within the FIFO
size. The advantage of using FIFO regeneration is that it does not require
communication with the main host memory oncethe operation is started, thereby
preventing any problems that may occur due to excessive bus traffic.

«  With non-regeneration, old data is not repeated. New data must be continually
written to the buffer. If the program does not write new datato the buffer at afast
enough rate to keep up with the generation, the buffer underflows and causes an
error.
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¢ Non-buffered—In non-buffered acquisitions, datais written directly to the DACs on the
device. Typically, hardware-timed, non-buffered operations are used to write single
samples with good latency and known time increments between them.

@ Note (NI USB-62xxDevices) USB M Seriesdevicesdo not support non-buffered
hardware-timed operations.

Analog Output Triggering

Analog output supports two different triggering actions:
e Start trigger
e Pausetrigger

An analog or digital trigger can initiate these actions. All M Series devices support digital
triggering, but some do not support analog triggering. To find your device's triggering options,
refer to the specifications document for your device. Refer to the AO Start Trigger Signal and
AO Pause Trigger Signal sections for more information about these triggering actions.

Connecting Analog Output Signals

AO <0..3> are the voltage output signalsfor AO channels 0, 1, 2, and 3. AO GND isthe ground
reference for AO <0..3>.

Figure 5-2 shows how to make AO connections to the device.
Figure 5-2. Analog Output Connections

al Analog Output Channels L Analog Output Channels
T A0 0O Channel Or T A0 2 Channel Zr
Load V OUT Load V OUT
|| AOGND || AOGND
PO PO
Load VvV OUT Load| | VOUT
+ AO1 Channel 1 r_ + AO3 Channel 3 r_

L L
Connector 0 (Al 0-15) M Series Device Connector 1 (Al 16—-31)

M Series Device
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Analog Output Timing Signals

Figure 5-3 summarizes all of the timing options provided by the analog output timing engine.
Figure 5-3. Analog Output Timing Options

PFIl, RTSI —
PFI, RTSI —

PXI_STAR —
AO Sample Clock
e

PXI_STAR — Analog Comparison Event —

Analog Comparison __| Ctr n Internal Output —

Event AO Sample Clock
20 MHz Timebase — Tlme‘base Programmable
® Clock
Divider
100 kHz Timebase —

PXI_CLK10 —

M Series devices feature the following AO (waveform generation) timing signals:
e AO Start Trigger Signal

e AO Pause Trigger Signal

e AO Sample Clock Signal

e AO Sample Clock Timebase Signal

AO Start Trigger Signal

Usethe AO Start Trigger (ao/StartTrigger) signal to initiate a waveform generation. |f you do
not use triggers, you can begin a generation with a software command.

Using a Digital Source

To use AO Start Trigger, specify a source and an edge. The source can be one of the following
signals:

¢ A pulseinitiated by host software

. PFI <0..15>

. RTSI <0..7>

« Al Reference Trigger (ai/ReferenceTrigger)

e Al Start Trigger (ai/StartTrigger)

+  PXI_STAR

The source also can be one of several internal signals on your DAQ device. Refer to Device
Routing in MAX in the NI-DAQmx Help or the LabVIEW Help for more information.
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You also can specify whether the waveform generation begins on therising edge or falling edge
of AO Start Trigger.

Using an Analog Source

When you use an anal og trigger source, the waveform generation begins on thefirst rising edge
of the Analog Comparison Event signal. Refer to the Triggering with an Analog Source section
of Chapter 11, Triggering, for more information.

Routing AO Start Trigger Signal to an Output Terminal
You can route AO Start Trigger out to any PFl <0..15> or RTSI <0..7> terminal.

The output is an active high pulse. PFI terminals are configured as inputs by default.

AO Pause Trigger Signal
Use the AO Pause Trigger (ao/PauseTrigger) signa to mask off samplesin a DAQ sequence.
That is, when AO Pause Trigger is active, no samples occur.

AO Pause Trigger does not stop asamplethat isin progress. The pause does not take effect until
the beginning of the next sample.

When you generate analog output signals, the generation pauses as soon as the pause trigger is
asserted. If the source of your sample clock isthe onboard clock, the generation resumes as soon
asthe pause trigger is deasserted, as shown in Figure 5-4.

Figure 5-4. AO Pause Trigger with the Onboard Clock Source

Pause Trigger

Sample Clock ﬂ |_| I_I I_I—

If you are using any signal other than the onboard clock as the source of your sample clock, the
generation resumes as soon as the pause trigger is deasserted and another edge of the sample
clock isreceived, as shown in Figure 5-5.

Figure 5-5. AO PauseTrigger with Other Signal Source

Pause Trigger 4i—i—
qompeconc LTI T
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Using a Digital Source

Touse AO Pause Trigger, specify asourceand apolarity. The source can be one of thefollowing
signas:

«  PFI<0.15>
« RTSI<0.7>
«  PXI_STAR

The source a so can be one of several other internal signalson your DAQ device. Refer to Device
Routing in MAX in the NI-DAQmx Help or the LabVIEW Help for more information.

You also can specify whether the samples are paused when AO Pause Trigger is at alogic high
or low level.

Using an Analog Source

When you use an analog trigger source, the samples are paused when the Analog Comparison
Event signal isat ahigh level. Refer to the Triggering with an Analog Source section of
Chapter 11, Triggering, for more information.

Routing AO Pause Trigger Signal to an Output Terminal
Y ou can route AO Pause Trigger out to RTSI <0..7>.

AO Sample Clock Signal

Use the AO Sample Clock (ao/SampleClock) signal to initiate AO samples. Each sample
updates the outputs of all of the DACs. Y ou can specify an internal or external source for AO
Sample Clock. Y ou al so can specify whether the DAC update beginson therising edge or falling
edge of AO Sample Clock.

Using an Internal Source

One of the following internal signals can drive AO Sample Clock:
e AO Sample Clock Timebase (divided down)

e Counter n Internal Output

A programmableinternal counter divides down the AO Sample Clock Timebase signal.

Using an External Source
Use one of the following external signals as the source of AO Sample Clock:

+  PFl <0.15>
« RTSI<0.7>
«  PXI_STAR

¢ Analog Comparison Event (an analog trigger)
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Routing AO Sample Clock Signal to an Output Terminal

Y ou can route AO Sample Clock (asan activelow signal) out to any PFI <0..15> or RTSI <0..7>
terminal.

Other Timing Requirements

A counter onyour deviceinternally generates AO Sample Clock unlessyou select some external
source. AO Start Trigger starts the counter and either the software or hardware can stop it once
afinite generation completes. When using an internally generated AO Sample Clock, you aso
can specify aconfigurable delay from AO Start Trigger to the first AO Sample Clock pulse. By
default, this delay is two ticks of AO Sample Clock Timebase.

Figure 5-6 shows the relationship of AO Sample Clock to AO Start Trigger.
Figure 5-6. AO Sample Clock and AO Start Trigger

AO Sample Clock Timebase M

AO Start Trigger I_I
AO Sample Clock : [
| Delay |
From
Start
Trigger

AO Sample Clock Timebase Signal

The AO Sample Clock Timebase (ao/SampleClock Timebase) signal isdivided down to provide
asource for AO Sample Clock.

You can route any of the following signals to be the AO Sample Clock Timebase signal:
¢ 20 MHz Timebase
e 100 kHz Timebase

«  PXI_CLK10
«  PFI <0.15>
« RTSI <0.7>
«  PXI_STAR

e Analog Comparison Event (an analog trigger)

AO Sample Clock Timebase is not available as an output on the 1/0 connector.
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You might use AO Sample Clock Timebase if you want to use an external sample clock signal,
but need to divide the signal down. If you want to use an external sample clock signal, but do
not need to divide the signal, then you should use AO Sample Clock rather than AO Sample
Clock Timebase.

Getting Started with AO Applications in Software

You can use an M Series device in the following anal og output applications:
¢ Single-point (on-demand) generation

«  Finite generation

¢ Continuous generation

¢ Waveform generation

You can perform these generations through programmed |/O, interrupt, or DMA data transfer
mechanisms. Some of the applications also use start triggers and pause triggers.

Note For more information about programming anal og output applications and
triggers in software, refer to the NI-DAQmx Help or the LabVIEW Help.
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M Series devices contain up to 32 lines of bidirectional DIO signals on Port 0. In addition,
M Series devices have up to 16 PFI signals that can function as static DIO signals.

M Series devices support the following DIO features on Port 0:

Upto 32 lines of DIO

Direction and function of each terminal individually controllable
Static digital input and output

High-speed digital waveform generation

High-speed digital waveform acquisition

DI change detection trigger/interrupt

Figure 6-1 showsthecircuitry of one DIO line. Each DIO lineissimilar. The following sections
provide information about the various parts of the DIO circuit.

Figure 6-1. M Series Digital I/O Circuitry

DO Waveform
Generation FIFO

DO Sample Clock J

Static DO
Buffer

PO.x

1/0 Protection
DO.x Direction Control

Static DI — Weak Pull-Down

DI Waveform
Measurement
FIFO

DI Sample Clock J

DI Change
Detection

The DIO terminals are named P0.<0..31> on the M Series device I/O connector.
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The voltage input and output levels and the current drive levels of the DIO lines are listed in the
specifications of your device.

Static DIO

Each of the M Series DIO lines can be used asastatic DI or DO line. Y ou can use static DIO
lines to monitor or control digital signals. Each DIO can be individually configured as a digital
input (DI) or digita output (DO).

All samples of static DI lines and updates of DO lines are software-timed.

P0.6 and P0.7 on 68-pin M Seriesdevicesalso can control the up/down input of general-purpose
counters 0 and 1, respectively. However, it is recommended that you use PFI signals to control
the up/down input of the counters. The up/down control signals, Counter 0 Up_Down and
Counter 1 Up_Down, are input-only and do not affect the operation of the DIO lines.

Digital Waveform Triggering

M Series devices do not have an independent DI or DO Start Trigger for digital waveform
acquisition or generation. To trigger a DI or DO operation, first select asignal to be the source
of DI Sample Clock or DO Sample Clock. Then, generate atrigger that initiates pulses on the
source signal. The method for generating this trigger depends on which signal is the source of
DI Sample Clock or DO Sample Clock.

For example, consider the casewhereyou are using Al Sample Clock asthe source of DI Sample
Clock. To initiate pulses on Al Sample Clock (and therefore on DI Sample Clock), you use

Al Start Trigger to trigger the start of an Al operation. The Al Start Trigger causesthe M Series
device to begin generating Al Sample clock pulses, which in turn generates DI Sample clock
pulses, as shown in Figure 6-2.

Figure 6-2. Digital Waveform Triggering
PFI 1 Al Start Trigger initiates
(Al Start Trigger) % Al Sample Clock and DI Sample Clock.
Al Sample Clock <:dj I—L co e
DI Sample Clock I—L ce e

Similarly, if you are using AO Sample Clock as the source of DI Sample Clock, then AO Start
Trigger initiates both AO and DI operations.

If you are using a Counter output as the source of DI Sample Clock, the counter’s start trigger,
enables the counter which drives DI Sample Clock.

If you are using an external signal (such as PFI x) as the source for DI Sample Clock or DO
Sample Clock, you must trigger that external signal.
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Digital Waveform Acquisition

Y ou can acquire digital waveforms on the Port 0 DIO lines. The DI waveform acquisition FIFO
stores the digital samples. M Series devices have a DMA controller dedicated to moving data
from the DI waveform acquisition FIFO to system memory. The DAQ device samplesthe DIO
lines on each rising or falling edge of aclock signal, DI Sample Clock.

You can configure each DIO lineto be an output, astatic input, or adigital waveform acquisition
input.

M Series devices feature the DI Sample Clock Signal digital input timing signal.

DI Sample Clock Signal

Usethe DI Sample Clock (di/SampleClock) signal to sample the P0.<0..31> terminals and store
the result in the DI waveform acquisition FIFO. M Series devices do not have the ability to
divide down atimebase to produce an internal DI Sample Clock for digital waveform
acquisition. Therefore, you must route an external signal or one of many internal signalsfrom
another subsystem to be the DI Sample Clock. For example, you can correlate digital and analog
samplesin time by sharing your Al Sample Clock or AO Sample Clock as the source of your DI
Sample Clock. To sample adigital signal independent of an Al, AO, or DO operation, you can
configure a counter to generate the desired DI Sample Clock or use an external signal asthe
source of the clock.

If the DAQ devicereceivesaDI Sample Clock whenthe FIFOisfull, it reportsan overflow error
to the host software.

Using an Internal Source

Touse DI Sample Clock with aninternal source, specify the signal source and the polarity of the
signal. The source can be any of the following signals:

¢ Al Sample Clock (ai/SampleClock)
e Al Convert Clock (ai/ConvertClock)
¢ AO Sample Clock (ao/SampleClock)
¢ Counter n Internal Output

e Freguency Output

¢ DI Change Detection Output

Several other internal signals can be routed to DI Sample Clock through RTSI. Refer to Device
Routing in MAX in the NI-DAQmx Help or the LabVIEW Help for more information.
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Using an External Source
Y ou can route any of the following signals as DI Sample Clock:

«  PFl <0.15>
+ RTSI<0.7>
«  PXI_STAR

¢ Analog Comparison Event (an analog trigger)

You can sample data on the rising or falling edge of DI Sample Clock.

Routing DI Sample Clock to an Output Terminal

Y ou can route DI Sample Clock out to any PFI terminal. The PFI circuitry inverts the polarity
of DI Sample Clock before driving the PFI terminal.

Digital Waveform Generation

Y ou can generate digital waveforms on the Port O DIO lines. The DO waveform generation
FIFO stores the digital samples. M Series devices have aDMA controller dedicated to moving
data from the system memory to the DO waveform generation FIFO. The DAQ device moves
samplesfrom the FIFO to the DIO terminals on each rising or falling edge of aclock signal, DO
Sample Clock. Y ou can configure each DIO signal to be an input, a static output, or adigital
waveform generation output.

The FIFO supports aretransmit mode. In the retransmit mode, after all the samplesin the FIFO
have been clocked out, the FIFO begins outputting all of the samples again in the same order.
For example, if the FIFO contains five samples, the pattern generated consists of sample#1, #2,
#3, #4, #5, #1, #2, #3, #4, #5, #1, and so on.

M Series devices feature the DO Sample Clock Signal digital output timing signal.

DO Sample Clock Signal

Use the DO Sample Clock (do/SampleClock) signal to update the DO terminals with the next
sample from the DO waveform generation FIFO. M Series devices do not have the ability to
divide down atimebase to produce an internal DO Sample Clock for digital waveform
generation. Therefore, you must route an external signal or one of many internal signals from
another subsystem to be the DO Sample Clock. For example, you can correlate digital and
analog samplesin time by sharing your Al Sample Clock or AO Sample Clock as the source of
your DO Sample Clock. To generate digital dataindependent of an Al, AO, or DI operation, you
can configure a counter to generate the desired DO Sample Clock or use an external signa as
the source of the clock.

If the DAQ device receives a DO Sample Clock when the FIFO is empty, the DAQ device
reports an underflow error to the host software.
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Using an Internal Source

To use DO Sample Clock with an internal source, specify the signal source and the polarity of
the signal. The source can be any of the following signals:

e Al Sample Clock (ai/SampleClock)
e Al Convert Clock (ai/ConvertClock)
¢ AO Sample Clock (ao/SampleClock)
¢ Counter n Internal Output

*  Freguency Output

¢ DI Change Detection Output

Several other internal signals can be routed to DO Sample Clock through RTSI. Refer to Device
Routing in MAX in the NI-DAQmx Help or the LabVIEW Help for more information.

Using an External Source
Y ou can route any of the following signals as DO Sample Clock:

«  PFl <0.15>
« RTSI<0.7>
«  PXI_STAR

*  Analog Comparison Event (an analog trigger)
You can generate samples on therising or falling edge of DO Sample Clock.

You must ensure that the time between two active edges of DO Sample Clock is not too short. If
the timeistoo short, the DO waveform generation FIFO is not able to read the next sample fast
enough. The DAQ device reports an overrun error to the host software.

Routing DO Sample Clock to an Output Terminal

Y ou can route DO Sample Clock out to any PFI terminal. The PFI circuitry inverts the polarity
of DO Sample Clock before driving the PFI terminal .

I/0O Protection

Each DIO and PFI signal is protected against overvoltage, undervoltage, and overcurrent
conditions aswell as ESD events. However, you should avoid these fault conditions by
following these guidelines:

e If you configure a PFl or DIO line as an output, do not connect it to any external signal
source, ground, or power supply.

e If you configureaPFl or DIO line as an output, understand the current requirements of the
load connected to these signals. Do not exceed the specified current output limits of the
DAQ device. NI has several signal conditioning solutionsfor digital applications requiring
high current drive.
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e If you configure a PFl or DIO line as an input, do not drive the line with voltages outside
of itsnormal operating range. The PFI or DIO lines have asmaller operating range than the
Al signals.

e Treat the DAQ device as you would treat any static sensitive device. Always properly
ground yourself and the equipment when handling the DAQ device or connecting to it.

Programmable Power-Up States

At system startup and reset, the hardware sets al PFl and DIO lines to high-impedance inputs
by default. The DAQ device does not drive the signal high or low. Each line has aweak
pull-down resistor connected to it, as described in the specifications document for your device.

NI-DAQmMX supports programmable power-up states for PFI and DIO lines. Software can
program any value at power up to the PO, P1, or P2 lines. The PFl and DIO lines can be set as:

¢ A high-impedance input with aweak pull-down resistor (default)
e Anoutput driving a0
e Anoutput drivingal

Refer to the NI-DAQmx Help or the LabVIEW Help for moreinformation about setting power-up
statesin NI-DAQmx or MAX.

Note When using your M Seriesdeviceto control an SCXI chassis, DIOlinesO, 1,
2, and 4 are used as communication lines and must be left to power-up in the default
high-impedance state to avoid potential damage to these signals.

6-6 | ni.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



M Series User Manual

DI Change Detection

Y ou can configure the DAQ device to detect changesin the DIO signals. Figure 6-3 shows a
block diagram of the DIO change detection circuitry.

Figure 6-3. DI Change Detection

P0.0 —| synch |— Enade
Enable J
. . Change Detection Event
Enable J
P0.31 —— Synch |—

Enable J

@ Note DI change detection is supported in NI-DAQmx 8.0 and later.

You can enable the DIO change detection circuitry to detect rising edges, falling edges, or either
edgeindividually on each DIO line. The DAQ devices synchronize each DI signal to
80MHZzTimebase, and then sendsthe signal to the change detectors. Thecircuitry ORsthe output
of al enabled change detectors from every DI signal. The result of this OR is the Change
Detection Event signal.

The Change Detection Event signal can do the following:

¢ Driveany RTSI <0..7>, PFI <0..15>, or PXI_STAR signal
*  Drivethe DO Sample Clock or DI Sample Clock

¢ Generate an interrupt

The Change Detection Event signal also can be used to detect changes on digital output events.
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DI Change Detection Applications

The DIO change detection circuitry can interrupt a user program when one of several DIO
signals changes state.

You also can use the output of the DIO change detection circuitry to trigger a DI or counter
acquisition onthelogical OR of several digital signals. Totrigger onasingledigital signal, refer
tothe Triggering with a Digital Source section of Chapter 11, Triggering. By routing the Change
Detection Event signal to a counter, you also can capture the relative time between samples.

You also can use the Change Detection Event signal to trigger DO or counter generations.

Connecting Digital I/0O Signals

The DIO signals, P0.<0..31>, P1.<0..7>, and P2.<0..7> are referenced to D GND. You can
individually program each line asan input or output. Figure 6-4 shows P1.<0..3> configured for
digita input and P1.<4..7> configured for digital output. Digital input applications include
receiving TTL signals and sensing external device states, such as the state of the switch shown
in the figure. Digital output applicationsinclude sending TTL signals and driving external
devices, such asthe LED shown in the figure.

Figure 6-4. Digital I/O Connections

+5V
LeD W7 LY l
o |<
ole
P1.<4..7>
ole
o le
TTL Signal | °© >
o > P1.<0..3>
+5V —A\A z >

Switch \?

/’ Diio

1/0 Connector T

M Series Device

A Caution Exceeding the maximum input voltage ratings, which are listed in the
specifications document for each M Series device, can damage the DAQ device and
the computer. NI isnot liable for any damage resulting from such signal connections.
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Getting Started with DIO Applications in
Software

You can use the M Series device in the following digital 1/0 applications:
e Saticdigital input

e Static digital output

¢ Digital waveform generation

« Digital waveform acquisition

¢ DI change detection

Note For more information about programming digital 1/O applications and
triggers in software, refer to the NI-DAQmx Help or the LabVIEW Help.
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Counters

M Series devices have two general -purpose 32-bit counter/timers and one frequency generator,
asshown in Figure 7-1. The general-purpose counter/timers can be used for many measurement

and pulse generation applications.

Figure 7-1. M Series Counter0 and Frequency Generator

Input Selection Muxes Counter 0
D Counter 0 Source (Counter 0 Timebase)
N
1% Counter 0 Gate
Counter 0 Internal Output
D Counter 0 Aux
D Counter 0 HW Arm
'l) Counter 0 A
N Counter 0 TC
1% Counter 0 B (Counter 0 Up_Down)
D Counter 0 Z
N
1% Counter 0 Sample Clock
Input Selection Muxes Frequency Generator
D Frequency Output Timebase Freq Out

The counters have seven input signals, although in most applications only afew inputs are used.

For information about connecting counter signals, refer to the Default Counter/Timer Pinouts

section.

Counter Input Applications

Thefollowing sections list the various counter input applications available on M Series devices:

e Counting Edges
e Pulse-Width Measurement
e Period Measurement

. Semi-Period Measurement

Artisan Technology Group - Quality Instrumentation
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Chapter 7 Counters

e Frequency Measurement
e Position Measurement

e Two-Signal Edge-Separation Measurement

Counting Edges

In edge counting applications, the counter counts edges on its Source after the counter isarmed.
Y ou can configure the counter to count rising or falling edges on its Source input. Y ou also can
control the direction of counting (up or down) as described in the Controlling the Direction of
Counting section.

Us the following edge counting options to read the counter values on your M Series device:
e Single Point (On-Demand) Edge Counting
e Buffered (Sample Clock) Edge Counting

Single Point (On-Demand) Edge Counting

With single point (on-demand) edge counting, the counter counts the number of edges on the
Sourceinput after the counter is armed. On-demand refersto the fact that software can read the
counter contents at any time without disturbing the counting process. Figure 7-2 shows an
example of single point edge counting.

Figure 7-2. Single Point (On-Demand) Edge Counting

Counter Armed

F1§141 FLAL

1 2 3 4 5

SOURCE

Counter Value 0

You also can use a pause trigger to pause (or gate) the counter. When the pause trigger is active,
the counter ignores edges on its Source input. When the pause trigger is inactive, the counter
counts edges normally.

You can route the pause trigger to the Gate input of the counter. You can configure the counter
to pause counting when the pause trigger ishigh or wheniit islow. Figure 7-3 shows an example
of on-demand edge counting with a pause trigger.

Figure 7-3. Single Point (On-Demand) Edge Counting with Pause Trigger

Counter Armed

Pause Trigger

1
1
1
(Pause When Low) m
1
1
1
1

SOURCE f f f f f

|
Counter Value 0 E 0 1 2 3 4 5
|
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Buffered (Sample Clock) Edge Counting

With buffered edge counting (edge counting using a sample clock), the counter counts the
number of edges on the Source input after the counter is armed. The value of the counter is
sampled on each active edge of asample clock. A DMA controller transfers the sampled values
to host memory.

The count values returned are the cumulative counts since the counter armed event. That is, the
sample clock does not reset the counter.

You can route the counter sample clock to the Gate input of the counter. You can configure the
counter to sample on the rising or falling edge of the sample clock.

Figure 7-4 shows an example of buffered edge counting. Notice that counting begins when the
counter is armed, which occurs before the first active edge on Gate.

Figure 7-4. Buffered (Sample Clock) Edge Counting

Counter Armed

Sample Clock E
(Sample on Rising Edge) ! ! !
SOURCE IEIEIEIHIEIE N
Counter Value 0 1 2 3:4 5 617

Buffer H '

Controlling the Direction of Counting

In edge counting applications, the counter can count up or down. Y ou can configure the counter
to do the following:

e Alwayscount up
¢ Alwayscount down
¢ Count up when the Counter » B input is high; count down when it islow

For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Pulse-Width Measurement

In pul se-width measurements, the counter measures the width of apulseonits Gateinput signal.
Y ou can configure the counter to measure the width of high pulses or low pulses on the Gate
signal.

You can route an internal or external periodic clock signal (with aknown period) to the Source
input of the counter. The counter counts the number of rising (or falling) edges on the Source
signal while the pulse on the Gate signal is active.
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You can cal culate the pulse width by multiplying the period of the Source signal by the number
of edges returned by the counter.

A pulse-width measurement will be accurate even if the counter is armed while apulsetrainis
in progress. If acounter isarmed while the pulseisin the active state, it will wait for the next
transition to the active state to begin the measurement.

Refer to the following sections for more information about M Series pul se-width measurement
options:

e Single Pulse-Width Measurement

e Buffered Pulse-Width Measurement

Single Pulse-Width Measurement

With single pulse-width measurement, the counter counts the number of edges on the Source
input while the Gate input remains active. When the Gate input goesinactive, the counter stores
the count in a hardware save register and ignores other edges on the Gate and Source inputs.
Software then reads the stored count.

Figure 7-5 shows an example of a single pulse-width measurement.
Figure 7-5. Single Pulse-Width Measurement

GATE l
SOURCE A4

Counter Value 0 E 1 2

2

HW Save Register

Buffered Pulse-Width Measurement

Buffered pul se-width measurement is similar to single pulse-width measurement, but buffered
pulse-width measurement takes measurements over multiple pul ses.

The counter counts the number of edges on the Source input whilethe Gate input remains active.
On each trailing edge of the Gate signal, the counter storesthe count in a hardware save register.
A DMA controller transfers the stored values to host memory.
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Figure 7-6 shows an example of a buffered pul se-width measurement.
Figure 7-6. Buffered Pulse-Width Measurement

GATE

SOURCE

Counter Value

Buffer

Notethat if you are using an external signal asthe Source, at |east one Source pul se should occur
between each active edge of the Gate signal. This condition ensures that correct values are
returned by the counter. If this condition is not met, consider using duplicate count prevention,
described in the Duplicate Count Prevention section.

For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Period Measurement

In period measurements, the counter measures aperiod on its Gate input signal after the counter
isarmed. Y ou can configure the counter to measure the period between two rising edges or
two falling edges of the Gate input signal.

You can route an internal or external periodic clock signal (with a known period) to the Source
input of the counter. The counter counts the number of rising (or falling) edges occurring on the
Source input between the two active edges of the Gate signal.

You can calculate the period of the Gate input by multiplying the period of the Source signal by
the number of edges returned by the counter.

Refer to the following sections for more information about M Series period measurement
options:

e Single Period Measurement
*  Buffered Period Measurement

Single Period Measurement

With single period measurement, the counter counts the number of rising (or falling) edges on
the Source input occurring between two active edges of the Gate input. On the second active
edge of the Gate input, the counter stores the count in ahardware save register and ignores other
edges on the Gate and Source inputs. Software then reads the stored count.
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Figure 7-7 shows an example of a single period measurement.
Figure 7-7. Single Period Measurement

GATE4,—|
SOURCE JEJEIEIR)

1 2 3 4 5

Counter Value 0

5

HW Save Register

Buffered Period Measurement

Buffered period measurement is similar to single period measurement, but buffered period
measurement measures multiple periods.

The counter countsthe number of rising (or falling) edges on the Source input between each pair
of active edgeson the Gateinput. At the end of each period on the Gate signal, the counter stores
the count in a hardware save register. A DMA controller transfers the stored values to host
memory.

The counter begins when it is armed. The arm usually occurs in the middle of a period of the
Gateinput. So thefirst value stored in the hardware save register does not reflect afull period of
the Gate input. In most applications, this first point should be discarded.

Figure 7-8 shows an example of abuffered period measurement.
Figure 7-8. Buffered Period Measurement

Counter Armed

S R 1]

SOURCE 5 f 5 5 5 5 5 5 5

Counter Value E 1 2 3 2 3 1

IR s
212 (Discard) 2| (Discard) 3 (Discard)
Buffer
L] L]

Notethat if you are using an external signal asthe Source, at | east one Source pul se should occur
between each active edge of the Gate signal. This condition ensures that correct values are
returned by the counter. If this condition is not met, consider using duplicate count prevention,
described in the Duplicate Count Prevention section.

=

3

CTT I
[ Teol]
W)
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For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Semi-Period Measurement

In semi-period measurements, the counter measures a semi-period on its Gate input signal after
the counter isarmed. A semi-period is the time between any two consecutive edges on the Gate
input.

You can route an internal or external periodic clock signal (with a known period) to the Source
input of the counter. The counter counts the number of rising (or falling) edges occurring on the
Source input between two edges of the Gate signal.

You can calculate the semi-period of the Gate input by multiplying the period of the Source
signal by the number of edges returned by the counter.

Refer to the following sections for more information about M Series semi-period measurement
options:
e Single Semi-Period Measurement

*  Buffered Semi-Period Measurement

Single Semi-Period Measurement
Single semi-period measurement is equivalent to single pul se-width measurement.

Buffered Semi-Period Measurement
In buffered semi-period measurement, on each edge of the Gate signal, the counter stores the
count in ahardware save register. A DMA controller transfers the stored values to host memory.

The counter begins counting when it is armed. The arm usually occurs between edges on the
Gate input. So thefirst value stored in the hardware save register does not reflect afull
semi-period of the Gate input. In most applications, thisfirst point should be discarded.
Figure 7-9 shows an example of a buffered semi-period measurement.

Figure 7-9. Buffered Semi-Period Measurement

Counter Armed

GATE | l

SOURCE |: f f. f f f f f f f

T 22 1 2 3 1.1 2 1
1

: 2 3 2
Buffer | H 3
| N B 1

L] L]

Counter Value 0
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Notethat if you are using an external signal asthe Source, at | east one Source pul se should occur
between each active edge of the Gate signal. This condition ensures that correct values are
returned by the counter. If this condition is not met, consider using duplicate count prevention,
described in the Duplicate Count Prevention Section.

For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Frequency Measurement

Y ou can use the counters to measure frequency in several different ways. Y ou can choose one
of the following methods depending on your application:

e Low Frequency with One Counter
e Low Frequency with One Counter (Averaged)
e High Frequency with Two Counters

e Large Range of Frequencies with Two Counters

Refer to the Choosing a Method for Measuring Frequency section for adetailed comparison of
these frequency measurement methods.

Low Frequency with One Counter

In this method, you measure one period of your signal using aknown timebase. This method is
good for low frequency signals.

You can route the signal to measure (F1) to the Gate of a counter. You can route aknown
timebase (Ft) to the Source of the counter. The known timebase can be 80MHzTimebase. For
signals that might be slower than 0.02 Hz, use a slower known timebase.

You can configure the counter to measure one period of the gate signal. The frequency of F1is
theinverse of the period. Figure 7-10 illustrates this method.

Figure 7-10. Low Frequency with One Counter

«— |Interval Measured ———»}

Y0 I I

F1— Gate
1 2 3 N
Ft — Source Ft f f
Single Period Period of F1 = N
Measurement Ft

Frequency of F1 = %
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Low Frequency with One Counter (Averaged)

Inthismethod, you measure several periods of your signal using aknown timebase. This method
isgood for low to medium frequency signals.

You can route the signal to measure (F1) to the Gate of a counter. You can route aknown
timebase (Ft) to the Source of the counter. The known timebase can be 80MHzTimebase. For
signals that might be slower than 0.02 Hz, use a slower known timebase.

You can configure the counter to make N + 1 buffered period measurements. Recall that thefirst
period measurement in the buffer should be discarded.

Average the remaining K period measurements to determine the average period of F1. The
frequency of F1 istheinverse of the average period. Figure 7-11 illustrates this method.

Figure 7-11. Low Frequency with One Counter (Averaged)

Intervals Measured

voTeo T T
P —— >
L — o pEninEnl
F1
Ft —| Source 12..Nq1.....N, ... 1.....Ng
re _JUULUULLATIUITTIT,
Buffered Period
Measurement Nj + No + ...Ng 1
Average Period of F1 = —————— X ——
K Ft
K x Ft
Frequency of F1 = ——
Nq + Ny + ...Ng

High Frequency with Two Counters

In this method, you measure one pulse of a known width using your signal and derive the
frequency of your signal from the result. This method is good for high frequency signals.

In this method, you route a pulse of known duration (T) to the Gate of a counter. You can
generate the pul se using asecond counter. You al so can generate the pul se externally and connect
ittoaPFl or RTS| terminal. You only need to use one counter if you generate the pulse
externally.

Route the signal to measure (F1) to the Source of the counter. Configure the counter for asingle
pulse-width measurement. If you measure the width of pulse T to be N periods of F1, the
frequency of F1is N/T.

© National Instruments | 7-9

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7 Counters

Figure 7-12 illustrates this method. Another option is to measure the width of a known period
instead of a known pulse.

Figure 7-12. High Frequency with Two Counters

“«——— Width of Pulse (T) ————»

Pulse JI I_

Pulse —{ Gate
1 2 N
F1 — Source F1 f f
Pulse-Width Widthof _ _N
Measurement Pulse F1

Frequency of F1 = %

Large Range of Frequencies with Two Counters

By using two counters, you can accurately measureasignal that might be high or low frequency.
Thistechniqueis called reciprocal frequency measurement. In this method, you generate along
pulse using the signal to measure. Y ou then measure the long pulse with aknown timebase. The
M Series device can measure this long pulse more accurately than the faster input signal.

You can route the signal to measure to the Source input of Counter 0, as shown in Figure 7-13.
Assumethis signal to measure has frequency F1. Configure Counter 0to generate asingle pulse
that is the width of N periods of the source input signal.

Figure 7-13. Large Range of Frequencies with Two Counters

Signalto __l souRCE ouT
Measure (F1)
COUNTER O
SignalofKnown ___ & JIsoyrce ouT
Frequency (F2)
COUNTER 1
GATE

01 2 3 ..N
CTR_0_SOURCE niigB

(Signal to Measure)

CTR_0_OUT
(CTR_1_GATE) < Interval
to Measure

CTR_1_SOURCE JUUUULUUUUUULUULN
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Then, route the Counter O Internal Output signal to the Gate input of Counter 1. You can route a
signal of known frequency (F2) to the Counter 1 Source input. F2 can be 80MHzTimebase. For
signals that might be slower than 0.02 Hz, use a slower known timebase. Configure Counter 1
to perform a single pulse-width measurement. Suppose the result is that the pulse width is
Jperiods of the F2 clock.

From Counter 0, thelength of the pulseis N/F1. From Counter 1, the length of the same pulseis
JF2. Therefore, the frequency of Flisgiven by F1=F2* (N/J).

Choosing a Method for Measuring Frequency

The best method to measure frequency depends on severa factors including the expected
frequency of the signal to measure, the desired accuracy, how many counters are available, and
how long the measurement can take. For all frequency measurement methods, assume the

following:

fx isthe frequency to be measured if no error

fk is the known source or gate frequency

Measurement time (7) isthe time it takes to measure a single sample

Divide down (N) isthe integer to divide down measured frequency, only used in

large range two counters

Hereis how these variables apply to each method, summarized in Table 7-1.

¢« One counter—With one counter measurements, a known timebase is used for the source
frequency (fk). The measurement time is the period of the frequency to be measured, or
Vfx.

¢ One counter averaged—Measuring N periods of F1 improves the accuracy of the
measurement.

¢ Two counters high frequency—With the two counter high frequency method, the second
counter provides a known measurement time. The gate frequency equals Umeasurement
time.

e Two counters large range—The two counter larger range measurement isthe same as a
one counter measurement, but now the user has an integer divide down of the signal. An
internal timebaseis still used for the source frequency (%), but the divide down means that
the measurement timeisthe period of thedivided down signal, or N/fx where N isthedivide
down.
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Table 7-1. Frequency Measurement Methods
One Counter Two Counters
High
Variable — Averaged Frequency Large Range
1k Known Known timebase 1 Known timebase
timebase gating period
T 1 N+1 _ iod N
7 I gating perio 7
Maximum
fx fx Jx
frequency Jex R e - fk fr X —e
—fx NXfk— NXfk—
error (Hz) Jr=1 X Je=fx o=t
Maximum
error (%) Sx Jx LS X
fk—fx N X fk—fx fx N X fk—fx
Note: Accuracy equations do not take clock stability into account. Refer to your device specificationsfor
clock stability.

Which Method Is Best?

This depends on the frequency to be measured, the rate at which you want to monitor the
frequency and the accuracy you desire. Take for example, measuring a50 kHz signal. Assuming
that the measurement times for all measurements are configured the same, Table 7-2
summarizes the results.

Table 7-2. 50 kHz Frequency Measurement Methods

One Counter Two Counters
High
Variable — Averaged Frequency Large Range

fx 50,000 50,000 50,000 50,000
fk 100 M 100 M 1,000 100 M

M easurement 0.02 1.02 1 1

time (mS)

N — 50 — 50
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Table 7-2. 50 kHz Frequency Measurement Methods (Continued)

One Counter Two Counters
High
Variable — Averaged Frequency Large Range
Maximum 25 0.5 1,000 0.5
frequency error
(H2)
Maximumerror 0.05 0.001 2 0.001
(%)

From these results, you can see that while the measurement time for one counter is shorter, the

accuracy is best in the sample clocked and two counter large range measurements. For another
example, Table 7-3 shows the resultsfor 5 MHz.

Table 7-3. 5 MHz Frequency Measurement Methods

One Counter Two Counters
High
Variable — Averaged Frequency Large Range
fx 5M 5M 5M 5M
fk 100 M 100 M 1,000 100 M
Measurement 0.0002 1.0002 1 1
time (mS)
N — 5,000 — 5,000
Maximum 263k 50 1,000 50
frequency error
(H2)
Maximumerror 5.26 0.001 0.02 0.001
(%)

« Using one counter for low frequency measurementsis a good method for many

applications. However, the accuracy of the measurement decreases as the frequency
increases.

e Measuring with one counter (averaged) measures high and low frequency signals
accurately. The advantage of thismethod isthat it requires only one counter. Disadvantages
include the possibility of FIFO overflow at high frequencies and high N for this method.
These measurements take more time and consume some of the available PCI or PXI
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bandwidth; if such bandwidth is not available due to other measurements taking place, this
method may fail to transfer all the required samplesto perform the measurement.

«  Using two counters for high frequency measurements is accurate for high frequency
signals. However, the accuracy decreases as the frequency of the signal to measure
decreases. At very low frequencies, thismethod may betoo inaccurate for your application.
Another disadvantage of this method isthat it requirestwo counters (if you cannot provide
an external signal of known width). An advantage of high frequency measurements with
two countersis that the measurement compl etes in a known amount of time.

*  Measuring alarge range of frequencieswith two counters measures high and low frequency
signals accurately. However, it requirestwo counters, and it has avariable sampletime and
variable error percent dependent on the input signal.

Table 7-4 summarizes some of the differences in methods of measuring frequency.

Table 7-4. Frequency Measurement Method Comparison

One Counter Two Counters

High
Comparison — Averaged Frequency Large Range

Number of 1 1 lor2 2
counters used

Number of 1 Many 1 1
measurements
returned

Mesasures high Poor Fair Good Good
frequency
signals

accurately

Measures low Good Good Poor Good
frequency
signals

accurately

For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Position Measurement

Y ou can use the counters to perform position measurements with quadrature encoders or
two-pulse encoders. Y ou can measure angular position with X1, X2, and X4 angular encoders.
Linear position can be measured with two-pulse encoders. Y ou can choose to do either asingle
point (on-demand) position measurement or a buffered (sample clock) position measurement.
Y ou must arm a counter to begin position measurements.
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Refer to the following sections for more information about the M Series position measurement
options:

e Measurements Using Quadrature Encoders

e Measurements Using Two Pulse Encoders

*  Buffered (Sample Clock) Position Measurement

Measurements Using Quadrature Encoders

The counters can perform measurements of quadrature encoders that use X1, X2, or X4
encoding. A quadrature encoder can have up to three channels—channels A, B, and Z.

* X1 Encoding—When channel A leads channel B in a quadrature cycle, the counter
increments. When channel B leads channel A in aquadrature cycle, the counter
decrements. The amount of increments and decrements per cycle depends on the type of
encoding—X1, X2, or X4.

Figure 7-14 shows a quadrature cycle and the resulting increments and decrements for
X1 encoding. When channel A leads channel B, the increment occurs on the rising edge of
channel A. When channel B leads channel A, the decrement occurs on the falling edge of
channel A.

Figure 7-14. X1 Encoding

¢ X2 Encoding—The same behavior holds for X2 encoding except the counter increments
or decrements on each edge of channel A, depending on which channel leads the other.
Each cycle results in two increments or decrements, as shown in Figure 7-15.

Figure 7-15. X2 Encoding

Counter value 5X6 X 7 X8 X9

¢ X4 Encoding—Similarly, the counter increments or decrements on each edge of
channels A and B for X4 encoding. Whether the counter increments or decrements depends
on which channel leads the other. Each cycle results in four increments or decrements, as
shown in Figure 7-16.

Figure 7-16. X4 Encoding

ChA |—| |—| cee

1 =

eee

ChB

t

T
R

(TXEX XN EXEXE  BXEX XXX X TXEE

Counter Value 5 X

© National Instruments | 7-15

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 7 Counters

Channel Z Behavior

Some quadrature encoders have athird channel, channel Z, whichisalso referred to astheindex
channel. A highlevel on channel Z causesthe counter to be reloaded with a specified valuein a
specified phase of the quadrature cycle. Y ou can program this reload to occur in any one of the
four phases in a quadrature cycle.

Channel Z behavior—when it goes high and how long it stays high—differs with quadrature
encoder designs. You must refer to the documentation for your quadrature encoder to obtain
timing of channel Z with respect to channels A and B. You must then ensure that channel Z is
high during at least a portion of the phase you specify for reload. For instance, in Figure 7-17,
channel Z is never high when channel A is high and channel B is low. Thus, the reload must
occur in some other phase.

In Figure 7-17, the reload phase is when both channel A and channel B are low. The reload
occurs when this phaseis true and channel Z is high. Incrementing and decrementing takes
priority over reloading. Thus, when the channel B goes low to enter the reload phase, the
increment occursfirst. The reload occurs within one maximum timebase period after the reload
phase becomestrue. After the reload occurs, the counter continuesto count as before. Thefigure
illustrates channel Z reload with X4 decoding.

Figure 7-17. Channel Z Reload with X4 Decoding

Measurements Using Two Pulse Encoders
The counter supports two pulse encoders that have two channels—channels A and B.
The counter increments on each rising edge of channel A. The counter decrementson eachrising
edge of channel B, as shown in Figure 7-18.
Figure 7-18. Measurements Using Two Pulse Encoders
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For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.
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Buffered (Sample Clock) Position Measurement

With buffered position measurement (position measurement using a sample clock), the counter
increments based on the encoding used after the counter is armed. The value of the counter is
sampled on each active edge of asample clock. A DMA controller transfers the sampled values
to host memory. The count values returned are the cumulative counts since the counter armed
event; that is, the sample clock does not reset the counter. Y ou can route the counter sample
clock to the Gate input of the counter. Y ou can configure the counter to sample on therising or
falling edge of the sample clock.

Figure 7-19 shows an example of a buffered X1 position measurement.

Figure 7-19. Buffered Position Measurement
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Two-Signal Edge-Separation Measurement

Two-signal edge-separation measurement is similar to pulse-width measurement, except that
there are two measurement signals—Aux and Gate. An active edge on the Aux input startsthe
counting and an active edge on the Gate input stops the counting. Y ou must arm a counter to
begin atwo edge separation measurement.

After the counter has been armed and an active edge occurs on the Aux input, the counter counts
the number of rising (or falling) edges on the Source. The counter ignores additional edges on
the Aux input.

The counter stops counting upon receiving an active edge on the Gate input. The counter stores
the count in a hardware save register.

You can configure the rising or falling edge of the Aux input to be the active edge. You can
configure the rising or falling edge of the Gate input to be the active edge.

Use thistype of measurement to count events or measure the time that occurs between edges on
two signals. This type of measurement is sometimes referred to as start/stop trigger
measurement, second gate measurement, or A-to-B measurement.
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Refer to the following sections for more information about the M Series edge-separation
measurement options:

e Single Two-Signal Edge-Separation Measurement
e Buffered Two-Signal Edge-Separation Measurement

Single Two-Signal Edge-Separation Measurement

With single two-signal edge-separation measurement, the counter counts the number of rising
(or falling) edges on the Source input occurring between an active edge of the Gate signal and
an active edge of the Aux signal. The counter then stores the count in a hardware save register
and ignores other edges on its inputs. Software then reads the stored count.

Figure 7-20 shows an example of asingle two-signal edge-separation measurement.
Figure 7-20. Single Two-Signal Edge-Separation Measurement
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Buffered Two-Signal Edge-Separation Measurement

Buffered and single two-signal edge-separation measurements are similar, but buffered
measurement measures multiple intervals.

The counter countsthe number of rising (or falling) edges on the Source input occurring between
an active edge of the Gate signal and an active edge of the Aux signal. The counter then stores
the count in a hardware save register. On the next active edge of the Gate signal, the counter
begins another measurement. A DMA controller transfers the stored values to host memory.

Figure 7-21 shows an example of a buffered two-signal edge-separation measurement.

Figure 7-21. Buffered Two-Signal Edge-Separation Measurement
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For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Counter Output Applications

Thefollowing sectionslist the various counter output applications available on M seriesdevices:
e Simple Pulse Generation

e Pulse Train Generation

e Frequency Generation

e Frequency Division

*  Pulse Generation for ETS

Simple Pulse Generation

Refer to the following sectionsfor more information about the M Series simple pulse generation
options:

e Single Pulse Generation
e Single Pulse Generation with Start Trigger
*  Retriggerable Single Pulse Generation

Single Pulse Generation

The counter can output asingle pulse. The pul se appears on the Counter » Internal Output signal
of the counter.

You can specify adelay from when the counter isarmed to the beginning of the pulse. The delay
ismeasured in terms of a number of active edges of the Source input.

You can specify a pulse width. The pulse width is a so measured in terms of a number of active
edges of the Source input. You also can specify the active edge of the Source input (rising or
falling).

Figure 7-22 shows a generation of a pulse with a pulse delay of four and a pulse width of three
(using the rising edge of Source).

Figure 7-22. Single Pulse Generation
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Single Pulse Generation with Start Trigger
The counter can output asingle pulsein responseto one pulse on ahardware Start Trigger signal.
The pulse appears on the Counter » Internal Output signal of the counter.

You can route the Start Trigger signal to the Gate input of the counter. You can specify adelay
from the Start Trigger to the beginning of the pulse. You also can specify the pulse width. The
delay and pulse width are measured in terms of a number of active edges of the Source input.

After the Start Trigger signal pulses once, the counter ignores the Gate input.

Figure 7-23 shows a generation of a pulse with a pulse delay of four and a pulse width of three
(using the rising edge of Source).

Figure 7-23. Single Pulse Generation with Start Trigger
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Retriggerable Single Pulse Generation

The counter can output a single pulse in response to each pulse on a hardware Start Trigger
signal. The pulses appear on the Counter » Internal Output signal of the counter.

You can route the Start Trigger signal to the Gate input of the counter. You can specify adelay
from the Start Trigger to the beginning of each pulse. You also can specify the pulse width. The
delay and pulse width are measured in terms of a number of active edges of the Source input.

The counter ignores the Gate input while a pulse generation isin progress. After the pulse
generation is finished, the counter waits for another Start Trigger signal to begin another pulse
generation.

Figure 7-24 shows a generation of two pulses with a pulse delay of five and a pulse width of
three (using the rising edge of Source).

Figure 7-24. Retriggerable Single Pulse Generation
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For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.
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Pulse Train Generation

Refer to the following sections for more information about the M Series pulse train generation
options:
. Continuous Pulse Train Generation

. Finite Pulse Train Generation

Continuous Pulse Train Generation
This function generates atrain of pulses with programmable frequency and duty cycle. The
pulses appear on the Counter » Internal Output signal of the counter.

You can specify adelay from when the counter is armed to the beginning of the pulsetrain. The
delay is measured in terms of a number of active edges of the Source input.

You specify the high and low pulse widths of the output signal. The pulse widths are also
measured in terms of a number of active edges of the Source input. You also can specify the
active edge of the Source input (rising or falling).

The counter can begin the pulse train generation as soon as the counter is armed, or in response
to ahardware Start Trigger. You can route the Start Trigger to the Gate input of the counter.

You also can use the Gate input of the counter as a Pause Trigger (if it is not used as a Start
Trigger). The counter pauses pul se generation when the Pause Trigger is active.

Figure 7-25 shows a continuous pulse train generation (using the rising edge of Source).
Figure 7-25. Continuous Pulse Train Generation
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Counter Armed

Continuous pulse train generation is sometimes called frequency division. If the high and low
pulse widths of the output signal are M and N periods, then the frequency of the Counter n
Internal Output signal is equal to the frequency of the Source input divided by M + N.

For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.
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Finite Pulse Train Generation

This function generates atrain of pulses of predetermined duration. This counter operation
requires both counters. Thefirst counter (for this example, Counter 0) generates a pulse of
desired width. The second counter, Counter 1, generates the pulse train, which is gated by the
pulse of the first counter. The routing is done internally. Figure 7-26 shows an example finite
pulse train timing diagram.

Figure 7-26. Finite Pulse Train Timing Diagram
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Frequency Generation

Y ou can generate a frequency by using a counter in pulse train generation mode or by using the
frequency generator circuit, as described in the Using the Frequency Generator section.

Using the Frequency Generator

The frequency generator can output asquare wave at many different frequencies. Thefrequency
generator is independent of the two general-purpose 32-bit counter/timer modules on M Series
devices.

Figure 7-27 shows a block diagram of the frequency generator.

Figure 7-27. Frequency Generator Block Diagram
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The frequency generator generates the Frequency Output signal. The Frequency Output signal
isthe Frequency Output Timebase divided by a number you select from 1 to 16. The Frequency
Output Timebase can be either the 20 MHz Timebase divided by 2 or the 100 kHz Timebase.

The duty cycle of Frequency Output is 50% if the divider is either 1 or an even number. For an
odd divider, suppose the divider is set to D. In this case, Frequency Output islow for (D + 1)/2
cyclesand high for (D - 1)/2 cycles of the Frequency Output Timebase.
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Figure 7-28 shows the output waveform of the frequency generator when the divider is set to 5.

Figure 7-28. Frequency Generator Output Waveform
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Frequency Output can be routed out to any PFIl <0..15> or RTS| <0..7> terminal. All PFI
terminals are set to high-impedance at startup. The FREQ OUT signal also can be routed to
DO Sample Clock and DI Sample Clock.

In software, program the frequency generator as you would program one of the counters for
pulse train generation.

For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Frequency Division
The counters can generate asignal with afregquency that is afraction of an input signal. This

function is equivalent to continuous pulse train generation. Refer to the Continuous Pulse Train
Generation section for detailed information.

For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Pulse Generation for ETS

In the equivaent time sampling (ETS) application, the counter produces a pulse on the output a
specified delay after an active edge on Gate. After each active edge on Gate, the counter
cumulatively increments the delay between the Gate and the pulse on the output by a specified
amount. Thus, the delay between the Gate and the pulse produced successively increases.

The increase in the delay value can be between 0 and 255. For instance, if you specify the
increment to be 10, the delay between the active Gate edge and the pul se on the output increases
by 10 every time anew pulse is generated.

Suppose you program your counter to generate pulseswith adelay of 100 and pulse width of 200
each time it receives a trigger. Furthermore, suppose you specify the delay increment to be 10.
On thefirst trigger, your pulse delay will be 100, on the second it will be 110, on the third it will
be 120; the process will repeat in this manner until the counter is disarmed. The counter ignores
any Gate edgethat isreceived whilethe pulse triggered by the previous Gate edgeisin progress.
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The waveform thus produced at the counter’s output can be used to provide timing for
undersampling applications where a digitizing system can sampl e repetitive waveforms that are
higher in frequency than the Nyquist frequency of the system. Figure 7-29 shows an exampl e of
pulse generation for ETS; the delay from the trigger to the pul se increases after each subsequent
Gate active edge.

Figure 7-29. Pulse Generation for ETS
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For information about connecting counter signals, refer to the Default Counter/Timer Pinouts
section.

Counter Timing Signals

M Series devices feature the following counter timing signals:

e Counter n Source Signal

e Counter n Gate Signal

e Counter n Aux Signal

e Counter n A Signal

e Counter n B Signal

e Counter n Z Signal

e Counter n Up_Down Signal
e Counter n HW Arm Signal
e Counter n Internal Output Signal
e Counter n TC Signal

e Frequency Output Signal

In this section, » refersto either Counter O or 1. For example, Counter n Source refersto
two signals—Counter 0 Source (the sourceinput to Counter 0) and Counter 1 Source (the source
input to Counter 1).

Counter n Source Signal

The selected edge of the Counter » Source signal increments and decrements the counter value
depending on the application the counter is performing. Table 7-5 lists how thisterminal isused
in various applications.
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Table 7-5. Counter Applications and Counter n Source

Application Purpose of Source Terminal
Pulse Generation Counter Timebase
One Counter Time Measurements Counter Timebase
Two Counter Time Measurements Input Terminal
Non-Buffered Edge Counting Input Terminal
Buffered Edge Counting Input Terminal
Two-Edge Separation Counter Timebase

Routing a Signal to Counter n Source

Each counter has independent input selectors for the Counter n Source signal. Any of the
following signals can be routed to the Counter » Source input:

e 80 MHz Timebase
e 20 MHz Timebase
e 100 kHz Timebase
e RTSI<0.7>

«  PFl<0.15>
«  PXI_CLK10
«  PXI_STAR

¢ Analog Comparison Event

In addition, Counter 1 TC or Counter 1 Gate can be routed to Counter 0 Source. Counter 0 TC
or Counter 0 Gate can be routed to Counter 1 Source.

Some of these options may not be available in some driver software.

Routing Counter n Source to an Output Terminal

Y ou can route Counter » Source out to any PFI <0..15> or RTSI <0..7> terminal. All PFlsare
set to high-impedance at startup.

Counter n Gate Signal

The Counter n Gate signal can perform many different operations depending on the application
including starting and stopping the counter, and saving the counter contents.
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Routing a Signal to Counter n Gate

Each counter hasindependent input selectorsfor the Counter » Gatesignal. Any of thefollowing
signals can be routed to the Counter n Gate input:

e RTSI<0.7>

e PFI <0..15>

« Al Reference Trigger (ai/ReferenceTrigger)
e Al Start Trigger (ai/StartTrigger)

e Al Sample Clock (ai/SampleClock)

¢ Al Convert Clock (ai/ConvertClock)
¢ AO Sample Clock (ao/SampleClock)
¢ DI Sample Clock (di/SampleClock)
¢ DO Sample Clock (do/SampleClock)
« PXI_STAR

¢ Change Detection Event

e Analog Comparison Event

In addition, Counter 1 Internal Output or Counter 1 Source can be routed to Counter 0 Gate.
Counter 0 Internal Output or Counter O Source can be routed to Counter 1 Gate.

Some of these options may not be available in some driver software.

Routing Counter n Gate to an Output Terminal

Y ou can route Counter n Gate out to any PFI <0..15> or RTS| <0..7> terminal. All PFIs are set
to high-impedance at startup.

Counter n Aux Signal
The Counter n Aux signal indicates the first edge in atwo-signal edge-separation measurement.

Routing a Signal to Counter n Aux

Each counter hasindependent input selectorsfor the Counter » Aux signal. Any of thefollowing
signals can be routed to the Counter n Aux input:

. RTSI <0..7>

. PFI <0..15>

« Al Reference Trigger (ai/ReferenceTrigger)
e Al Start Trigger (ai/StartTrigger)

«  PXI_STAR

¢ Analog Comparison Event
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In addition, Counter 1 Internal Output, Counter 1 Gate, Counter 1 Source, or Counter 0 Gate can
be routed to Counter 0 Aux. Counter O Internal Output, Counter O Gate, Counter O Source, or
Counter 1 Gate can be routed to Counter 1 Aux.

Some of these options may not be available in some driver software.

Counter n A, Counter n B, and Counter n Z Signals

Counter n B can control the direction of counting in edge counting applications. Usethe A, B,
and Z inputs to each counter when measuring quadrature encoders or measuring two pulse
encoders.

Routing Signals to A, B, and Z Counter Inputs

Each counter has independent input selectors for each of the A, B, and Z inputs. Any of the
following signals can be routed to each input:

« RTSI <0.7>
«  PFl <0.15>
«  PXI_STAR

e Analog Comparison Event

Routing Counter n Z Signal to an Output Terminal
Y ou can route Counter n Z out to RTS| <0..7>.

Counter n Up_Down Signal

Counter n Up_Down is another name for the Counter » B signal.

Counter n HW Arm Signal

The Counter » HW Arm signal enables a counter to begin an input or output function.

To begin any counter input or output function, you must first enable, or arm, the counter. In some
applications, such as buffered semi-period measurement, the counter begins counting when itis
armed. In other applications, such as single pulse-width measurement, the counter begins
waiting for the Gate signal when it is armed. Counter output operations can use the arm signal
in addition to a start trigger.

Software can arm a counter or configure counters to be armed on a hardware signal. Software
callsthishardwaresignal the Arm Start Trigger. Internally, software routesthe Arm Start Trigger
to the Counter » HW Arm input of the counter.

Routing Signals to Counter n HW Arm Input

Any of the following signals can be routed to the Counter » HW Arm input:
. RTSI <0..7>

o PFl <0..15>
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e Al Reference Trigger (ai/ReferenceTrigger)
e Al Start Trigger (ai/StartTrigger)

e PXI_STAR

¢ Analog Comparison Event

Counter 1 Internal Output can be routed to Counter 0 HW Arm. Counter O Internal Output can
be routed to Counter 1 HW Arm.

Some of these options may not be available in some driver software.

Counter n Internal Output and Counter n TC Signals
The Counter » Internal Output signal changes in response to Counter n TC.

The two software-sel ectabl e output options are pulse output on TC and toggle output on TC. The
output polarity is software-selectable for both options.

With pulse or pulse train generation tasks, the counter drives the pulse(s) on the Counter n
Internal Output signal. The Counter » Internal Output signal can be internally routed to be a
counter/timer input or an “externa” source for Al, AO, DI, or DO timing signals.

Routing Counter n Internal Output to an Output Terminal

Y ou can route Counter » Internal Output to any PFI <0..15> or RTSI <0..7> terminal. All PFls
are set to high-impedance at startup.

Frequency Output Signal
The Frequency Output (FREQ OUT) signd is the output of the frequency output generator.

Routing Frequency Output to a Terminal

Y ou can route Frequency Output to any PFI <0..15> terminal. All PFIs are set to
high-impedance at startup. The FREQ OUT signal also can be routed to DO Sample Clock and
DI Sample Clock.

Default Counter/Timer Pinouts

By default, NI-DAQmx routes the counter/timer inputs and outputs to the PFI pins, shown in
Table 7-6. To find the default NI-DAQmXx counter/timer pins for the PCI-6221 (37-pin),
USB-62xx Screw Terminal, and USB-62xx BNC devices, refer to Appendix A,
Module/Device-Specific Information.
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Table 7-6. 68-Pin Device Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTROGATE 3(PF1 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF1 9)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR 1 GATE 41 (PFI 4)
CTR 1 AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

You can use these defaults or select other sources and destinations for the counter/timer signals
in NI-DAQmX. Refer to Connecting Counter Signals in the NI-DAQmx Help or the

LabVIEW Help for more information about how to connect your signals for common counter
measurements and generations. M Series default PFI lines for counter functions are listed in
Physical Channels in the NI-DAQmx Help or the LabVIEW Help.

Counter Triggering

Counters support three different triggering actions:

e Arm Start Trigger—To begin any counter input or output function, you must first enable,
or arm, the counter. Software can arm a counter or configure counters to be armed on a
hardware signal. Software calls this hardware signa the Arm Start Trigger. Internally,
software routes the Arm Start Trigger to the Counter » HW Arm input of the counter.
ArmStart.DigEdge.Edge is not supported on M Series devices and modules.
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For counter output operations, you can use it in addition to the start and pause triggers.
For counter input operations, you can use the arm start trigger to have start trigger-like
behavior. The arm start trigger can be used for synchronizing multiple counter input and
output tasks.

When using an arm start trigger, the arm start trigger source isrouted to the Counter n HW
Armsignal.

e Start Trigger—For counter output operations, astart trigger can be configured to begin a
finite or continuous pulse generation. Once a continuous generation has triggered, the
pulses continue to generate until you stop the operation in software. For finite generations,
the specified number of pulsesis generated and the generation stops unless you use the
retriggerable attribute. When you use this attribute, subsequent start triggers cause the
generation to restart.

Counter input operations can use the arm start trigger to have start trigger-like behavior.

When using a start trigger, the start trigger source is routed to the Counter n Gate signal
input of the counter.

e Pause Trigger—You can use pause triggers in edge counting and continuous pulse
generation applications. For edge counting acquisitions, the counter stops counting edges
whilethe external trigger signal islow and resumeswhen the signal goeshigh or viceversa.
For continuous pul se generations, the counter stops generating pulses while the external
trigger signal islow and resumes when the signal goes high or vice versa.

When using a pause trigger, the pause trigger source is routed to the Counter » Gate signal
input of the counter.

Other Counter Features
The following sections list the other counter features available on M Series devices.

Cascading Counters

Y ou caninternally route the Counter » Internal Output and Counter n TC signals of each counter
to the Gate inputs of the other counter. By cascading two counters together, you can effectively
create a 64-hit counter. By cascading counters, you also can enable other applications. For
example, to improve the accuracy of frequency measurements, use reciprocal frequency
measurement, as described in the Large Range of Frequencies with Two Counters Section.

Counter Filters

Y ou can enable a programmable debouncing filter on each PFI, RTSI, or PXI_STAR signal.
When the filters are enabled, your device samplesthe input on each rising edge of afilter clock.
M Series devices use an onboard oscillator to generate the filter clock with a40 MHz frequency.

Note NI-DAQmMX only supportsfilters on counter inputs.
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Thefollowing isan example of low to high transitions of theinput signal. High to low transitions

work similarly.

Assume that an input terminal has been low for along time. The input terminal then changes
from low to high, but glitches several times. When thefilter clock has sampled the signal high
on N consecutive edges, the low to high transition is propagated to the rest of the circuit. The
value of N depends on the filter setting; refer to Table 7-7.

Table 7-7. Filters

N (Filter Clocks Pulse Width Pulse Width
Needed to Guaranteed to Guaranteed to
Filter Setting Pass Signal) Pass Filter Not Pass Filter
125 ns 5 125ns 100 ns
6.425 us 257 6.425 ps 6.400 ps
2.56 ms ~101,800 2.56 ms 2.54 ms
Disabled — — —

Thefilter setting for each input can be configured independently. On power up, the filters are
disabled. Figure 7-30 shows an example of alow to high transition on an input that hasitsfilter
setto 125 ns(N =5).

Figure 7-30. Filter Example
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PXI_STAR Terminal N B - Filtered input goes
high when terminal
1 1 2 3 4 1 2 3 4 5 is sampled high on
Filter Clock , P 19h o
40 MH five consecutive filter
( 2) ' clocks.
Filtered Input

Enabling filters introduces jitter on the input signal. For the 125 ns and 6.425 psfilter settings,
thejitter isup to 25 ns. On the 2.56 ms setting, the jitter is up to 10.025 ps.

When a PFl input is routed directly to RTSI, or aRTSI input is routed directly to PFI, the
M Series device does not use the filtered version of the input signal.

Refer to the KnowledgeBase document, Digital Filtering with M Series and CompactDAQ,
for moreinformation about digital filters and counters. To access this KnowledgeBase, go to
ni . cont i nf o and enter the Info Code r ddf ns.
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Prescaling

Prescaling allows the counter to count asignal that is faster than the maximum timebase of the
counter. M Series devices offer 8X and 2X prescaling on each counter (prescaling can be
disabled). Each prescaler consists of asmall, simple counter that counts to eight (or two) and
rollsover. This counter can run faster than thelarger counters, which simply count therollovers
of this smaller counter. Thus, the prescaler acts as a frequency divider on the Source and puts
out afrequency that is one-eighth (or one-half) of what it is accepting.

Figure 7-31. Prescaling
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Prescaling isintended to be used for frequency measurement where the measurement ismade on
acontinuous, repetitive signal. The prescaling counter cannot be read; therefore, you cannot
determine how many edges have occurred since the previousrollover. Prescaling can be used for
event counting provided it is acceptable to have an error of up to seven (or one). Prescaling can
be used when the counter Source is an external signal. Prescaling is not available if the counter
Source is one of the internal timebases (B0MHzTimebase, 20MHzTimebase, or
100kHZzTimebase).

Duplicate Count Prevention

Duplicate count prevention (or synchronous counting mode) ensures that a counter returns
correct data in applications that use a slow or non-periodic external source. Duplicate count
prevention applies only to buffered counter applications such as measuring frequency or period.
In such buffered applications, the counter should store the number of times an external Source
pul ses between rising edges on the Gate signal.
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Example Application That Works Correctly (No Duplicate
Counting)

Figure 7-32 shows an external buffered signal as the period measurement Source.

Figure 7-32. Duplicate Count Prevention Example

Rising Edge
of Gate
Counter detects rising
edge of Gate on the next
rising edge of Source.

Gate

Source

Counter Value

Buffer

On the first rising edge of the Gate, the current count of 7 is stored. On the next rising edge of
the Gate, the counter stores a2 since two Source pulses occurred after the previous rising edge
of Gate.

The counter synchronizes or samples the Gate signal with the Source signal, so the counter does
not detect arising edgein the Gate until the next Source pulse. In this example, the counter stores
the valuesin the buffer on the first rising Source edge after the rising edge of Gate. The details
of when exactly the counter synchronizesthe Gate signal vary depending on the synchronization
mode. Synchronization modes are described in the Synchronization Modes section.

Example Application That Works Incorrectly (Duplicate Counting)

In Figure 7-33, after thefirst rising edge of Gate, no Source pul ses occur, so the counter does not
write the correct data to the buffer.

Figure 7-33. Duplicate Count Example

No Source edge, so no
value written to buffer.

Gate

Source

o
>
~

Counter Value

Buffer
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Example Application That Prevents Duplicate Count

With duplicate count prevention enabled, the counter synchronizes both the Source and Gate
signalsto the 80 MHz Timebase. By synchronizing to the timebase, the counter detectsedgeson
the Gate even if the Source does not pulse. This enables the correct current count to be stored in
the buffer even if no Source edges occur between Gate signals, as shown in Figure 7-34.

Figure 7-34. Duplicate Count Prevention Example

Counter detects

rising Gate edge. Counter value
increments only

Gate one time for each
Source pulse.
Source
Uwvu@ﬁfwww@zmm

80 MHz Timebase

Counter Value 6 X? {

Buffer

Even if the Source pulses are long, the counter increments only once for each Source pulse.

Normally, the counter value and Counter » Internal Output signals change synchronously to the
Source signal. With duplicate count prevention, the counter value and Counter  Internal Output
signals change synchronoudly to the 80 MHz Timebase.

Note that duplicate count prevention should only be used if the frequency of the Source signal
is20 MHz or less.

When To Use Duplicate Count Prevention

Y ou should use duplicate count prevention if the following conditions are true:
e You are making a counter measurement.

e Youareusing an external signal (such as PFI x) as the counter Source.

e Thefrequency of the external sourceis20 MHz or less.

¢ You can have the counter value and output to change synchronously with the 80 MHz
Timebase.

In al other cases, you should not use duplicate count prevention.
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Enabling Duplicate Count Prevention in NI-DAQmXx

Y ou can enable duplicate count prevention in NI-DAQmx by setting the Enable Duplicate
Count Prevention attribute/property. For specific information about finding the Enable
Duplicate Count Prevention attribute/property, refer to the help file for the APl you are using.

Synchronization Modes

The 32-bit counter countsup or down synchronously with the Sourcesignal. The Gate signal and
other counter inputs are asynchronous to the Source signal. So M Series devices synchronize
these signals before presenting them to the internal counter.

M Series devices use one of three synchronization methods:
e 80 MHz Source Mode
e Other Internal Source Mode

e External Source Mode

In DAQmX, the device uses 80 MHz source mode if you perform the following:

e Perform aposition measurement

e Select duplicate count prevention

Otherwise, the mode depends on the signal that drives Counter » Source. Table 7-8 describesthe

conditions for each mode.

Table 7-8. Synchronization Mode Conditions

Duplicate Count Type of Signal Driving Synchronization
Prevention Enabled Measurement Counter n Source Mode
Yes Any Any 80 MHz Source
No Position Any 80 MHz Source
M easurement
No Any 80 MHz Timebase 80 MHz Source
No All Except Position 20 MHz Timebase, Other Internal
Measurement 100 kHz Timebase, Source
or PX1_CLK10
No All Except Position | Any Other Signal External Source
M easurement (such as PFI or
RTSI)
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80 MHz Source Mode

In 80 MHz source mode, the device synchronizes signals on the rising edge of the source, and
counts on the following rising edge of the source, as shown in Figure 7-35.

Figure 7-35. 80 MHz Source Mode

f f

Synchronize Count

Source

Other Internal Source Mode

In other internal source mode, the device synchronizes signals on the falling edge of the source,
and counts on the following rising edge of the source, as shown in Figure 7-36.

Figure 7-36. Other Internal Source Mode

%

Synchronize Count

Source

External Source Mode

In external source mode, the device generates a delayed Source signal by delaying the Source
signal by several nanoseconds. The device synchronizes signal son therising edge of the delayed
Source signal, and counts on the following rising edge of the source, as shown in Figure 7-37.

Figure 7-37. External Source Mode

Source

Count

Delayed Source

Synchronize
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PFI

M Series devices have up to 16 Programmable Function Interface (PFI) signals. In addition,
M Series devices have up to 32 lines of bidirectional DIO signals.

Each PFI can be individualy configured as the following:

e A dtatic digita input

* A dstatic digita output

e« Atiminginput signa for Al, AO, DI, DO, or counter/timer functions

e Atiming output signal from Al, AO, DI, DO, or counter/timer functions

Each PFI input also has a programmable debouncing filter. Figure 8-1 shows the circuitry of
one PFI line. Each PFI lineissimilar.

Figure 8-1. M Series PFI Circuitry

Timing Signals

Static DO
Buffer

1/0 Protection —® PFI x/P1/P2

Direction
Control

Static DI <]‘ Weak Pull-Down

To Input Timing
Signal Selectors

PFI
Filters

When aterminal isused asatiming input or output signd, itiscalled PFl x (wherex isan integer
from 0to 15). When aterminal is used as a static digital input or output, it iscalled P1.x or P2.x.
On the I/O connector, each terminal is labeled PFI x/P1 or PFIl x/P2.
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The voltage input and output levels and the current drive levels of the PFI signals arelisted in
the specifications of your device.

Using PFI Terminals as Timing Input Signals

Use PFI terminalsto route external timing signals to many different M Series functions. Each
PFI terminal can be routed to any of the following signals:

e Al Convert Clock (ai/ConvertClock)
e Al Sample Clock (ai/SampleClock)
e Al Start Trigger (ai/StartTrigger)

« Al Reference Trigger (ai/ReferenceTrigger)

e Al Pause Trigger (ai/PauseTrigger)

¢ Al Sample Clock Timebase (ai/SampleClockTimebase)

e AO Start Trigger (ao/StartTrigger)

¢ AO Sample Clock (ao/SampleClock)

¢ AO Sample Clock Timebase (ao/SampleClockTimebase)

e AO Pause Trigger (ao/PauseTrigger)

e Counter input signals for either counter—Source, Gate, Aux, HW_Arm, A, B, Z
¢ DI Sample Clock (di/SampleClock)

¢ DO Sample Clock (do/SampleClock)

Most functions allow you to configure the polarity of PFI inputs and whether the input is edge
or level sensitive.

Exporting Timing Output Signals Using PFI
Terminals

Y ou can route any of the following timing signals to any PFI terminal configured as an output:
e Al Convert Clock* (ai/ConvertClock)

¢ Al Hold Complete Event (ai/HoldCompleteEvent)
* Al Reference Trigger (ai/ReferenceTrigger)

e Al Sample Clock (ai/SampleClock)

e Al Start Trigger (ai/StartTrigger)

¢ AO Sample Clock* (ao/SampleClock)

e AO Start Trigger (ao/StartTrigger)

e Counter n Source

e Counter n Gate

¢ Counter n Internal Output
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*  Freguency Output

e PXI_STAR

e RTSI<0.7>

¢ Analog Comparison Event

e Change Detection Event

¢ DI Sample Clock* (di/SampleClock)
¢ DO Sample Clock* (do/SampleClock)

Note Signalswith a* areinverted before being driven to aterminal; that is, these
signals are active low.

Using PFI Terminals as Static Digital 1/0s

Each PFI can be individually configured as a static digital input or astatic digital output. When
aterminal isused asastatic digital input or output, it iscalled P1.x or P2.x. On the /O connector,
each terminal islabeled PFIl x/P1l.x or PFl x/P2.x.

In addition, M Series devices have up to 32 lines of bidirectional DIO signals.

Connecting PFI Input Signals

All PFl input connections are referenced to D GND. Figure 8-2 shows this reference, and how
to connect an external PFI 0 source and an external PFI 2 source to two PFI terminals.

Figure 8-2. PFI Input Signals Connections
£r

PFI 0

PFI 2

PFI O PFI 2
Source Source
D GND
1/0 Connector M Series Device
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PFI Filters

Y ou can enable a programmable debouncing filter on each PFI, RTSI, or PXI_STAR signal.
When the filters are enabled, your device samplesthe input on each rising edge of afilter clock.
M Series devices use an onboard oscillator to generate the filter clock with a40 MHz frequency.

@ Note NI-DAQmMX only supports filters on counter inputs.

Thefollowingisan exampleof low to high transitions of theinput signal. High to low transitions
work similarly.

Assume that an input terminal has been low for along time. The input termina then changes
from low to high, but glitches several times. When the filter clock has sampled the signal high
on N consecutive edges, the low to high transition is propagated to the rest of the circuit. The
value of N depends on the filter setting; refer to Table 8-1.

Table 8-1. Filters

N (Filter Clocks Pulse Width Pulse Width
Needed to Guaranteed to Guaranteed to
Filter Setting Pass Signal) Pass Filter Not Pass Filter
125 ns 5 125 ns 100 ns
6.425 us 257 6.425 ps 6.400 s
2.56 ms ~101,800 2.56 ms 2.54ms
Disabled — — —

Thefilter setting for each input can be configured independently. On power up, the filters are
disabled. Figure 8-3 shows an example of alow to high transition on an input that has its filter
set to 125 ns(N = 5).

Figure 8-3. Filter Example

RTSI, PFl, or

PXI_STAR Terminal —— L] L Filtered input goes
/ high when terminal
1 1 2 3 4 1 2 3 4 5 i led high
Filter Clock IS samp ed 'gh on
40 MH five consecutive filter
( 2) , clocks.
Filtered Input

Enabling filters introduces jitter on the input signal. For the 125 ns and 6.425 psfilter settings,
thejitter isup to 25 ns. On the 2.56 ms setting, the jitter is up to 10.025 ps.

When a PFl input is routed directly to RTSI, or aRTSI input is routed directly to PFI, the
M Series device does not use the filtered version of the input signal.
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Refer to the KnowledgeBase document, Digital Filtering with M Series and CompactDAQ,
for more information about digital filters and counters. To access this KnowledgeBase, go to
ni . cond i nf o and enter the Info Coder ddf ns.

I/0O Protection

Each DIO and PFI signal is protected against overvoltage, undervoltage, and overcurrent
conditions aswell as ESD events. However, you should avoid these fault conditions by
following these guidelines:

e If you configure a PFI or DIO line as an output, do not connect it to any external signal
source, ground, or power supply.

e If you configureaPFl or DIO line as an output, understand the current requirements of the
load connected to these signals. Do not exceed the specified current output limits of the
DAQ device. NI has several signal conditioning solutionsfor digital applications requiring
high current drive.

e If you configure a PFl or DIO line as an input, do not drive the line with voltages outside
of itsnormal operating range. The PFI or DIO lines have asmaller operating range than the
Al signals.

e Treat the DAQ device as you would treat any static sensitive device. Always properly
ground yourself and the equipment when handling the DAQ device or connecting to it.

Programmable Power-Up States

At system startup and reset, the hardware sets al PFl and DIO lines to high-impedance inputs
by default. The DAQ device does not drive the signal high or low. Each line has a weak
pull-down resistor connected to it, as described in the specifications document for your device.

NI-DAQmMXx supports programmable power-up states for PFI and DIO lines. Software can
program any value at power up to the PO, P1, or P2 lines. The PFI and DIO lines can be set as:

¢ A high-impedance input with aweak pull-down resistor (default)
e Anoutput driving a0
e Anoutput drivingal

Refer to the NI-DAQmx Help or the LabVIEW Help for moreinformation about setting power-up
statesin NI-DAQmx or MAX.

Note Whenusing your M Seriesdeviceto control an SCXI chassis, DIOlinesO, 1,
2, and 4 are used as communication lines and must be left to power-up in the default
high-impedance state to avoid potential damage to these signals.
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Generation

The digita routing circuitry has the following main functions:

*  Managesthe flow of data between the bus interface and the acquisition/generation
sub-systems (anal og input, analog output, digital 1/0O, and the counters). Thedigital routing
circuitry uses FIFOs (if present) in each sub-system to ensure efficient data movement.

¢ Routestiming and control signals. The acquisition/generation sub-systems use these
signal sto manage acquisitions and generations. These signals can come from thefollowing
sources:

Your M Series device
—  Other devicesin your system through RTSI
—  User input through the PFI terminals
—  User input through the PX1_STAR terminal
*  Routes and generates the main clock signals for the M Series device.

Clock Routing

Figure 9-1 shows the clock routing circuitry of an M Series device.
Figure 9-1. M Series Clock Routing Circuitry

Osgb'\jl)ard 'T‘ 10 MHzARefCIk (To RTSI <0..7>
Mz | Il h Output Selectors)
Oscillator
External 80 MHz
Reference Timebase

RTSI <0..7>
PXle_CLK10

Clock

PLL 20 MHz

Timebase

PXI_STAR 100 kHz

Timebase
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80 MHz Timebase

The 80 MHz Timebase can be used as the Source input to the 32-bit general -purpose
counter/timers.

The 80 MHz Timebase is generated from the following sources:

e Onboard oscillator

«  External signa (by using the external reference clock)

20 MHz Timebase

The 20 MHz Timebase normally generates many of the Al and AO timing signals. The
20 MHz Timebase also can be used as the Source input to the 32-bit general-purpose
counter/timers.

The 20 MHz Timebase is generated by dividing down the 80 MHz Timebase.

100 kHz Timebase

The 100 kHz Timebase can be used to generate many of the Al and AO timing signals. The
100 kHz Timebase also can be used as the Source input to the 32-bit general-purpose
counter/timers.

The 100 kHz Timebase is generated by dividing down the 20 MHz Timebase by 200.

External Reference Clock

The external reference clock can be used as a source for the internal timebases

(80 MHz Timebase, 20 MHz Timebase, and 100 kHz Timebase) on an M Series device. By
using the external reference clock, you can synchronize the internal timebases to an external
clock.

The following signals can be routed to drive the external reference clock:

« RTSI<0.7>
«  PXI_CLK10
«  PXI_STAR

The external reference clock is an input to a Phase-Lock Loop (PLL). The PLL generates the
internal timebases.

10 MHz Reference Clock

The 10 MHz reference clock can be used to synchronize other devicesto your M Series device.
The 10 MHz reference clock can be routed to the RTSI <0..7> terminals. Other devices
connected to the RTSI bus can use this signal as a clock input.

The 10 MHz reference clock is generated by dividing down the onboard oscillator.
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Synchronizing Multiple Devices

The following sections contain information bout synchronizing multiple M Series devices.

PXI/PXI Express Modules

On PXI systems, you can synchronize devices to PXI_CLK10. In this application the PXI
chassis acts as the initiator. Each PX1/PX1 Express module routes PX1_CLK10 to its external
reference clock.

Another option in PXI systemsisto use PXI_STAR. The Star Trigger controller device acts as
theinitiator and drives PXI_STAR with a clock signal. Each target device routes PXI_STARto
its external reference clock.

PCI/PCI Express Devices

With the RTSI and PFI bus and the routing capabilities of M Series PCI/PCI Express devices,
there are several ways to synchronize multiple devices depending on your application.

To synchronize multiple devices to acommon timebase, choose one device—the initiator—to
generate the timebase. The initiator device routesits 10 MHz reference clock to one of the
RTSI <0..7> or PFI <0..15> signals.

All devices (including theinitiator device) receive the 10 MHz reference clock from RTSI or
PFI. This signal becomes the external reference clock. A PLL on each device generates the
internal timebases synchronous to the external reference clock.

Once al of the devices are using or referencing a common timebase, you can synchronize
operations across them by sending a common start trigger out across the RTSI or PFI bus and
setting their sample clock rates to the same value.

USB Devices

With the PFI bus and the routing capabilities of USB M Series devices, there are several ways
to synchronize multiple devices depending on your application.

To synchronize multiple devices to a common timebase, choose one device—the initiator—to
generate the timebase. Theinitiator device routes its 10 MHz reference clock to one of the
PFI <0..15> signals.

All devices (including theinitiator device) receive the 10 MHz reference clock from PFI. This
signal becomes the external reference clock. A PLL on each device generates the internal
timebases synchronous to the external reference clock.

Once al of the devices are using or referencing a common timebase, you can synchronize
operations across them by sending acommon start trigger out acrossthe PFI busand setting their
sample clock rates to the same value.
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Real-Time System Integration (RTSI)

Real-Time System Integration (RTSI) isaset of bused signals among devicesthat allowsyou to
do the following:

¢ Useacommon clock (or timebase) to drive the timing engine on multiple devices
e Sharetrigger signals between devices

Many National Instruments DAQ, Motion, Vision, and CAN devices support RTSI.

—

=\ Note RTSl isnot supported on USB devices.

InaPCI/PCI Expresssystem, the RTSI bus consists of the RTSI businterface and aribbon cable.
The bus can route timing and trigger signals between several functionson asmany asfive DAQ,
vision, motion, or CAN devices in the computer.

InaPXI/PXI1 Expresssystem, the RTS| bus consistsof the RTSI businterface and the PX1 trigger
signals on the PX1 backplane. This bus can route timing and trigger signals between severa
functions on as many as seven DAQ devices in the system.

RTSI Connector Pinout

(PCI/PCI Express Devices) Figure 9-2 shows the RTSI connector pinout and Table 9-1
describes the RTS! signals.

Figure 9-2. M Series PCI/PCI Express Device RTSI Pinout

Terminal 34

Terminal 33

|~ Terminal 1
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Table 9-1. RTSI Signals

RTSI Bus Signal Terminal

RTSI 7 34

RTSI 6 32

RTSI 5 30

RTSI 4 28

RTSI 3 26

RTSI 2 24

RTS 1 22

RTSI 0 20

Not Connected. Do not connect signals to these terminals. | 1to 18

D GND 19, 21, 23, 25, 27, 29, 31, 33

Using RTSI as Outputs

RTSI <0..7> arebidirectional terminals. Asan output, you can drive any of thefollowing signals
to any RTS| terminal:

e Al Start Trigger (ai/StartTrigger)

e Al Reference Trigger (ai/ReferenceTrigger)
e Al Convert Clock* (ai/ConvertClock)

¢ Al Sample Clock (ai/SampleClock)

e Al Pause Trigger (ai/PauseTrigger)

¢ AO Sample Clock* (ao/SampleClock)

e AO Start Trigger (ao/StartTrigger)

¢ AO Pause Trigger (ao/PauseTrigger)

¢ 10 MHz Reference Clock

¢ Counter n Source, Gate, Z, Internal Output
¢ Change Detection Event

¢ Analog Comparison Event

e FREQOUT

*  PFI<0.5>

Note Signalswith a* areinverted before being driven on the RTSI terminals.
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Using RTSI Terminals as Timing Input Signals

You can use RTSI terminals to route external timing signals to many different M Series
functions. Each RTSI terminal can be routed to any of the following signals:

e Al Convert Clock (ai/ConvertClock)

e Al Sample Clock (ai/SampleClock)

e Al Start Trigger (ai/StartTrigger)

e Al Reference Trigger (ai/ReferenceTrigger)

e Al Pause Trigger (ai/PauseTrigger)

¢ Al Sample Clock Timebase (ai/SampleClockTimebase)

«  AO Start Trigger (ao/StartTrigger)

¢ AO Sample Clock (ao/SampleClock)

¢ AO Sample Clock Timebase (ao/SampleClockTimebase)
e AO Pause Trigger (ao/PauseTrigger)

e Counter input signals for either counter—Source, Gate, Aux, HW_Arm, A, B, or Z
¢ DI Sample Clock (di/SampleClock)

¢ DO Sample Clock (do/SampleClock)

Most functions allow you to configure the polarity of PFI inputs and whether the input is edge
or level sensitive.

RTSI Filters

Y ou can enable a programmable debouncing filter on each PFI, RTSI, or PXI_STAR signal.
When thefilters are enabled, your device samplestheinput on each rising edge of afilter clock.
M Series devices use an onboard oscillator to generate the filter clock with a40 MHz frequency.

Note NI-DAQmMX only supportsfilters on counter inputs.

Thefollowing isan example of low to high transitions of theinput signal. High to low transitions
work similarly.
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Assume that an input terminal has been low for along time. The input terminal then changes
from low to high, but glitches several times. When the filter clock has sampled the signal high
on N consecutive edges, the low to high transition is propagated to the rest of the circuit. The
value of N depends on the filter setting; refer to Table 9-2.

Table 9-2. Filters

N (Filter Clocks Pulse Width Pulse Width
Needed to Guaranteed to Guaranteed to
Filter Setting Pass Signal) Pass Filter Not Pass Filter
125ns 5 125ns 100 ns
6.425 s 257 6.425 ps 6.400 ps
2.56 ms ~101,800 2.56 ms 2.54ms
Disabled — — —

Thefilter setting for each input can be configured independently. On power up, the filters are
disabled. Figure 9-3 shows an example of alow to high transition on an input that has its filter
setto 125 ns(N =5).

Figure 9-3. Filter Example

RTSI, PFI, or
PXI_STAR Terminal —— L] LI Filtered input goes
high when terminal
Filter Clock 1 12 34 A |fs sampled h|gh on
ST W LWL LML L L five consecutive filter
(40 MH2) clocks.

Filtered Input

Enabling filters introduces jitter on the input signal. For the 125 ns and 6.425 psfilter settings,
thejitter isup to 25 ns. On the 2.56 ms setting, the jitter is up to 10.025 ps.

When a PFl input is routed directly to RTSI, or aRTSI input isrouted directly to PFI, the
M Series device does not use the filtered version of the input signal.

Refer to the KnowledgeBase document, Digital Filtering with M Series and CompactDAQ,
for more information about digital filters and counters. To access this KnowledgeBase, go to
ni . cond i nf o and enter the Info Coder ddf ns.
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PXI Clock and Trigger Signals

PXI clock and trigger signals are only available on PXI/PXI Express devices.

PXI_CLK10

PX1_CLK10 isacommon low-skew 10 MHz reference clock for synchronization of multiple
modules in a PX| measurement or control system. The PXI backplaneis responsible for
generating PXI_CLK10 independently to each peripheral slot in a PXI chassis.

PXI Triggers

A PXI chassis provides eight bused trigger lines to each module in a system. Triggers may be
passed from one module to another, allowing precisely timed responses to asynchronous
external events that are being monitored or controlled. Triggers can be used to synchronize the
operation of several different PXI peripheral modules.

On M Series devices, the eight PXI trigger signals are synonymous with RTSI <0..7>.

Note that in a PXI chassis with more than eight slots, the PX1 trigger lines may be divided into
multiple independent buses. Refer to the documentation for your chassis for details.

PXI_STAR Trigger

In aPXI system, the Star Trigger bus implements a dedicated trigger line between the first
peripheral slot (adjacent to the system slot) and the other peripheral slots. The Star Trigger can
be used to synchronize multiple devices or to share a common trigger signal among devices.

A Star Trigger controller can beinstalled in thisfirst peripheral slot to providetrigger signalsto
other peripheral modules. Systems that do not require this functionality can install any standard
peripheral module in thisfirst peripheral slot.

An M Seriesdevicereceivesthe Star Trigger signal (PXI1_STAR) from a Star Trigger controller.
PXI_STAR can be used as an external source for many Al, AO, and counter signals.

AnM Seriesdeviceisnot a Star Trigger controller. An M Series device may be used in thefirst
peripheral slot of a PXI system, but the system will not be able to use the Star Trigger feature.

PXI_STAR Filters

Y ou can enable a programmable debouncing filter on each PFI, RTSI, or PXI_STAR signal.
When the filters are enabled, your device samplesthe input on each rising edge of afilter clock.
M Series devices use an onboard oscillator to generate the filter clock with a40 MHz frequency.

Note NI-DAQmMX only supportsfilters on counter inputs.

Thefollowing isan example of low to high transitions of theinput signal. High to low transitions
work similarly.
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Assume that an input terminal has been low for along time. The input terminal then changes
from low to high, but glitches several times. When the filter clock has sampled the signal high
on N consecutive edges, the low to high transition is propagated to the rest of the circuit. The
value of N depends on the filter setting; refer to Table 9-3.

Table 9-3. Filters

N (Filter Clocks Pulse Width Pulse Width
Needed to Guaranteed to Guaranteed to
Filter Setting Pass Signal) Pass Filter Not Pass Filter
125ns 5 125ns 100 ns
6.425 s 257 6.425 ps 6.400 ps
2.56 ms ~101,800 2.56 ms 2.54ms
Disabled — — —

Thefilter setting for each input can be configured independently. On power up, the filters are
disabled. Figure 9-4 shows an example of alow to high transition on an input that has its filter
setto 125 ns(N =5).

Figure 9-4. Filter Example

RTSI, PFI, or
PXI_STAR Terminal —— L] LI Filtered input goes
high when terminal
Filter Clock 1 12 34 A |fs sampled h|gh on
ST W LWL LML L L five consecutive filter
(40 MH2) clocks.

Filtered Input

Enabling filters introduces jitter on the input signal. For the 125 ns and 6.425 psfilter settings,
thejitter isup to 25 ns. On the 2.56 ms setting, the jitter is up to 10.025 ps.

When a PFl input is routed directly to RTSI, or aRTSI input isrouted directly to PFI, the
M Series device does not use the filtered version of the input signal.

Refer to the KnowledgeBase document, Digital Filtering with M Series and CompactDAQ,
for more information about digital filters and counters. To access this KnowledgeBase, go to
ni . cond i nf o and enter the Info Coder ddf ns.
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Bus Interface

Thebusinterface circuitry of M Seriesdevices efficiently moves data between host memory and
the measurement and acquisition circuits. M Series devices are available for the following

platforms:

« PCI

e PCl Express
« PXI

e PXI Express
e USB

All M Series devices are jumperless for complete plug-and-play operation. The operating
system automatically assigns the base address, interrupt levels, and other resources.

NI M Series PCI/PCle/PX1/PXIe devices incorporate PCI-MITE technology to implement a
high-performance PCI interface. M Series USB devices incorporate USB-STC2 technology to
implement a Hi-Speed USB interface.

Data Transfer Methods

Refer to the following sections for information about bus interface data transfer methods for
M Series devices.

PCI/PCI Express Device and PXI/PXI Express Module
Data Transfer Methods

The primary ways to transfer data across the PCI bus are as follows:

¢ Direct Memory Access (DMA)—DMA isamethod to transfer data between the device
and computer memory without the involvement of the CPU. This method makes DMA the
fastest available data transfer method. NI uses DMA hardware and software technology to
achieve high throughput rates and increase system utilization. DMA isthe default method
of datatransfer for PCI, PCl Express, PXI, and PX| Express devices and modules.

NI M Series PCI/PCle/PXI1/PXIe devices have six fully-independent DMA controllers for
high-performance transfers of data blocks. One DMA controller is available for each
measurement and acquisition block:

— Andog input
— Anaog output
—  Counter 0
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—  Counter 1

—  Digital waveform generation (digital output)

— Digital waveform acquisition (digital input)

Each DMA controller channel contains a FIFO and independent processes for filling and
emptying the FIFO. Thisallowsthe busesinvolved in the transfer to operate independently

for maximum performance. Datais transferred simultaneously between the ports. The
DMA controller supports burst transfers to and from the FIFO.

Each DMA controller supports several features to optimize PCI/PX] bus utilization. The
DMA controllers pack and unpack data through the FIFOs. This feature allows the DMA
controllers to combine multiple 16-bit transfers to the DAQ circuitry into asingle 32-bit
burst transfer on PCI. The DMA controllers also automatically handle unaligned memory
buffers on PCI/PXI.

¢ Interrupt Request IRQ)—IRQtransfersrely onthe CPU to service datatransfer requests.
The device notifies the CPU when it is ready to transfer data. The data transfer speed is
tightly coupled to the rate at which the CPU can service the interrupt requests. If you are
using interrupts to transfer data at a rate faster than the rate the CPU can service the
interrupts, your systems may start to freeze.

e Programmed I/O—Programmed |/O is a data transfer mechanism where the user’s
program isresponsible for transferring data. Each read or write call in the program initiates
the transfer of data. Programmed 1/O istypically used in software-timed (on-demand)
operations. Refer to the Analog Output Data Generation Methods section of Chapter 5,
Analog Output, for more information.

Note On PCI, PCI Express, PXI, and PXI Express M Series devices, each
measurement and acquisition circuit (that is, Al, AO, and so on) has a dedicated
DMA channel. So in most applications, all data transfers use DMA. However,
NI-DAQmx alows you to disable DMA and use interrupts. To change your data
transfer mechanism between DMA and interrupts in NI-DAQmX, use the Data
Transfer Mechanism property node.

USB Device Data Transfer Methods

The primary ways to transfer data across the PCI bus are as follows:

¢ USB Signal Stream—USB Signal Stream isamethod to transfer data between the device
and computer memory using USB bulk transfers without intervention of the
microcontroller on the NI device. NI uses USB Signa Stream hardware and software
technology to achieve high throughput rates and increase system utilization in USB
devices.

M Series USB devices have four fully-independent USB Signal Stream for
high-performance transfers of data blocks. These channels are assigned to the first four
measurement/acquisition circuits that request one.
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¢ Programmed I/O—Programmed |/O is a data transfer mechanism where the user’s
program isresponsible for transferring data. Each read or write call in the program initiates
the transfer of data. Programmed 1/O istypically used in software-timed (on-demand)
operations. Refer to the Analog Output Data Generation Methods section of Chapter 5,
Analog Output, for more information.

Note USB Signa Stream channels are assigned to the first four
measurement/acquisition circuitsthat request one. When aUSB Signal Stream is not
available, you must set the data transfer mechanism to programmed |/O; otherwise
the driver returns an error. To change your data transfer mechanism between USB
Signal Stream and programmed 1/O, use the Data Transfer Mechanism property
node function in NI-DAQmX.

PXI Considerations

PXI clock and trigger signals are only available on PXI devices.

PXI Clock and Trigger Signals

Refer to the PXI_CLK10, PXI Triggers, PXI _STAR Trigger, and PXI_STAR Filters sections of
Chapter 9, Digital Routing and Clock Generation, for more information about PXI clock and
trigger signals.

PXIl and PXI Express

NI PX1 M Series devices can beinstalled in any PXI chassis and most slots of PX| Express
hybrid chassis. NI PXI Express M Series devices can be installed in any PX1 Expressslot in
PX1 Express chassis.

PXI specifications are devel oped by the PX1 System Alliance (wwv. pxi sa. or g). Using the
terminology of the PXI specifications, some NI PXI M Series devices are 3U Hybrid
Slot-Compatible PXI1-1 Peripheral Modules. Refer to your device specificationsto see if your
PX1 M Series device is hybrid slot-compatible.

3U designates devices that are 100 mm tall (as opposed to the taller 6U modules).
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Hybrid sl ot-compatible defines where the device can beinstalled. PXI M Series devices can be
installed in the following chassis and dlots:

e PXI chassis—PXI| M Seriesdevices can beinstalled in any peripheral dot of aPXI chassis.

e PXI Express chassis’—PX| M Series devices can beinstalled in the following
PX| Express chassis dlots:

—  PXI-1dots—Acceptsal PXI modules

—  PXI hybrid slots—Accepts PXI modules that are hybrid slot-compatible or
PX1 Express modules

—  PXI Express dots—Accepts PX1 Express modules

PX1-1 devices use PCl signaling to communicate to the host controller (as opposed to
PCI Express signaling).

Peripheral devices areinstalled in peripheral slots and are not system controllers.

Using PXI with CompactPCI

Using PX1-compatible products with standard CompactPCl products is an important feature
provided by the PXT Hardware Specification Revision 2.1. If you use a PXI-compatible plug-in
module in a standard CompactPCI chassis, you cannot use PXI-specific functions, but you can
still use the basic plug-in device functions. For example, the RTSI buson aPXI| M Seriesdevice
isavailable in a PXI chassis, but not in a CompactPCl chassis.

The CompactPCI specification permits vendorsto devel op sub-busesthat coexist with the basic
PCI interface on the CompactPCl bus. Compatible operation is not guaranteed between
CompactPCI deviceswith different sub-buses nor between CompactPCl deviceswith sub-buses
and PXI. The standard implementation for CompactPCI does not include these sub-buses. The
PX1 M Series device worksin any standard CompactPCl chassis adhering to the PICMG
CompactPCI 2.0 R3.0 core specification.

PX|-specific features are implemented on the J2 connector of the CompactPCl bus. The PXI

device is compatible with any CompactPCI chassis with a sub-bus that does not drive the lines
used by that device. Even if the sub-busis capable of driving these lines, the PXI| deviceis till
compatible as long as those terminals on the sub-bus are disabled by default and never enabled.

Caution Damagecanresult if theselinesaredriven by the sub-bus. NI isnot liable
for any damage resulting from improper signal connections.

1 For somePX| M Seriesdevices, there aretwo variants—onethat will work in PXI hybrid dotsand one that
supports local bus for SCXI control when the device isin the right-most slot. Refer to the device
specifications for more information.
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Triggering

A trigger isasignal that causes an action, such as starting or stopping the acquisition of data.
When you configure atrigger, you must decide how you want to produce the trigger and the
action you want the trigger to cause. All M Series devices support internal software triggering,
aswell as external digital triggering. Some devices a so support analog triggering. For
information about the different actions triggers can perform for each sub-system of the device,
refer to the following sections:

e TheAnalog Input Triggering section of Chapter 4, Analog Input

e TheAnalog Output Triggering section of Chapter 5, Analog Output

e The Counter Triggering section of Chapter 7, Counters

Note Not all M Series devices support analog triggering. For more information
about triggering compatibility, refer to the specifications document for your device.

Triggering with a Digital Source

Y our DAQ device can generate atrigger on adigital signal. Y ou must specify a source and an
edge. The digital source can be any of the PFI, RTSI, or PXI_STAR signals.

The edge can be either the rising edge or falling edge of the digital signal. A rising edgeisa
transition from alow logic level to ahigh logic level. A falling edge is ahigh to low transition.

Figure 11-1 shows afalling-edge trigger.
Figure 11-1. Falling-Edge Trigger

5V
Digital Trigger
T oV

Falling Edge Initiates Acquisition

You also can program your DAQ device to perform an action in response to atrigger from a
digital source. The action can affect the following:

« Analoginput acquisition

«  Analog output generation

e Counter behavior

« Digita waveform acquisition and generation
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Triggering with an Analog Source

SomeM Seriesdevices can generateatrigger on an analog signal. To find your devicetriggering
options, refer to the specifications document for your device.

Figure 11-2 shows the analog trigger circuit.
Figure 11-2. Analog Trigger Circuit

Analog .
Input ° ADC
Channels o

Al Circuitry
Analog Comparison
Analog Event
Trigger AO Circuitry
APFI <0,1> Detection|  (Analog Trigger

Circuitry Output) o
Counter Circuitry

You must specify a source and an analog trigger type. The source can be either an APFI <0,1>
terminal or an analog input channel.

APFI <0,1> Terminals

When you use either APFI <0,1> terminal as an analog trigger, you should drive the terminal
with alow impedance signal source (less than 1 kQ source impedance). If APFI <0,1> are | eft
unconnected, they are susceptible to crosstalk from adjacent terminal's, which can cause false
triggering. Note that the APFI <0,1> terminal s also can be used for other functions such asthe
AO External Referenceinput, asdescribed inthe 4O Offset and AO Reference Selection section
of Chapter 5, Analog Output.

Analog Input Channels

Select any analog input channel to drive the NI-PGIA. The NI-PGIA amplifiesthe signal as
determined by theinput ground-reference setting and theinput range. The output of the NI-PGIA
then drives the analog trigger detection circuit. By using the NI-PGIA, you can trigger on very
small voltage changesin the input signal.

When the DAQ device iswaiting for an analog trigger with a Al channel as the source, the Al
muxes should not route different Al channelsto the NI-PGIA. If adifferent channel isrouted to
the NI-PGIA, the trigger condition on the desired channel could be missed. The other channels
also could generate false triggers.
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This behavior places some restrictions on using Al channels as trigger sources. When you use
an analog start trigger, the trigger channel must bethe first channel in the channel list. Whenyou
use an anal og reference or pause trigger, and the analog channel isthe source of thetrigger, there
can be only one channel in the channel list.

Analog Trigger Actions

The output of the analog trigger detection circuit is the Analog Comparison Event signal. Y ou
can program your DAQ deviceto perform an action in response to the Analog Comparison Event
signal. The action can affect the following:

e Analoginput acquisition
«  Analog output generation
e Counter behavior

Routing Analog Comparison Event to an Output
Terminal

Y ou can route Analog Comparison Event out to any PFl <0..15> or RTS| <0..7> terminal.

Analog Trigger Types

Configure the analog trigger circuitry to different triggering modes:

¢ Analog Edge Triggering—Configure the analog trigger circuitry to detect when the
analog signal is below or above alevel you specify.

In below-level anal og triggering mode, shown in Figure 11-3, thetrigger isgenerated when
the signal valueislessthan Level.

Figure 11-3. Below-Level Analog Triggering Mode

Analog Comparison Event | | W
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In above-level anal og triggering mode, shown in Figure 11-4, thetrigger isgenerated when
the signal valueis greater than Level.

Figure 11-4. Above-Level Analog Triggering Mode

Analog Comparison Event ,_l

¢ Analog Edge Triggering with Hysteresis—Hysteresis adds a programmable voltage
region above or below the trigger level that an input signal must pass through before the
DAQ device recognizes atrigger condition, and is often used to reduce falsetriggering due
to noise or jitter in the signal.
— Anaog Edge Trigger with Hysteresis (Rising Slope)—When using hysteresiswith a
rising slope, you specify atrigger level and amount of hysteresis. The high threshold
isthe trigger level; the low threshold is the trigger level minus the hysteresis.

For thetrigger to assert, the signal must first be below thelow threshold, then go above
the high threshold. The trigger stays asserted until the signal returns below the low
threshold. The output of the trigger detection circuitry isthe internal Analog
Comparison Event signal, as shown in Figure 11-5.

Figure 11-5. Analog Edge Triggering with Hysteresis Rising Slope Example

Then signal must
go above high threshold before
Analog Comparison Event asserts.

7 iiatie Wy el ittt G il AN High threshold
Hysteresis I E (Level)
I A A . .:, """ Low threshold
First signal must go / E E E (Level — Hysteresis)
below low threshold. I ' '

Analog Comparison Event
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— Anaog Edge Trigger with Hysteresis (Falling Slope)—When using hysteresiswith a
falling slope, you specify atrigger level and amount of hysteresis. The low threshold
isthe trigger level; the high threshold is the trigger level plusthe hysteresis.

For the trigger to assert, the signal must first be above the high threshold, then go
below the low threshold. Thetrigger stays asserted until the signal returns above the
high threshold. The output of the trigger detection circuitry istheinternal Analog
Comparison Event signal, as shown in Figure 11-6.

Figure 11-6. Analog Edge Triggering with Hysteresis Falling Slope Example

First signal must go
above high threshold.

HysteresisI
YA IN LN

Then signal must go below low threshold

before Analog Comparison Event asserts. ,—l ,—

Analog Comparison Event ; : | : |

<#- Low threshold
(Level)

¢ Analog Window Triggering—An analog window trigger occurs when an analog signal
either passesinto (enters) or passes out of (Ieaves) awindow defined by two voltage levels.
Specify the levels by setting the window Top value and the window Bottom value.

Figure 11-7 demonstrates a trigger that asserts when the signal enters the window.
Figure 11-7. Analog Window Triggering Mode (Entering Window)

5}

°

|

I

|

T

|

|

I

|
.

|

|

|

I
JE A

|

I

|

|

I
R

|

I

|

|
SR

|

|

!

|

I

|

|

|

|

I
=,

|

I

i

© National Instruments | 11-5

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Chapter 11 Triggering

Analog Trigger Accuracy

The analog trigger circuitry compares the voltage of the trigger source to the output of
programmabl e trigger DACs. When you configure the level (or the high and low limitsin
window trigger mode), the device adjusts the output of the trigger DACs. Refer to the
specificationsdocument for your deviceto find the accuracy or resolution of these DACs, which
also shows the accuracy or resolution of analog triggers.

To improve accuracy, do the following:

e UseanAl channel (with asmall input range) instead of APFI <0,1> asyour trigger source.
The DAQ device does not amplify the APFI <0,1> signals. When using an Al channel, the
NI-PGIA amplifiesthe Al channel signal before driving the analog trigger circuitry. If you
configurethe Al channel to have asmall input range, you can trigger on very small voltage
changesin the input signal.

«  Software-calibrate the analog trigger circuitry. The propagation delay from when avalid
trigger condition is met to when the anal og trigger circuitry emits the Analog Comparison
Event may have an impact on your measurementsif the trigger signal has ahigh slew rate.
If you find these conditions have a noticeable impact on your measurements, you can
perform software calibration on the analog trigger circuitry by configuring your task as
normal and applying a known signal for your analog trigger. Comparing the observed
results against the expected results, you can calculate the necessary offsetsto apply in
software to fine-tune the desired triggering behavior.
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Module/Device-Specific
Information

This appendix contains device pinouts, and information about specifications, cable and
accessory choices, and other important topics for the following M Series modul es/devices:

o NIG6220
o NIG6221 (68-Pin)
e NIPCI-6221 (37-Pin)

e NI6224
e NI6225
e NI6229
e NI6250
e NI6251
e NI6254
e NI6255
e NI6259
e NI6280
e NI6281
e NI6284
e NI6289

To obtain documentation for devices not listed here, refer toni . conf manual s.

Note M Series devices may be used with most E Series accessories. However,
some E Series accessories use different terminal names. Refer to Appendix D,
Upgrading from E Series to M Series, for more information.
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NI 6220

PCI/PXI-6220 Pinout
Figure A-1 shows the pinout of the PCI/PXI-6220.
Figure A-1. PCI/PXI-6220 Pinout

/\

Aloalo+) |[68]34]| Al (alo)

Al GND 67 |33 || AL (Al 1+)

A9 (Al 1) 66 | 32| | AIGND

A2 AI2+) ||65]31]] Ar10(al2) °
Al GND 64 30| AI3 (Al 3+) L _
Al11 (AI3) |[63]29]| AlGND 5
AISENSE | [6228]| Al4 (Al 4+) L2
Al12 (A14) |[|61]27]| Al GND 5~
A5 a5+ |[60]26]| Al13 (AI5) ©
Al GND 59 | 25| | Al 6 (Al 6+) @
Al14 (Al 6) ||58]24]| AlGND

Al7 (Al 7+) 57123 || AI15(AI7-) TERMINAL 68 - TERMINAL 34
Al GND 56 | 22| | NC

NC 55| 21| | NC

NC 54|20 | NC

D GND 53|19 || Po.4

P0.0 52|18|| D GND

PO.5 51 (17| | Po

D GND 50 |16 || Po.6

P0.2 49|15|| D GND

P0.7 48] 14| | +5v

P0.3 47|13 || DGND

pri1uP23 | [46122] | b eND TERMINAL 35 S TERMINAL 1
PFI10/P2.2 ||45]11|| PRIO/PLO

D GND 44 (10| | PRI 1/PLL @
PFI 2/P1.2 43| 9 || DGND

PFI 3/P1.3 42| 8 ||+5v

PFI 4/P1.4 41| 7 || DGND

PFI13/P2.5 |[40]| 6 || PFIS/PLS

PFI15/P2.7 |[39| 5 || PFI6/PLE

PFI 7/P1.7 38| 4 || DGND

PFI 8/P2.0 37| 3 || PRIg/P2.1

D GND 36| 2 || PFI12/P2.4

D GND 35| 1 || PFI14/P2.6

S~

NC = No Connect
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Table A-1. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6220 Important Links

Thefollowing list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6220 Specifications for more detailed information about
the PCI/PX1-6220 device.

e Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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NI 6221 (68-Pin)

The following sections contain information about the PCI/PX1-6221, USB-6221 Screw
Terminal, and USB-6221 BNC.

PCI/PXI-6221

PCI/PXI-6221 Pinout
Figure A-2 shows the pinout of the PCI/PXI-6221.
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Figure A-2. PCI/PXI-6221 Pinout

/\

AloAlo+) |[68]34]] A8 (alo)

Al GND 67 [ 33| AI'L (Al 14)

Al9 (Al 1) 66 | 32| | AIGND

Al2(AI2+) ||65]31]| A0 (Al29) °
Al GND 64 | 30| | Al 3 (Al 3+) g,ﬁ
Al11(AI3) |[63]29]] alaND 5
AISENSE  ||62]28]| A4 (Al 44) L2
Al12 (AI4) |[61]27]] AlaND 5~
AI5(AI5+) |[60]26]] Al13 (Al 59 ©
Al GND 59 | 25| | Al 6 (Al 6+) @
Al14 (AI6-) |[58]24]| AlGND

Al 7 (Al 7+) 57|23|| AI15(AI7-) TERMINAL 68 { TERMINAL 34
Al GND 56 |22 || AO O

AO GND 55 (21| | AO 1

AO GND 54(20|| NC

D GND 53|19 || Po.4

P0.0 52 |18|| D GND

PO.5 51 (17| | Po.1

D GND 50 |16 | | P0.6

PO.2 49|15 | D GND

P0O.7 48| 14| | +5v

P0.3 47|13 | DGND

pri11P23 |46 12| | D GND TERMINAL 35 S TERMINAL 1
PFI10/P2.2 ||45]11|| PRIO/PLO

D GND 44 (10| | PRI 1/PLL @
PFI 2/P1.2 43| 9 || DGND

PFI 3/P13 2|8 ||+5v

PFI 4/P1.4 41| 7 || DGND

PFI13/P25 [[40| 6 || PRISIPLS

PFI15/P2.7 ||39] 5 || PRI6/PLS

PFI 7/P1.7 38| 4 || DGND

PFI 8/P2.0 37| 3 || PRIO/P2.1

D GND 36| 2 || PFI12/P2.4

D GND 35| 1 || PFI14/P2.6

\/

NC = No Connect
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Table A-2. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6221 Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6221 Specifications for more detailed information about
the PCI/PX1-6221 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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M Series User Manual

USB-6221 Screw Terminal Pinout
Figure A-3 shows the pinout of the USB-6221 Screw Terminal.
Figure A-3. USB-6221 Screw Terminal Pinout

A0 A0+ 1[TS 17 Al 4 (Al 4+)

= 18 Al 12 (Al 4-)
A8 (AI0) 2|[S

= 19 Al GND
Al GND 3| IS

I 20 AlI5 (Al 5+)
All(Al1+) 4[|

I 21 Al 13 (Al 5-)
Al9 (AI1l) 5/[S

I 22 Al GND
Al GND 6| IS

> 23 Al 6 (Al 6+)
Al2AI2+) 7|18

X 24 Al 14 (Al 6-)
Al'10 (A1 2-) 8|S

N 25 Al GND
Al GND S

= 26 Al7 (Al 7+)
Al 3 (Al 3+) 10| [

N 27 Al 15 (Al 7-)
Al 11 (AI3-) 11 S

N 28 Al GND
AIGND 12| [§ 29 NC
Al SENSE 13| S

N 30 AIGND
AIGND 14|

_ 31 AO1
v 15 32 AO GND
AOGND 16[S

S|

200D DDDPDDDDDDD|

NC = No Connect

0.0 PFI 8/P2.0
o1 D GND
: PFI 9/P2.1
P0.2
P03 D GND
: PFI 10/P2.2
P0.4
oS D GND
: PFI 11/P2.3
P0.6
P07 D GND
ST PFI 12/P2.4
D GND
PFI 1/P1.1
PFI 13/P2.5
PFI 2/P1.2
D GND
PFI 3/P1.3
PFI 14/P2.6
PFI 4/P1.4
D GND
PFI 5/P1.5 PEI 15/P2.7
PFI 6/P1.6 v
PFI 7/P1.7

Table A-3. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)

CTROSRC 81 (PFI 8)
CTROGATE 83 (PFI 9)
CTROAUX 85 (PFI 10)
CTROOUT 89 (PFI 12)
CTROA 81 (PFI 8)
CTROZ 83 (PFI 9)
CTROB 85 (PFI 10)
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Appendix A Module/Device-Specific Information

Table A-3. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Pin Number (Name)

CTR1SRC 76 (PFI 3)
CTR1GATE 77 (PRI 4)
CTR1AUX 87 (PFI 11)
CTR10UT 91 (PFI 13)
CTR1A 76 (PFI 3)
CTR1Z 77 (PFI 4)
CTR1B 87 (PFI 11)

FREQ OUT 93 (PFI 14)

@ Note For adetailed description of each signal, refer to the 7/0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6221 Screw Terminal Important Links
The following list contains links specific to your DAQ device:

¢ Specifications—Refer to the NI 6221 Specifications for more detailed information about
the USB-6221 Screw Terminal device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6221 Screw Termina LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6221 Screw Terminal.

¢ Accessory Options—Refer tothe USB Device Accessories, USB Cable, and Power Supply
section of Chapter 2, DAQ System Overview, for more information.
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USB-6221 BNC

USB-6221 BNC Pinout
Figure A-4 shows the pinout of the USB-6221 BNC.
Figure A-4. USB-6221 BNC Top Panel and Pinout

DIGITAL AND TIMING 1/0 POWER (+5V)
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DIGITAL ANDTIMING 1/0 O
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oano
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fos
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oonD

PFIBP20

PFIP21

PFI0P22

PRITIP2

oanD
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PRIIPLS
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Appendix A Module/Device-Specific Information

Table A-4. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Name

CTROSRC PFI 8
CTRO GATE PFI 9
CTROAUX PFI 10
CTROOUT PFI 12
CTROA PFI 8
CTROZ PFI 9
CTROB PFI 10
CTR1SRC PFI 3
CTR 1 GATE PFI 4
CTR1AUX PFI 11
CTR10OUT PFI 13
CTR1A PFI 3
CTR1Z PFI 4
CTR1B PFI 11
FREQ OUT PFI 14

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6221 BNC Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6221 Specifications for more detailed information about
the USB-6221 BNC device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6221 BNC LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6221 BNC.

¢ Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply
section of Chapter 2, DAQ System Overview, for more information.
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M Series User Manual

PCI-6221 (37-Pin) Pinout

Figure A-5 shows the pinout of the PCI-6221 (37-pin).
Figure A-5. PCI-6221 (37-Pin) Pinout

Al 0 (Al 0+)
Al9 (Al 1)
Al GND
Al'10 (Al 2-)
Al 3 (Al 3+)
Al 4 (Al 4+)
Al 13 (Al 5-)
Al SENSE
Al 14 (Al 6-)
Al 15 (Al 7-)
AO GND
AO 0

PFI 0/P1.0
D GND

PFI 3/P1.3
D GND

PFI 6/P1.6
D GND
PO.1

J

plelrle(rlrlr|r|R]|e

\

Al 8 (Al 0-)
Al'L (Al 1+)
Al 2 (Al 2+)
Al 11 (Al 3-)
Al GND

Al 12 (Al 4-)
Al'5 (Al 5+)
A6 (Al 6+)
Al 7 (Al 7+)
NC

AO1

AO GND
PFI 1/P1.1
PFI 2/P1.2
PFI 4/P1.4
PFI5/P1.5
PFI 7/P1.7
P0.0

NC = No Connect

Table A-5. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)

CTROSRC 13 (PFI 0)

CTR O GATE 32 (PFI 1)
CTROAUX 33 (PFI 2)
CTROOUT 17 (PFI 6)
CTROA 13 (PFI 0)
CTROZ 32 (PFI 1)
CTROB 33 (PFI 2)
CTR1SRC 15 (PFI 3)
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Appendix A Module/Device-Specific Information

Table A-5. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Pin Number (Name)
CTR1GATE 34 (PFI 4)
CTR1AUX 35 (PFI 5)
CTR10UT 36 (PFI 7)

CTR1A 15 (PFI 3)
CTR1Z 34 (PFI 4)
CTR1B 35 (PFI 5)
FREQ OUT 35 (PFI 5)

Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI-6221 (37-Pin) Important Links

The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6221 (37-Pin) Specifications for more detailed
information about the PCI-6221 (37-pin) device.

¢ Accessory and Cabling Options—Refer to the 37-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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NI 6224

PCI/PXI-6224 Pinout

Figure A-6 shows the pinout of the PCI/PX1-6224. The 1/0 signals appear on two 68-pin
connectors.

Figure A-6. PCI/PXI-6224 Pinout

Alo(al0+) |[68]34]| Al (al0) P0.30 1 [35]| benD

Al GND 67 33| Al1(AI1H) P0.28 2 [36]| penD

A9 A1) |[66]32]| AlGND P0.25 3 [37]]| Po.24

A2 A24) [[es]31]] Al10(aI2) o u D GND 4 [38]| Po.23

Al GND 64[30]| AI3(AI3+) T %o P0.22 5 |39]| Po.31

Al11 (AI3-) |[63[29]|| AIGND gg 5e P0.21 6 |40|| P0.29

AISENSE |[62]28]| Al4 (al44) L2 %;(‘ D GND 7 [41]| Po.20

Al12 (A4 [[61]27]] AlGND 5~ 8% +5V 8 [42]| Po.19

AI5(AI5+) |[60][26]| AI13(AlI5) o © D GND 9 [43]| Po.1s

Al GND 59| 25|| Al6 (Al 6+) @@ P0.17 10[44|| penD

Al14 (a6 |[58]24]| AlGND P0.16 11[45]| Po.26

A7 A7+ [[57]23]] Al15(AI7)  TERMINAL 68 _.{ (- TERMINAL 35 D GND 12[46]| Po.27

Al GND 56 22| NC D GND 13[47]| Po.11

e w21l ne TERMINAL 34 —H - TERMINALL o, 415]| Pois

NC 54[20]| NC D GND 15[49]| Po.10

D GND 53[19|| Po.4 P0.14 16[50]| pGnD

P0.0 52[18]| DGND P0.9 17[51]| Po.13

P0.5 51[17]| Po.1 D GND 18[52]| Pos

D GND 50| 16| Po.6 P0.12 19]53]| penD

P0.2 49|15]| DGND NC 20[54]| NC

P0.7 48| 1411 +5V TERMINAL 1 —H L TERMINAL 34 NC 21]55]1 NC

P0.3 47[13]| DGND \ NC 22(56 || AIGND

PFI11/P2.3 |[46]12|| DGND TERMINAL 35 —'i - TERMINAL 68 A131(A123-) |[23]57]| Al23(al23+)

Pri10/P22 |[45[11]| PRIOPLO Al GND 2458 || AI30 (Al 22

D GND 44]10]| PFI1PLL @ A22 (A1 22+4) |[25]59]| AleND

pri2iP12 |[43] 9]| penD 2 AI29 (AI21) |[26]60]| AlI21(al214)

PrI3PL3 |[42] 8| +5Vv Al GND 27 [61]| Al28(AI209)

priap14 |[41]7]| penD AI20 (A1 204) |[28]62]| AlISENSE 2

pri13/P25 |[40] 6 || PRISPLS Al GND 29[ 63]| Al27 (Al 19,

PFI15/P2.7 |[39] 5 || PRIEPLE Al19 (A1 194) |[30]64]| AlGND

pri7/P17 |[38] 4 ]| DenD AI26 (AI18-) |[31]65]| Al18 (al28+)

PrigP20 |[37] 3 ]| Prior21 Al GND 3266 || Al25(AI17-)

D GND 36| 2 || PFI12/P2.4 A7 ar17+) |[33]67]| alenp

D GND 35| 1 || PFi1aP2.6 Al24 (Al16-) |[34]68]| Al16(aI164)
NC = No Connect NC = No Connect

© National Instruments | A-13

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix A Module/Device-Specific Information

Table A-6. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6224 Important Links

Thefollowing list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6224 Specifications for more detailed information about
the PCI/PX1-6224 device.

e Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.

A-14 | ni.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



NI 6225

M Series User Manual

The following sections contain information about the PCI/PX1-6225, USB-6225 Screw
Terminal, and USB-6225 Mass Termination.

PCI/PXI-6225

PCI/PXI-6225 Pinout

Figure A-7 shows the pinout of the PCI/PXI-6225.

Figure A-7. PCI/PXI-6225 Pinout
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Appendix A Module/Device-Specific Information

Table A-7. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6225 Important Links

The following list contains links specific to your DAQ device:
e Specifications—Refer to the NI 6225 Specifications for more detailed information about
the PCI/PX1-6225 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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USB-6225 Screw Terminal

USB-6225 Screw Terminal Pinout
Figure A-8 shows the pinout of the USB-6225 Screw Terminal.
Figure A-8. USB-6225 Screw Terminal Pinout

M Series User Manual

AIO(AIOY) 1 ALB(AIO) A 19 (Al 19+) 33 Al 27 (A1 19-)
Al'9 (Al 1) Al 28 (Al 20-)
Al1(AI1+) 2 Al 20 (Al 20+) 34
Al 10 (Al 2-) Al 29 (Al 21.)
Al2(AI2+) 3 Al 21 (Al 21+) 35
Al 11 (Al 35 Al 30 (Al 22°)
Al3(AI3+) 4 Al 22 (Al 22+) 36
Al 12 (Al 4-) Al GND
Al4(Al4+) 5 Al GND 37
Al GND Al 31 (Al 239)
Al GND 6 Al 23 (Al 23+) 38
Al 13 (Al 5-) Al 40 (Al 32°)
Al5(AI5+) 7 Al 32 (Al 32+) 39
Al 14 (Al 6-) Al 41 (Al 33°)
Al (AIGY 8|S Al 33 (Al 33+) 40
S Al 15 (Al 7-) Al 42 (Al 34-)
A7TAITH 9IS Al 34 (Al 34+) 41
N Al 24 (Al 16°) Al 43 (Al 35.)
Al 16 (Al 16+) 10/ [ Al 35 (Al 35+) 42
N Al 25 (Al 17-) Al 44 (Al 36-)
Al17 (A1 17+) 11| [ Al 36 (Al 36+) 43
N Al 26 (Al 18-) Al SENSE 2
Al 18 (A1 18+) 12| S S Al GND 44 A 26 (4 379
Al GND 13/ IS =L Al 37 (Al 37+) 45 Tl
AISENSE 14 IS e oD Al 38 (Al 38+) 46 APAES
AOGND  15IS) ke Al 39 (Al 39+) 47 AESATE
AO 0 16| Al 48 (Al 48+) 48
IS IS
S N
S S
S S
S S
S S
S S
S N
S S
S S
S S
S [S AIST(AI49) oo o7 TS 113 PFI8/P2.0
N Al 58 (Al 50.) N 114 D GND
Al 50 (Al 50+) 66| IS PO.1 08| IS
N Al 59 (Al 51.) N 115 PFI9/P2.1
Al 51 (Al 51+) 67| S PO.2 99| IS
N Al 60 (Al 52-) N 116 D GND
Al 52 (Al 52+) 68| S P0.3 100| S
N Al 61 (Al 53-) N 117 PFI10/P2.2
Al 53 (Al 53+) 69| IS P0.4 101 S
N Al 62 (Al 54.) N 118 D GND
Al 54 (Al 54+) 70| S PO.5 102|[S
N Al 63 (Al 55.) N 119 PFI11/P2.3
Al 55 (Al 55+) 71| IS P0.6 103 S
N Al GND N 120 D GND
Al GND 72| IS P0.7 104 S
S Al 72 (Al 64-) S 121 PFI12/P2.4
Al 64 (Al 64+) 73[[S PFIO/PLO 105[[S)
N Al 73 (Al 65.) N 122 D GND
Al 65 (Al 65+) 74| [ PFIL/PLL 106] [S)
N Al 74 (Al 66-) N 123 PFI13/P25
Al 66 (Al 66+) 75| IS PFI2/P12 107 S
N Al 75 (Al 67-) N 124 D GND
Al 67 (Al 67+) 76| [S PFI3/PL3 108] S
N Al 76 (Al 68-) N 125 PFI14/P2.6
Al 68 (Al 68+) 77| S PFI4/PL4 109] S
N Al 77 (Al 69°) N 126 D GND
Al 69 (Al 69+) 78| [ PFI5PLS 110] S
N Al 78 (Al 70°) N 127 PFI15/P2.7
A0 (A1 704) 79 S ATSBIIN) pRIGPLE 111 “AMGEE
Al 71 (Al 71+) 80| [S) A7) bR 7p17 112|[S

NC = No Connect

© National Instruments | A-17

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix A Module/Device-Specific Information

Table A-8. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)

CTROSRC 113 (PFI 8)
CTR O GATE 115 (PFI 9)
CTROAUX 117 (PFI 10)
CTROOUT 121 (PFI 12)
CTROA 113 (PFI 8)
CTROZ 115 (PF1 9)
CTROB 117 (PFI 10)
CTR1SRC 108 (PFI 3)
CTR 1 GATE 109 (PFI 4)
CTR1AUX 119 (PFI 11)
CTR10UT 123 (PFI 13)
CTR1A 108 (PFI 3)
CTR1Z 109 (PFI 4)
CTR1B 119 (PFI 11)
FREQ OUT 125 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal

Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to

Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6225 Screw Terminal Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6225 Specifications for more detailed information about

the USB-6225 Screw Terminal device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED

Information, for information about the USB-6225 Screw Terminal LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6225 Screw Terminal.

e Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply

section of Chapter 2, DAQ System Overview, for more information.
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USB-6225 Mass Termination

USB-6225 Mass Termination Pinout
Figure A-9 shows the pinout of the USB-6225 Mass Termination device.
Figure A-9. USB-6225 Mass Termination Pinout

CONNECTOR 0 (Al 0-15) CONNECTOR 1 (Al 16-79)
/\ \“ STt /\
AIO(AIO+) |[68]34]| Al8(AIO-) \ /A6 (al16+) |[68]34] | Al24 (Al 169
Al GND 67 (33|| AIL(AIL+) \ i Al 25 (AI17+) || 67 |33 || AI17 (AI17+)
Al9(AlI1l-) ||66]32|| AIGND ‘\‘ / Al 26 (A 18-)) || 66 | 32 || Al 18 (Al 18+)
Al2(AI2+) ||65]|31]| AI10(AI2]) V4 K AI19 (A119+) || 65| 31|| Al27 (Al19-)
Al GND 64(30|| Al3(AI3+) ‘\‘ / Al 28 (A1 20-) ||64]30]|| Al20 (Al 20+)
Al11 (AI3-) ||63]|29|| AIGND | . AI29 (AI21-) ||63]29]| Al21(AlI21+)
Al SENSE 62|28 || Al4(Al4+) ;f ,ﬂ Al 22 (Al 22+) || 62| 28]| Al30 (Al22-)
Al12 (Al 4-) ||61]27|| AIGND H e AI31(AI23-) ||61]27]| Al23(Al23+)
A5 (AIS+) ||60]26|| AlI13(Al5-) ! " Al40 (AI32-) ||60]26]| Al32(Al32+)
Al GND 59 |25 || AI6 (Al6+) | AlI33 (AI33+) |59 25| Al41(AI33)
Al 14 (A1 6-) ||58|24|| AIGND Al 42 (AI34-) ||58| 24| Al34(Al34+)
A7 (AI7+) ||57]23|| AI15(AIT) \ Al43 (AI35-) |[57 |23 || AlI35(AI35+)
Al GND 56 (22| AOO “ AISENSE2 ||56|22|| AIGND
AO GND 55(21|| AO1 | AlI'36 (A 36+) |55 (21| Al44(Al36-)
AO GND 54(20|| NC | Al 45 (A137-) ||54|20]| Al37 (Al37+)
D GND 53(19|| P0.4 Vool Al46 (AI38-) ||53]19|| AI38(AI38+)
P0.0 52|18|| D GND “ \‘ AI39 (AI39+) |52 | 18| Al47 (Al39-)
P05 51(17|| Po.1 H ' AI56 (A148-) ||51]17 || Al48 (Al48+)
D GND 50| 16|| PO.6 | \ AIS7 (A149-) ||50| 16| Al49 (Al 49+)
PO.2 49(15|| DGND \__r_;: “ AI'50 (A 50+) |[49 | 15| Al58 (Al50-)
PO.7 48[ 14| +5V ! AI59 (AI51-) ||48| 14| Al51 (AlI51+)
P0.3 47[13|| DGND . AI60 (AI52-) ||47]13|| AI52(AI52+)
PFI11/P2.3 |[46 12| D GND | AI53 (AI53+) |46 | 12| Al61 (Al53-)
PFI10/P2.2 |[45|11|| PFIO/PL0O \ AI62 (AI54-) ||45]11|| Al54 (AlI54+)
D GND 44(10|| PFI1/PLL ~ AI63 (AI55-) ||44|10|| Al55 (Al 55+)
PFI2/P1.2 |[43] 9 || DGND I Al GND 43| 9 || AIGND
PFI3/P13 |[[42] 8 || +5V :@ Al64 (Al 64+) ||42] 8 || AIT72(Al64)
PFI4/P1.4 |[41] 7 || DGND /--.;?E _\‘ AI73 (AI65-) ||41] 7 || AIGB5 (AlI65+)
PFI13/P2.5 |[40| 6 || PFI5/PL5 ) ' Al 74 (AI66-) ||40] 6 || AlG6 (Al 66+)
PFI15/P2.7 |[39] 5 || PFIe/PL6 |/ . AI67 (AI67+) |[39] 5 || AI75(AI67-)
PFI7/P1.7 |[38] 4 || DGND T AI76 (AI68-) ||38] 4 || AlGS (Al 68+)
PFI8/P2.0 |[[37] 3 || PFIo/P2.1 ) ! AIT7 (A169-) ||37] 3 || AIGB9 (Al 69+)
D GND 36| 2 || PFI12/P2.4 / ' AITO(AI70+) ||36] 2 || AIT78(AI70-)
D GND 35| 1 || PFI14/P2.6 V' AIT9(AI71) |[35] 1 || AIT71(AIT714)
/ \
\/ ______________ ll R R \/
NC = No Connect
Table A-9. Default NI-DAQmx Counter/Timer Pins
Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTROGATE 3(PFI 9)
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Table A-9. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)

CTROA 37 (PFI 8)
CTROZ 3(PFI9)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PF1 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR18B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

Note For adetailed description of each signal, refer to the 7/0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6225 Mass Termination Important Links

The following list contains links specific to your DAQ device:

¢ Specifications—Refer to the NI 6225 Specifications for more detailed information about
the USB-6225 Mass Termination device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6225 Mass Termination LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6225 Mass

Termination.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories

section of Chapter 2, DAQ System Overview, for more information.
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The following sections contain information about the PCI/PX1-6229, USB-6229 Screw
Terminal, and USB-6229 BNC.

PCI/PXI-6229

PCI/PXI-6229 Pinout

Figure A-10 shows the pinout of the PCI/PXI-6229. The I/O signals appear on two 68-pin
connectors.

Figure A-10. PCI/PXI-6229 Pinout

A0 (Al0+) [[68]34]| Al8(Al0) P0.30 1 [35]|| DGND

Al GND 67 33| All(AIl+) P0.28 2 36| bGND

A9 (A1) [[e6[32]| AlGND P0.25 3 |37]| Po.24

A2 (AI24) [[es]31]] Al10(aI2) o 4 D GND 4 |38]| Po.23

Al GND 64 [30]| AI3(AIZH) £ LN P0.22 5 | 39| Po.31

Al11 (AI3) |[63[29]|| AIGND 5; 5a P0.21 6 |40|| P0.29

Al SENSE 62 28] | Al4(Al4+) L2 “ZJ;(' D GND 7 |41|| Po.20

Al12 (A4 [[61]27]| AlGND 8§ 5% +5V 8 42| po.19

A5 (AI5+) |[60]26]| Al13(AlI5) © © D GND 9 |43|| Po.18

Al GND 59| 25| Al6(Al6+) @@ P0.17 10[44]| pbenD

Al14 (A6 |[58]24]| AlGnD P0.16 11(45|| P0.26

A7 A7+ [[57]23]] Al15(AI7)  TERMINAL 68 _.{ (- TERMINAL 35 D GND 1246 || Po.27

Al GND 56 [22|| AOO D GND 13[47]| Po.11

O END s51211| Aot TERMINAL 34 —H - TERMINALL o 14]28]| Pois

AO GND 54[20]| NC D GND 15[ 49| Po.10

D GND 53[19|| Po.4 P0.14 1650 || DGND

P0.0 52[18]|| DGND PO.9 17[51|| P0.13

P05 51[17]| Po.1 D GND 18]52|| Po.8

D GND 50 |16 || P0.6 P0.12 19|53 || DGND

P0.2 49]15]| DGND NC 20 54| Ao GND

P0.7 481141 +5V TERMINAL 1 —H L TERMINAL34 AO3 21155 AOGND

P03 47]13]| poenD \ AO2 2256 || AIGND

PrI11/P23 |[46]12]|| DGND TERMINAL 35 —'i - TERMINAL 68 a131(A123-) |[23]57]| Al23(al23+)

PFI10/P2.2 |[45]11]| PFIoPLO Al GND 2458 || AI30 (Al 22

D GND 44|10|| PFILPLL @@ Al22 (A122+) || 25|59 || AlGND

PFI 2/P1.2 4319 D GND NN\ Al 29 (Al 21-) [[26]60 || Al21 (Al 21+)

PrI3PL3  |[42] 8| 45V Al GND 2761 ]| Al28 (al20)

PriaP1a |[41] 7 ]| boND A120 (A120+) [[28]62]| AISENSE2

PFI13/P25 |[40] 6 || PFISPLS Al GND 29[ 63| Al27 (A119-)

PFI15/P2.7 |[39] 5 || PFIePLe Al19 (A119+) [|30]64 ]| AlGND

pri7iP17 |[38] 4 || DGND Al26 (AI18-) |[31]65]|| Al18(Al28+)

prigP20 |[37] 3| PFIop21 Al GND 32[66]| Al25(AI17)

D GND 36| 2 || PFI12/P2.4 A7 (A117+) [[33]67]| AlGND

D GND 35| 1 || PFI14/P2.6 Al24 (A116-) [|34]68]| Al16(AI16+)
NC = No Connect NC = No Connect
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Table A-10. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6229 Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6229 Specifications for more detailed information about
the PCI/PX1-6229 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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USB-6229 Screw Terminal

USB-6229 Screw Terminal Pinout
Figure A-11 shows the pinout of the USB-6229 Screw Terminal.
Figure A-11. USB-6229 Screw Terminal Pinout

AIOAIOY) 1 17 Al4(Al4+) e (Al 16+) 33 49 Al 20 (Al 20+)
18 Al 12 (Al 4-) 50 Al 28 (Al 20-)
AI8(AIO-) 2 Al 24 (Al 16-) 34
N GIN, 3 19 AlIGND NGNS a5 51 Al GND
20 Al5 (Al 5+) 52 Al 21 (Al 21+)
All(Al1+) 4 Al 17 (Al 17+) 36
21 Al13 (Al 5-) 53 Al 29 (Al 21-)
A9 (All) 5 Al 25 (Al 17-) 37
Al GND 5 22 AIGND Al GND 38 54 Al GND
23 Al 6 (Al 6+) 55 Al 22 (Al 22+)
Al2 (Al 2+) 7 Al 18 (Al 18+) 39
24 Al 14 (Al 6-) 56 Al 30 (Al 22-)
Al10 (Al 2-) 8 Al 26 (Al 18-) 40
NGNS 9 25 Al GND NGNS i 57 Al GND
26 Al7 (Al 7+) 58 Al 23 (Al 23+)
Al 3 (Al 3+) 10 Al 19 (Al 19+) 42
27 Al15 (Al 7-) 59 Al 31 (Al 23-)
Al 11 (Al 3-) 11 Al 27 (Al 19-) 43
28 Al GND 60 Al GND
Al GND 12 29 NC Al GND 44 61 NC
Al SENSE 13 AISENSE 2 45
Al GND 14 2D A GIND Al GND 46 G2 Al END
AO 0 15 31 AC1 AO 2 47 63 AC3
AOGND 16 32 AO GND AO GND a8 64 AO GND
N S S
P0.0 PFI 8/P2.0 113 P0.24
P0.1 D GND 114 D GND
o2 PFI 9/P2.1 115 P0.25
P0.3 D GND 116 D GND
o4 PFI 10/P2.2 117 P0.26
PO.5 D GND 118 D GND
P0.6 PFI 11/P2.3 119 P0.27
P0.7 S D GND 120 D GND
PE| 0/P1.0 S PFI 12/P2.4 121 P0.28
PFl 1P1.1 S D GND 122 D GND
: N PFI 13/P2.5 123 P0.29
PFI 2/P1.2 S
PFI 3/P1.3 S D GND 124 D GND
: I PFI 14/P2.6 125 P0.30
PFI 4/P1.4 S
PFI 5/P1.5 N D GND 126 D GND
: I PFI 15/P2.7 127 P0.31
GRIGETS N +5V 128 D GND
PFI 7/P1.7 S
NC = No Connect NC = No Connect
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Table A-11. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 81 (PFI 8)
CTR O GATE 83 (PFI 9)
CTROAUX 85 (PFI 10)
CTROOUT 89 (PFI 12)
CTROA 81 (PFI 8)
CTROZ 83 (PFI 9)
CTROB 85 (PFI 10)
CTR1SRC 76 (PFI 3)
CTR1GATE 77 (PF1 4)
CTR1AUX 87 (PFI 11)
CTR10UT 91 (PFI 13)
CTR1A 76 (PFI 3)
CTR1Z 77 (PFI 4)
CTR1B 87 (PFI 11)
FREQ OUT 93 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal

Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6229 Screw Terminal Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6229 Specifications for more detailed information about

the USB-6229 Screw Terminal device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED

Information, for information about the USB-6229 Screw Termina LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6229 Screw Terminal.

e Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply

section of Chapter 2, DAQ System Overview, for more information.
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USB-6229 BNC

USB-6229 BNC Pinout
Figure A-12 shows the pinout of the USB-6229 BNC.
Figure A-12. USB-6229 BNC Top Panel and Pinout

DIGITAL AND TIMING I/0 POWER (+5V)

NI USB-6229
PFI 0/P1.0 PFI1/P1.1 PFI 2/P1.2 PFI3/P1.3 16 Inputs, 16-bit, 250 kS/s
O ultifunction 1/0 with
Correlated Digital I/O for USB
DIGITAL AND TIMING 1/0 O
PFl4/P1.4 PFI5/P1.5 PFI 6/P1.6 PFI 7/P1.7 USER 1 USER 2
NAME NAME
A USER 1
A N Pos
UsER 2 S
P0.9
bGND H
N ro.10
5V H
ANALOG OUTPUT H N Po.11
AOO AO1 A0 2 A03 D GND @ 1
| D GND
¥ ijmn :
H N Po.12
P01 H
H N Fo.13
Po.2 I
N ro.1e
P0.3 1
H N Fo.15
ANALOG INPUT D GND S H
| D GND
Po.4 1
N Fo.16
P0O.5 1
N Fo.17
P0.6 1
N Fo.18
P0.7 1
H N P19
D GND 1
H S oo
PFI 8/P2.0 @ 1
| P0.20
PFI 9/P2.1 ® 1
| Po.21
PFI 10/P2.2 @ 1
| P0.22
PFI 11/P2.3 @ 1
| P0.23
D GND 1
M @ D GND
PFI 12/P2.4 @ 1
= P0.24
PFI 13/P2.5 @ 1
| P0.25
PFI1 14/P2.6 @ 1
= P0.26
PFI 15/P2.7 @ 1
= P0.27
D GND 1
Hess N oonp
D GND 1
Hess N ro28
Al GND @ 1
= P0.29
Al SENSE @ 1
= P0.30
Al SENSE 2 —S 1
| P0.31
CHS GND N 1
cHS GND|
S O

‘7 NATIONAL
’ INSTRUMENTS
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Table A-12. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Name

CTROSRC PFI 8
CTRO GATE PFI 9
CTROAUX PFI 10
CTROOUT PFI 12
CTROA PFI 8
CTROZ PFI 9
CTROB PFI 10
CTR1SRC PFI 3
CTR 1 GATE PFI 4
CTR1AUX PFI 11
CTR10OUT PFI 13
CTR1A PFI 3
CTR1Z PFI 4
CTR1B PFI 11
FREQ OUT PFI 14

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6229 BNC Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6229 Specifications for more detailed information about
the USB-6229 BNC device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6229 BNC LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6229 BNC.

¢ Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply
section of Chapter 2, DAQ System Overview, for more information.
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PCI/PXI-6250 Pinout
Figure A-13 shows the pinout of the PCI/PXI-6250.
Figure A-13. PCI/PXI-6250 Pinout

)

Al0(Al0+) ||68][34]]AI8@l0)
Al GND 67 [ 33| | AL (Al 1+)
Al'9 (Al 1-) 66 [ 32| | AIGND
Al2(AI2+) |[65]31]|Al10(AI2)
Al GND 64 30| | Al 3 (Al 3+)
Al11 (AI3-) |[|63[29]|AIGND
Al SENSE 62 | 28| Al 4 (Al 4+)
Al12 (A4 |[61]27]| AlGND
Al'5 (AI5+) |]60[26]|Al13 (Al5-)

CONNECTOR 0
(Al 0-15)

Al GND 59 | 25| | Al 6 (Al 6+) @
Al'14 (Al 6-) ||58]|24||AlGND

A7 (AI7+) [[57]23||AI15(AI7-)  TERMINAL 68 i TERMINAL 34
Al GND 56 |22 || NC

NC 55|21|| NC

NC 54 |20 || APFI O

D GND 53|19 | P0o.4

P0.0 52|18 || D GND

P0.5 51(17 (| Po.1

D GND 50|16 || P0O.6

P0.2 49 | 15| | D GND

PO.7 48|14 || +5V

P0.3 47 13 || D GND

PFI11/P2.3 ||46|12|| D GND TERMINAL 35 = TERMINAL 1
PFI 10/P2.2 45 11| | PFI 0/P1.0

D GND 44|10 || PFI 1/P1.1 @
PFI 2/P1.2 43| 9 || DGND

PFI 3/P1.3 42 8 || +5V

PFI 4/P1.4 41| 7 || pGND

PFI 13/P2.5 40| 6 || PFI5/P1.5

PFI 15/P2.7 39| 5 || PFI6/PL1.6

PFI 7/P1.7 38| 4 || DGND

PFI 8/P2.0 37| 3 || PFIO/P2.1

D GND 36| 2 || PFI12/P2.4

D GND 35| 1 || PFI14/P2.6

~

NC = No Connect

© National Instruments | A-27

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix A Module/Device-Specific Information

Table A-13. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6250 Important Links

Thefollowing list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6250 Specifications for more detailed information about
the PCI/PX1-6250 device.

e Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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The following sections contain information about the NI PCI/PCle/PXI/PXIe-6251, USB-6251
Screw Terminal, USB-6251 BNC, and USB-6251 Mass Termination.

NI PCI/PCle/PXI/PXle-6251

NI PCI/PCle/PXI/PXle-6251 Pinout
Figure A-14 shows the pinout of the NI PCI/PCle/PX1/PX1e-6251.
Figure A-14. NI PCI/PCle/PXI/PXle-6251 Pinout

)

Ao (al0+) |[68]34]|AI8(al0)
Al GND 67 [33]| Al (Al 14)
Al'9 (Al 1-) 66 | 32 | | Al GND
Al2 (AI2+) |]65][31]]Al10 (Al2)
Al GND 6430 || Al 3 (Al 34)
Al11 (AI3-) ||63[29]|AIGND
Al SENSE 62 | 28 | | Al 4 (Al 44)
Al12 (A4 |[61]27]| AlGND
Al'5 (AI5+) |]60[26]|Al13 (Al5-)

CONNECTOR 0
(Al 0-15)

Al GND 59 | 25| | Al'6 (Al 64) @
Al14 (Al 6-) |[58 |24 || Al GND

A7 (AI7+) ||57[23]|| AI15(AI7)  TERMINAL 68 - TERMINAL 34
Al GND 56 |22 || A0 0O

AO GND 55|21||A01

AO GND 54 (20 || APFI O

D GND 53 (19| P0.4

P0.0 52|18 || D GND

P0.5 51(17 (| Po.1

D GND 50 |16 || P0.6

P0.2 49 | 15| | D GND

P0.7 48|14 || +5V

P0.3 47 | 13| | D GND

PFI11/P2.3 ||46|12||D GND TERMINAL 35 = TERMINAL 1
PFI 10/P2.2 45 (11| | PFI 0/P1.0

D GND 44 110 || PFI 1/P1.1 @
PFI 2/P1.2 43| 9 || DGND

PFI 3/P1.3 42| 8 ||+5v

PFI 4/P1.4 41| 7 || DGND

PFI 13/P2.5 40 | 6 || PFI5/P1.5

PFI15/P2.7 | |39 5 || PFI6/PL.6

PFI 7/P1.7 38| 4 || DGND

PFI 8/P2.0 37| 3 || PFIO/P2.1

D GND 36| 2 || PFI12/P2.4

D GND 35| 1 || PFI14/P2.6

[
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Table A-14. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal

Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to

Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

NI PCI/PCle/PXI/PXle-6251 Important Links

The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6251 Specifications for more detailed information about
the NI PCI/PCle/PX1/PX1e-6251 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories

section of Chapter 2, DAQ System Overview, for more information.

¢ PCI Express Disk Drive Power Connector—Refer to the RTST Connector Pinout Section

of Chapter 3, Connector and LED Information, for more information.
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USB-6251 Screw Terminal Pinout
Figure A-15 shows the pinout of the USB-6251 Screw Terminal.
Figure A-15. USB-6251 Screw Terminal Pinout

A0 (Al 0+) 1[[S Al 4 (Al 4+? G PFI 8/P2.0
AlS N Al 12 (Al 4-) D GND
(A0 21O Al GND Po.1 PFI 9/P2.1
Al GND 3| IS P0.2 :
AL N Al 5 (Al 5+) D GND
(Al1+) 41O Al 13 (Al 5-) P0.3 PFI 10/P2.2
- N :
A9 (AI1) 5§ P0.4
Al GND 6| IS AEHD P0.5 BICHD
NG _ Al 6 (Al 6+) : PFI 11/P2.3
(Al24) 71 Al14 (Al6) HO6 D GND
Al 10 (A1 2-) 8|S P0.7
I Al GND PFI 12/P2.4
Al GND 9IS PFI 0/P1.0
Al 3 (Al 3+) 10 S AT (AT pej1p11 BICHD
AlLL _ Al 15 (Al 7-) : PFI 13/P2.5
(AI13) 11§ PFI 2/P1.2
AIGND 12| Q'PEINC? PFI 3/P1.3 EF?’;'Z” .
AISENSE 13| S PFI 4/P1.4 :
AIGND 14| [S ANEND PFI 5/P1.5 BICHD
N AO 1 : PFI 15/P2.7
AO O 15( 1 PR PFI 6/P1.6 =
AOGND 16§ PFI 7/P1.7
Table A-15. Default NI-DAQmx Counter/Timer Pins
Counter/Timer Signal Default Pin Number (Name)
CTROSRC 81 (PFI 8)
CTROGATE 83 (PFI 9)
CTROAUX 85 (PFI 10)
CTROOUT 89 (PFI 12)
CTROA 81 (PFI 8)
CTROZ 83 (PFI 9)
CTROB 85 (PFI 10)
CTR1SRC 76 (PFI 3)
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Table A-15. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Pin Number (Name)
CTR1GATE 77 (PRI 4)
CTR1AUX 87 (PFI 11)
CTR10UT 91 (PFI 13)

CTR1A 76 (PFI 3)
CTR1Z 77 (PFI 4)
CTR18B 87 (PFI 11)
FREQ OUT 93 (PFI 14)

Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6251 Screw Terminal Important Links
The following list contains links specific to your DAQ device:

¢ Specifications—Refer to the NI 625x Specifications for more detailed information about
the USB-6251 Screw Terminal device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6251 Screw Terminal LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6229 Screw Terminal.

e Accessory Options—Refer tothe USB Device Accessories, USB Cable, and Power Supply
section of Chapter 2, DAQ System Overview, for more information.

A-32 | ni.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



M Series User Manual

USB-6251 BNC

USB-6251 BNC Pinout
Figure A-16 shows the pinout of the USB-6251 BNC.
Figure A-16. USB-6251 BNC Top Panel and Pinout

DIGITAL ANDTIMING 1/0 POWER (+5V)
PFI1PLT PFI2P12 PFI3P13 e NI USB-6251
8 Inputs, 16-bit, 1.25 MS/s
@) Multifunction /0 with
Correlated Digital I/ for USB

DIGITAL ANDTIMING I/0 O

PRI4P1A

APFI
APFIO

ANALOG OUTPUT

ANALOG INPUT

P0.7

D GND

PFI 8/P2.0

PRI 9/P2.1

PRI 10/P2.2

PFI11/P23

D GND

PRI 12/P2.4
PFI13P25
PRI 14/P26
PFI 15/P2.7
D GND
Floating Squrge (FS)
D GND

AIGND

- e
' T ' T
Al Ay
A=y A=y
T ' = '
1 FAIGND | ' '
'

'
1o NLE251, oo NLS2ST,

Al SENSE

N1 6251! 1 _Niezst ne

CHS GND

‘7 NATIONAL
' INSTRUMENTS
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Table A-16. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Name

CTROSRC PFI 8
CTRO GATE PFI 9
CTROAUX PFI 10
CTROOUT PFI 12
CTROA PFI 8
CTROZ PFI 9
CTROB PFI 10
CTR1SRC PFI 3
CTR 1 GATE PFI 4
CTR1AUX PFI 11
CTR10OUT PFI 13
CTR1A PFI 3
CTR1Z PFI 4
CTR1B PFI 11
FREQ OUT PFI 14

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6251 BNC Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6251 Specifications for more detailed information about
the USB-6251 BNC device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6251 BNC LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6251 BNC.

¢ Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply
section of Chapter 2, DAQ System Overview, for more information.
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USB-6251 Mass Termination Pinout
Figure A-17 shows the pinout of the USB-6251 Mass Termination device.
Figure A-17. USB-6251 Mass Termination Pinout

CONNECTOR 0 (Al 0-15)

e !

Alo(alo+) |[68]34]| A8 (alo-)
Al GND 67 |33|| AlIl(AI1+)
A9 (A1) ||66|32]| AIGND
Al2(A12+) |[65]31]| Al10al2)
Al GND 64|30 || Al3(Al3+)
Al11 (AI3-) ||63|29]|| AIGND
Al SENSE 62| 28| | Al4(Al4+) '
Al12 (Al 4-) ||61|27]|| AIGND b
A5 (AI5+) |[60]26]|| AlI13(Al5-) |
Al GND 59| 25| Al6 (Al 6+) |
Al14 (Al6-) ||58|24|| AIGND
A7 (AI7+) |[57]23]] AI15 (A7) \
Al GND 56|22|| A0O v
AO GND 55| 21| AO1 !
AO GND 54|20|| APFIO |
D GND 53| 19|| Po.4 \
P00 52[18|| DoND v
PO.5 51| 17| Po.1 |
D GND 50| 16| | P0.6 |
P0.2 49[15|| DGND P
PO.7 48|14|| +5Vv
P0.3 47|13|| DGND
PFI11/P2.3 |[46|12|| D GND
PFI10/P2.2 |[45]11|| PFIOPLO
D GND 44(10|| PFI1/PL.L
PFI 2/P1.2 43| 9 || DGND
PFI 3/P1.3 42| 8 || +5v
PFI 4/P1.4 41| 7 || DGND e
PFI13/P2.5 [[40| 6 || PFI5/PL5 K
PFI15/P2.7 ||39| 5 || PFI6/P16 I ,"
PFI 7/P1.7 38| 4 || DGND >
PFI 8/P2.0 37| 3 PFI 9/P2.1 /)
D GND 36| 2 || PFI12/P2.4 '
D GND 35| 1 || PFI14/P2.6
\/

Table A-17. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)

CTROSRC 37 (PFI 8)

CTROGATE 3(PFI 9)
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Table A-17. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Pin Number (Name)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)

CTROA 37 (PFI 8)
CTROZ 3(PFI9)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PF1 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR18B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

Note For adetailed description of each signal, refer to the 7/0 Connector Signal

Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to

Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6229 Mass Termination Important Links

The following list contains links specific to your DAQ device:

¢ Specifications—Refer to the NI 6229 Specifications for more detailed information about
the USB-6229 Mass Termination device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED

Information, for information about the USB-6229 Mass Termination LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,

Getting Started, for information about replacing the fuse on the USB-6229 Mass

Termination.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories

section of Chapter 2, DAQ System Overview, for more information.

A-36 | ni.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




M Series User Manual

NI 6254

PCI/PXI-6254 Pinout

Figure A-18 shows the pinout of the PCI/PX1-6254. The 1/0 signals appear on two 68-pin
connectors.

Figure A-18. PCI/PXI-6254 Pinout

— ) (T
Al0(Al0+) |[68]34]] A8 (A0 P0.30 1]35]| DGND
Al GND 67|33 || Al'1(Al1+) P0.28 2 [36]| DGND
A9 (AI1-) [[66]32]| AlGND P0.25 3 [37]| Po.24
A2 (AI24) [[65]31]] A110 (a2 o o D GND 4 |38 P0.23
Al GND 6430 || AI3(AI3*) g@ o P0.22 5 [39]| Po.31
Al11 (AI3-) [[63]29 || AIGND 57 0@ P0.21 6 |40|| P0.29
Al SENSE 62 28| Al 4 (Al 4+) “212 g D GND 7 [41]]| Po.20
Al12 (Al14-) [[61]27]] AlanD E g$ +5V 8 [42]| Po.19
A5 (AI5+) [[60]26 ]| AI13 (AI5-) o © D GND 9 [43]| Po.18
Al GND 5925 || Al6 (Al 6+) @ @ P0.17 10|44 || DGND
Al14 (Al6-) |[58]24 ]| AlGND P0.16 11[ 45| Po.26
A7 A7+ |[57]23] A115(AI 79 TERMINAL 68 —beis ||| (36— TERMINAL 35 D GND 12|46 || Po.27
Al GND 5622 | NC 4 D GND 13|47 Po.12
e == 1211| N TERMINAL 34 —H H TERMINAL T ey, TaTas1| Po1s
NC 54(20 || APFIO D GND 15 (49| Po.10
D GND 53] 19| P04 PO.14 1650 || D GND
P0.0 52[18]| DGND P0.9 17 51| Po.13
PO.5 51[17]| Po.1 D GND 18]52]| Po.8
D GND 50|16 || PO.6 P0.12 1953 || D GND
P02 49]15|| DGND APFI 1 20|54 ]| NC
b |[efms|[oonp  TERMMALE N [ TERamac s (2 2215 ]| a oo
PFI11/P2.3 |[46]12]| DGND TERMINAL 35 —"i = - TERMINAL 68 131 (A123-) [[23]57]| AI23 (Al 23+)
Pri10/P22 |[45]11]| PFIOPLO Al GND 2458 ]| Al 30 (Al 22-)
D GND 44]10|| PRI PLL @ @ A122 (A1 22+) | [2559 ]| Al GND
Pri2ip12 |[43] 9 || DoND N Al 29 (Al 21-) |[26]60 ]| Al 21 (Al 21+)
Pri3P13  |[42] 8 || +5V Al GND 27|61 || Al 28 (Al 20-)
PFI4P14 |[41] 7 || DoND Al20 (A1 204) | [2862]| Al SENSE 2
PFI13/P2.5 |[40] 6 || PFI5/PLS Al GND 29|63 ]| Al 27 (A 19-)
PFI15/P2.7 |[39] 5 || PRI6/PLE AI19 (A1 19+) [ [30(64]| AIGND
pri7/P1.7 |[38] 4 || DGND Al 26 (Al 18-) | [31]65 || Al 18 (Al 28+)
PrigP20 |[37] 3 || PRior21 Al GND 3266 || Al 25 (Al 17-)
D GND 36| 2 || PFI12/P2.4 Al17 (A117+) | [33]67 ]| AlGND
D GND 35[ 1 || PFI14/P26 Al 24 (A116-) || 34]68]| Al 16 (Al 16+)
\/ \/
NC = No Connect NC = No Connect
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Table A-18. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6254 Important Links

Thefollowing list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6254 Specifications for more detailed information about
the PCI/PX1-6254 device.

e Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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The following sections contain information about the PCI/PX1-6255, USB-6255 Screw
Terminal, and USB-6255 Mass Termination.

PCI/PXI-6255

PCI/PXI-6255 Pinout
Figure A-19 shows the pinout of the PCI/PXI-6255.
Figure A-19. PCI/PXI-6255 Pinout

A0 (Al0+) |[68]34]| A8 (AlO-) A71(ar7a4) |[ 1 [35]| Al79 (al71-)
Al GND 67|33 || Al'l (Al 1+) Al 78 (Al 70-) 2 |36 Al 70 (Al 70+)
Al9 (Al 1-) 66|32 || AlIGND Al 69 (Al 69+) 3 |37 Al 77 (Al 69-)
Al2 (Al2+) [|65]31| AI10 (Al 2-) o 4 AlI68 (AI68+) || 4 [38]| AIT76 (Al 68-)
Al GND 6430 || Al 3 (Al 3+) % . % > Al 75 (Al 67-) 5 (39 Al 67 (Al 67+)
Al11 (AI3-) [[63]29]| AlGND 595 5 AI66 (A166+) || 6 [40]| Al74 (Al 66-)
Al SENSE 62|28 || Al 4 (Al 4+) % ; % bl Al 65 (Al 65+) 7 |41 Al 73 (Al 65-)
Al12 (Al 4-) |[61]27 || AIGND 2= 3 < Al 72 (AI64-) || 8 [42| Al64 (Al 64+)
Al'5 (Al 5+) 60|26 || Al 13 (Al 5-) O O Al GND 9 [43|| AIGND
Al GND 5925 || Al6 (Al 6+) R (R AI55 (A155+) [[10]44]| Al63 (AlI55
( )
Al 14 (Al 6-) || 58|24 || Al GND Al 54 (Al 54+) 11|45 Al 62 (Al 54-)
AT (AI7+) | [57]23 || AI15 (A7) TERMINAL 68 _“/“ ’\"__ TERMINAL 35 AI6L(AI53-) [[12]46 || AI53 (Al 53+)
Al GND 56|22 || AOO ; E Al 52 (Al 52+) 13 | 47 Al 60 (Al 52-)
AO GND 55[21|| AO1 TERMINAL 34 —1 M~ TERMINAL 1 A151 (AI51+) |14 [48]| AI59 (AI51-)
AO GND 54120 || APFIO Al 58 (Al 50-) 15|49 Al 50 (Al 50+)
D GND 53|19 P0.4 Al 49 (Al 49+) 16 | 50 Al 57 (Al 49-)
P0.0 52|18 || DGND Al 48 (Al 48+) [| 17 |51 (| Al 56 (Al 48-)
P0.5 51|17 PO.1 Al 47 (Al 39-) 18 | 52 Al 39 (Al 39+)
D GND 50|16 P0.6 Al 38 (Al 38+) 19 | 53 Al 46 (Al 38-)
P0.2 49|15 D GND Al 37 (Al 37+) (|20 |54 Al 45 (Al 37-)
P0.7 48|14 (| +5V TERMINAL 1 TERMINAL 34 Al 44 (Al 36-) || 21|55 Al 36 (Al 36+)
P0.3 4713 || D GND i Al GND 22|56 || Al SENSE 2
PFI 11/P2.3 46|12 || D GND TERMINAL 35 —-Ih\' H— TERMINAL 68 Al 35 (Al 35+) [[23 |57 || Al43 (Al 35-)
PF110/P2.2 45|11 || PFI0/P1.0 Al 34 (Al 34+) || 24|58 || Al42 (Al 34-)
D GND 44110 PFI 1/P1.1 @ @ Al 41 (A133-) || 25|59 Al 33 (Al 33+)
PFI 2/P1.2 43| 9 D GND Al 32 (Al 32+) (| 26 | 60 Al 40 (Al 32-)
PFI 3/P1.3 42| 8 +5V Al 23 (Al 23+) || 27 |61 Al 31 (Al 23-)
PFl 4/P1.4 41| 7 D GND Al 30 (Al122-) (|28 |62 | Al22 (Al 22+)
PFI 13/P2.5 40| 6 PFI 5/P1.5 Al 21 (Al 21+) [| 29 |63 Al 29 (Al 21-)
PFI 15/P2.7 39| 5 PFI 6/P1.6 Al 20 (Al 20+) (|30 | 64 Al 28 (Al 20-)
PFI 7/P1.7 38| 4 D GND Al 27 (A119-) [| 31|65 Al 19 (Al 19+)
PFI 8/P2.0 37| 3 PFI 9/P2.1 Al 18 (Al 18+) || 32|66 || Al 26 (Al 18-)
D GND 36| 2 PFI 12/P2.4 Al'17 (Al 17+) [[33 |67 || AlI25 (Al 17-)
D GND 35| 1 PFI 14/P2.6 Al 24 (Al 16-) || 34 |68 Al 16 (Al 16+)

NC = No Connect

© National Instruments | A-39

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix A Module/Device-Specific Information

Table A-19. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6255 Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6255 Specifications for more detailed information about
the PCI/PX1-6255 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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USB-6255 Screw Terminal Pinout
Figure A-20 shows the pinout of the USB-6255 Screw Terminal.
Figure A-20. USB-6255 Screw Terminal Pinout

AIO(AIOY) 1 ALB(AIO) 119 (Al10+) 33 Al 27 (A 19-)

Al 9 (Al 1) Al 28 (Al 20.)
Al1(AI1+) 2 Al 20 (Al 20+) 34

Al 10 (Al 2-) Al 29 (Al 21.)
Al2(AI2+) 3 Al 21 (Al 21+) 35

Al 11 (Al 3 Al 30 (Al 22.)
Al3(AI3+) 4 Al 22 (Al 22+) 36

Al 12 (Al 4-) Al GND
Al4(AI4+) 5 Al GND 37

Al GND Al 31 (Al 23))
Al GND 6 Al 23 (Al 23+) 38

Al 13 (Al 5) Al 40 (Al 32.)
Al5(AISY) 7 Al 32 (Al 32+) 39

Al 14 (Al 6-) Al 41 (Al 33.)
A6 (Al6+) 8 Al 33 (Al 33+) 40

Al 15 (Al 7-) Al 42 (Al 34.)
AI7T(AITH 9 Al 34 (Al 34+) 41

Al 24 (Al 16°) Al 43 (Al 35.)
Al 16 (Al 16+) 10 Al 35 (Al 35+) 42

Al 25 (Al 17-) Al 44 (Al 36.)
Al 17 (Al 17+) 11 Al 36 (Al 36+) 43

Al 26 (Al 18°) Al SENSE 2
Al 18 (Al 18+) 12 Al GND 44

Al GND Al 45 (Al 37-)
Al GND 13 Al 37 (Al 37+) 45

APFI 0 Al 46 (Al 38.)
AISENSE 14 VAR Al 38 (Al 38+) 46 APERARS
AOGND 15 o Al 39 (Al 39+) 47 <L (AI 48)
AO 0 16 Al 48 (Al 48+) 48] (EIEED

§
S
N
S
IS
’\}‘
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S
N
S
i
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’\}‘
S
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S
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PP DDPDDDR DR DDDD|
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2

Al 49 (Al 49+) 65 AIS7 (AI49-) o0 97 113 PFI 8/P2.0
Al 58 (Al 50-) 114 D GND
Al 50 (Al 50+) 66 PO.1 98
Al 59 (Al 51-) 115 PFI9/P2.1
Al 51 (Al 51+) 67 P0.2 99
Al 60 (Al 52-) 116 D GND
Al 52 (Al 52+) 68 P0.3 100
Al 61 (Al 53-) 117 PFI 10/P2.2
Al 53 (Al 53+) 69 P0.4 101
Al 62 (Al 54-) 118 D GND
Al 54 (Al 54+) 70 PO.5 102
Al 63 (Al 55-) 119 PFI11/P2.3
Al 55 (Al 55+) 71 P0.6 103
Al GND 120 D GND
Al GND 2 AI72 (Al6a) o7 104 S 121 PFI12/P2.4
Al 64 (Al 64+) 73 PFIO/P1.0 105[ S :
Al 73 (Al 65-) N 122 D GND
Al 65 (Al 65+) 74 PFI1/P11 106 S
Al 74 (Al 66-) X 123 PFI 13/P2.5
Al 66 (Al 66+) 75 PFI2/P1.2 107 [
Al 75 (Al 67-) N 124 D GND
Al 67 (Al 67+) 76 PFI3/P1.3 108 S
Al 76 (Al 68-) N 125 PFI 14/P2.6
Al 68 (Al 68+) 77 PFI4/P1.4 109 S
Al 77 (Al 69-) N 126 D GND
Al 69 (Al 69+) 78 PFI5/P15 110/ S
Al 78 (Al 70-) N 127 PFI15/P2.7
Al 70 (A 70+) 79 Alvo (Al 71y PRIGPLE 1111 198 15y
Al 71 (Al 71+) 80 PRI7/PLY 112
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Table A-20. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)

CTROSRC 113 (PFI 8)
CTR O GATE 115 (PFI 9)
CTROAUX 117 (PFI 10)
CTROOUT 121 (PFI 12)
CTROA 113 (PFI 8)
CTROZ 115 (PF1 9)
CTROB 117 (PFI 10)
CTR1SRC 108 (PFI 3)
CTR 1 GATE 109 (PFI 4)
CTR1AUX 119 (PFI 11)
CTR10UT 123 (PFI 13)
CTR1A 108 (PFI 3)
CTR1Z 109 (PFI 4)
CTR1B 119 (PFI 11)
FREQ OUT 125 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal

Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to

Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6255 Screw Terminal Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6255 Specifications for more detailed information about

the USB-6255 Screw Terminal device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED

Information, for information about the USB-6255 Screw Termina LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6255 Screw Terminal.

e Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply

section of Chapter 2, DAQ System Overview, for more information.
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USB-6255 Mass Termination Pinout
Figure A-21 shows the pinout of the USB-6255 Mass Termination device.
Figure A-21. USB-6255 Mass Termination Pinout

CONNECTOR 0 (Al 0-15) CONNECTOR 1 (Al 16-79)
/\ \“ ;T /\
A0 (AIO+) |[68]34]| AI8(AlOD) \ /A6 (Al 16+) |[68]34] | Al24 (Al 16
Al GND 67 [33]| AIL(AILl+) | /  AI25(AI17-) |[67[33]| AI17 (AI17+)
Al9(AI1-) |[[66]32]| AIGND ! Al 26 (AI18-) |[66]32 | AlI18(Al18+)
Al2 (Al2+) ||65[31]| Al10(AI2) L ! Al'19 (A1 19+) | [65 |31 || AlI27 (AI19-)
Al GND 64 (30| | AI3(AI3+) \‘ Al 28 (A120-) |[64 30| AlI20(Al20+)
Al11(AI3-) |[63[29|| AIGND ! . Al 29 (AI21-) |[6329]| AlI21(Al21+)
Al SENSE 62 | 28| Al4 (Al 4+) ;f , Al22 (A1 22+) |[62 28| AlI30(Al22-)
Al12 (Al4-) |[61[27]|| AIGND 1 ﬂ AI31(AI23-) |[61]27 | AlI23(AI23+)
A5 (AI5+) |[60][26]| Al13(AI5) ! —r Al40 (AI32-) |[60 26| AlI32(AI32+)
Al GND 59 [ 25| Al6 (Al 6+) ! Al 33 (A1 33+) |[59 | 25| Al41(AI33-)
Al 14 (Al6-) |[58|24|| AIGND Al 42 (AI34-) |[58| 24| AlI34(AlI34+)
A7 (AI7+) |57 [23]]| AI15(AIT) \ Al43 (AI35-) |[57 23| AlI35(AI35+)
Al GND 56 [22|| AOO AISENSE 2 |[56|22[| AlIGND
AO GND 55[21|| AO1 | Al 36 (A 36+) |[55 21| Al44 (Al36-)
AO GND 54 [20|| APFIO \ Al45 (AI37-) |[54|20]| AI37(AI37+)
D GND 53[19|| Po.4 [ Al46 (AI38-) |[53 19| Al38(AI38+)
P0.0 52|18|| DGND | AlI39 (AI39+) |[52 18| AlI47 (AI39-)
P05 51[17|| Po.1 | ' AI56 (A148-) |[51 |17 || Al48 (Al48+)
D GND 50 [ 16| P0.6 | | AI57 (A149-) |[50 16| AlI49 (Al49+)
PO.2 49 [15|| DGND Fj AI'50 (AI50+) |[49 15| AI58 (Al50-)
PO.7 48] 14| +5Vv ! AI59 (AI51-) |[48] 14| AI51(AI51+)
P0.3 47[13|| DGND . AI60 (AI52-) |[47 |13 || AI52 (AI52+)
PFI11/P2.3 ||46[12|| D GND | AI'53 (AI53+) |[46 |12 || AlI6L(AI53-)
PFI10/P2.2 |[45|11|| PFIO/PLO \ Al62 (AI54-) |[45]|11|| AlI54 (Al54+)
D GND 44 [10|| PFI1/P1.1 Al 63 (AI55-) |[44 10| AIS5S5 (Al55+)
PFI2/P1.2 |[43] 9 || DGND I Al GND 43[ 9 || AIGND
PFI3P13 |[42] 8 || +5V :@ Al'64 (Al 64+) |[42] 8 || AI72(Al64-)
PFI4/P1.4 ||41] 7 || DGND S _\‘ Al 73 (AI65-) |[41] 7 || AI65 (Al65+)
PFI13/P25 |[40] 6 || PFISPLS K ' Al 74 (AI66-) |[40| 6 || AlIG66 (Al 66+)
PFI15/P2.7 |[39] 5 || PFIe/PLE |/ Al 67 (AI67+) |[39] 5 || AI75(AI67-)
PFI7/P1.7 |[38] 4 || DGND — Al 76 (AI68-) |[38] 4 || AlIG6S8 (Al68+)
PFI8/P2.0 |[37] 3 || PFIg/P2.1 / AI77 (A169-) |[37] 3 || AI69 (AI69+)
D GND 36| 2 || PFI12/P2.4 / H AI'70 (A1 70+) (36| 2 || AI78 (Al 70-)
D GND 35| 1 || PFI14/P2.6 L AIT9(AI71) [|35] 1 || AIT7L(AITLH)
. \
\/ ______________ ll B LT \/
Table A-21. Default NI-DAQmx Counter/Timer Pins
Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PF1 8)
CTROGATE 3(PFI 9)
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Table A-21. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)

CTROA 37 (PFI 8)
CTROZ 3(PFI9)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PF1 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR18B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

Note For adetailed description of each signal, refer to the 7/0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6255 Mass Termination Important Links

The following list contains links specific to your DAQ device:

¢ Specifications—Refer to the NI 6255 Specifications for more detailed information about
the USB-6255 Mass Termination device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6255 Mass Termination LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6255 Mass

Termination.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories

section of Chapter 2, DAQ System Overview, for more information.
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NI 6259

The following sections contain information about the NI PCI/PCle/PXI/PXIe-6259, USB-6259
Screw Terminal, USB-6259 BNC, and USB-6259 Mass Termination.

NI PCI/PCle/PXI/PXle-6259

NI PCI/PCle/PXI/PXle-6259 Pinout

Figure A-22 shows the pinout of the NI PCI/PCle/PX1/PX1e-6259. The I/O signals appear on
two 68-pin connectors.

Figure A-22. NI PCI/PCle/PXI/PXle-6259 Pinout

— ) (T~

Al0(Al0+) |[68]34]| AI8(AIO) P0.30 1 [35]| DGND

Al GND 67 33| AI1(AI1Y) P0.28 2 |36 || DGND
A9 A1) |[e6]32]| AlGND P0.25 3 [37]| Po.2a
Al2(AI24) [[65]31]| Al10(AI2-) o o D GND 4 [38]] Po.23

Al GND 64[30]| AI3(AI3H 5o = P0.22 5 [39]| Po.31

Al 11 (AI3-) || 63|29 || AIGND 5o '53 P0.21 6 140 || P0.29
AISENSE  |[62]28]| Al4(alas) ‘-'242 g2- D GND 7 [41]| Po.20

Al12 (Al 4-) |[61]27]| AlGND z= z< +5V 8 [42]| Po.19

A5 (AI5+) [[60[26]| AlI13(AI5-) o © D GND 9 [43]| Po.18

Al GND 59| 25|| Al6 (A6 @ @ P0.17 10 [44 ]| DD
Al14 (Al6-) |[58]24]| AlGND P0.16 11 (45| Po.26

A7 AT+ |[57]23]| AI15(AI7-)  TERMINAL 68 _1.{ (% TERMINAL 35 D GND 1246 || PO.27

Al GND 56[22|| A0O D GND 13 [47| Po.11
TOED w5 1211| o1 TERMINAL 34 —H - TERMINALL oy, 2 ]28]| Po.15

AO GND 54[20]| APFIO D GND 15 [49 || Po.10

D GND 53[19]| P04 PO.14 16 [50 | | D GND

P0.0 52[18]| DGND P0.9 17 [51]| Po.13

P0.5 51[17]| P01 D GND 18[52]| Po.s

D GND 50[16|| P06 P0.12 19 (53| D GND

P0.2 49[15]| pbGND APFI 1 20 [54 | Ao GND
Po.7 4811411 +5V TERMINAL 1 —H - TERMINAL 34 A0S 21 {55 | L/AO.GND
P0.3 47]13]| peND \ AO 2 22[56 || AIGND
PrI11/P2.3 |[46]12]| DGND TERMINAL 35 —"i‘  TERMINAL 68 |31 (a1 23-) | [23]57 || Al 23 (Al 23+)
PFI10/P22 |[45]11]| PFIoPLO Al GND 24 (58 | | Al 30 (Al 22-)
D GND 44]10]| PRIL/PLL @_ @_ AI22 (A1 22+) |[25 |59 | | Al GND
pri2ip12  |[43] 9 || DoND NN AI29 (A1 21-) |[26]60 || Al 21 (Al 21+)
Pri3pP13 |[42] 8[| +5V Al GND 27 61| Al 28 (a1 20-)
PFi4p14 |[41] 7 || DoND AI20 (A1204) |[28]62]| Al sENSE 2
PFi13/P25 |[40] 6 || PRIBPLS Al GND 29 [63 ]| Al27 (A1 199
PFI15/P2.7 |[39] 5 || PFi6PLE AI19 (A119+) |[30[64 || AlGND
pri7/P17 |[38] 4 || DGND Al 26 (Al 18-) |[31]65 || Al18 (Al 28+)
prigP20 |[37] 3| PRioP21 Al GND 32 [66 || Al 25 (aI172)
D GND 36| 2 || PRI12/P2.4 AI17 (A117+) | {3367 || AlGND

D GND 35] 1 || PRI14/P26 Al 24 (A116-) |[34]68 ]| Al 16 (Al 16+)

\/ /
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Table A-22. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

NI PCI/PCle/PXI/PXle-6259 Important Links

The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6259 Specifications for more detailed information about
the NI PCI/PCle/PX1/PX1e-6259 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories

section of Chapter 2, DAQ System Overview, for more information.

¢ PCI Express Disk Drive Power Connector—Refer to the RTST Connector Pinout Section

of Chapter 3, Connector and LED Information, for more information.
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USB-6259 Screw Terminal

USB-6259 Screw Terminal Pinout
Figure A-23 shows the pinout of the USB-6259 Screw Terminal.
Figure A-23. USB-6259 Screw Terminal Pinout

ALO(AIO) 1 17 A4 (AL4%) e ) 164) 33 49 Al 20 (Al 20+)
18 Al 12 (Al 4-) 50 Al 28 (Al 20-)
AI8(AIO) 2 Al 24 (Al 16-) 34
19 Al GND 51 Al GND
Al GND 3 Al GND 35
20 Al5 (Al 5+) 52 Al 21 (Al 21+)
All(Al1+) 4 Al 17 (Al 17+) 36
21 Al 13 (Al5-) 53 Al 29 (Al 21-)
AI9(AILl) 5 Al 25 (Al 17-) 37
22 AIGND 54 Al GND
Al GND 6 Al GND 38
23 Al 6 (Al 6+) 55 Al 22 (Al 22+)
Al2 (AI2+) 7 Al 18 (Al 18+) 39
24 Al 14 (Al 6-) 56 Al 30 (Al 22-)
AI10 (AI2-) 8 Al 26 (Al 18-) 40
25 Al GND 57 Al GND
Al GND 9 Al GND 41
26 Al7 (Al 7+) 58 Al 23 (Al 23+)
Al 3 (Al 3+) 10 Al 19 (Al 19+) 42
27 Al 15 (Al 7-) 59 Al 31 (Al 23)
Al 11 (Al 3-) 11 Al 27 (A1 19-) 43
28 Al GND 60 Al GND
AIGND 12 Al GND 44
29 APFIO 61 APFI1
AI SENSE 13 AISENSE2 45
AIGND 14 S0 AIGND Al GND 46 62 AIGND
31 AO1 63 AO3
AC0 Ls 32 AO GND AO2 A 64 AO GND
AOGND 16 AO GND 48
S S 5
N S S
=0 PFI 8/P2.0 113 P0.24
P0.1 D GND 114 D GND
o2 PFI 9/P2.1 115 P0.25
P0.3 D GND 116 D GND
o4 PFI 10/P2.2 117 P0.26
PO.5 D GND 118 D GND
PO.6 PFI 11/P2.3 119 P0.27
P0.7 S D GND 120 D GND
T S PFI 12/P2.4 121 P0.28
PFl 1P1.1 S D GND 122 D GND
: N PFI 13/P2.5 123 P0.29
PFI 2/P1.2 S
PFI 3/P1.3 S D GND 124 D GND
: N PFI 14/P2.6 125 P0.30
PFI 4/P1.4 S
PFI 5/P1.5 N D GND 126 D GND
: N PFI 15/P2.7 127 P0.31
PFI6/P1.6 N +5V 128 D GND
PFI 7/P1.7 S
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Table A-23. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 81 (PFI 8)
CTR O GATE 83 (PFI 9)
CTROAUX 85 (PFI 10)
CTROOUT 89 (PFI 12)
CTROA 81 (PFI 8)
CTROZ 83 (PFI 9)
CTROB 85 (PFI 10)
CTR1SRC 76 (PFI 3)
CTR1GATE 77 (PF1 4)
CTR1AUX 87 (PFI 11)
CTR10UT 91 (PFI 13)
CTR1A 76 (PFI 3)
CTR1Z 77 (PFI 4)
CTR1B 87 (PFI 11)
FREQ OUT 93 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal

Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6259 Screw Terminal Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 625x Specifications for more detailed information about

the USB-6259 Screw Terminal device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED

Information, for information about the USB-6259 Screw Termina LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6259 Screw Terminal.

e Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply

section of Chapter 2, DAQ System Overview, for more information.
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USB-6259 BNC

USB-6259 BNC Pinout
Figure A-24 shows the pinout of the USB-6259 BNC.
Figure A-24. USB-6259 BNC Top Panel and Pinout

DIGITAL AND TIMING /0 POWER (+5 V) NI USB-6259

PFIOP10 PFI1P1A PFI2P12 PFIGP13 16 Inputs, 16-bit, 125 MS/s
ultifunction /0 with
Correlated Digital I/O for USB

DIGITAL AND TIMING /0

PFI4/P14 PFI5P1S PFIGP16 PFI7P1T USER 1 USER 2

NAME NAME
APFI
APFIO APFIT

P08
USER 2
P09
DGND H
Po.10
w5V =
ANALOG OUTPUT [ [ [ po-1e
A00 A01 a02 #03 peno 1
DGND
PO.0 H
Po.12
PO =
Po.13
o2 H
Po.1e
Po.3 =
He= || rors
ANALOG INPUT D GND H
H DGND
Po.4

[0 |[ rore
0| o7
Po.13

= I || pore
DGND -
- DGND
PFI8/P2.0 -
He== I || po20
PRI GP2.1 -
He== 021
PFI 10/P2.2 -
H 022
PFI11/P2.3 —
= 023
DGND -
e DGND
PFI 12/P2.4 —
H 024
PFI 13/P2.5 —
— P0.25
PFI 14/P2.6 -
— P0.26
PFI 15/P2.7 —2

Po.27

DGND H
— DGND

D GND =
— Po.28

AIGND =
- Po.29

Al SENSE H
— P0.30

Al SENSE 2 =

= I || poss
CHS GND H
- CHS GND)

O

INSTRUMENTS

y NATIONAL
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Table A-24. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Name

CTROSRC PFI 8
CTRO GATE PFI 9
CTROAUX PFI 10
CTROOUT PFI 12
CTROA PFI 8
CTROZ PFI 9
CTROB PFI 10
CTR1SRC PFI 3
CTR 1 GATE PFI 4
CTR1AUX PFI 11
CTR10OUT PFI 13
CTR1A PFI 3
CTR1Z PFI 4
CTR1B PFI 11
FREQ OUT PFI 14

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6259 BNC Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6259 Specifications for more detailed information about
the USB-6259 BNC device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6259 BNC LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6259 BNC.

¢ Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply
section of Chapter 2, DAQ System Overview, for more information.
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USB-6259 Mass Termination

USB-6259 Mass Termination Pinout
Figure A-25 shows the pinout of the USB-6259 Mass Termination device.
Figure A-25. USB-6259 Mass Termination Pinout

CONNECTOR 0 (Al 0-15) CONNECTOR 1 (Al 16-31)
/\ | e /\
' 1
A0 (AIO+) [[68]34]| Al8(AIOD) \ / AI16(AI16+) |68 34| Al24 (Al 16)
Al GND 67 [33]| AIL(AILl+) \ i Al GND 67 (33| AI17 (AI17+)
\ 1
Al9(AI1-) |[6632]| AIGND ! ; Al25 (AI17-) |[66]32|| AIGND
Al2 (Al 2+) ||65[31]| Al10(AI2) L ; Al'18 (Al 18+) | [65 |31 || AlI26 (Al 18-)
Al GND 64(30|| Al3(AI3+) ‘\‘ Al GND 64 (30| Al19 (Al 19+)
Al11 (AI3-) ||63]|29|| AIGND ! . Al 27 (A119-) ||63]|29|| AIGND
Al SENSE 62 | 28| Al4 (Al 4+) ;f , AISENSE 2 |[62]28|| AlI20 (Al20+)
Al12 (Al4-) |[61[27]| AIGND 1 e Al 28 (AI20-) ||61]27|| AIGND
A5 (AIS+) ||60]26|| AlI13(Al5-) ! — Al 21 (Al 21+) |[60 | 26| Al29 (Al 21-)
Al GND 59 [ 25| | Al6 (Al 6+) | Al GND 59 [ 25| Al22 (Al 22+)
Al 14 (AI6-) |[58|24|| AIGND AI30 (Al 22-) |[58 24| AIGND
A7 (AI7+) |57 [23]]| AI15 (A7) \ Al 23 (A1 23+) |[57 |23 ][ AI31(AI23)
\
Al GND 56 [22|| AOO ! Al GND 56 [22|| AO2
AO GND 55(21|| AO1 | AO GND 55[21|| AO3
AO GND 54 20| | APFIO | AO GND 54 [20|| APFI1
D GND 53(19|| P0.4 ‘\‘ - D GND 53[19|| Po.12
P0.0 52|18|| DGND . ' P0.8 52[18|| DGND
P05 51(17|| Po.1 H ' P0.13 51(17|| P0.9
D GND 50 [ 16| P0.6 | .\ D GND 50 [ 16| P0.14
P0.2 49(15|| DGND Pj | P0.10 49(15|| DGND
|
PO.7 48|14 || +5V ! P0.15 48|14 || +5V
P0.3 47[13|| DGND . P0.11 47[13|| DGND
PFI11/P2.3 ||46[12|| D GND | P0.27 46 |12|| DGND
PFI10/P2.2 |[45[11|| PFIO/PL0 \ P0.26 45|11|| PO0.16
D GND 44[10|| PFI1/P1.1 ! D GND 44 (10| PO.17
PFI2/P1.2 |[[43] 9 || DGND I P0.18 43| 9 || DGND
PFI 3/P1.3 42| 8 || +5Vv I P0.19 42| 8 || +5Vv
0

PFI4/P14 |[[41] 7 || DGND E,: L P0.20 41| 7 || DGND
PFI13/P2.5 |[40| 6 || PFI5/PL5 K ' P0.29 40| 6 || PO.21
PFI15/P2.7 |[39]| 5 || PFI6/PLE  / | P0.31 39| 5 || Po.22
PFI7/P1.7 |[38] 4 || DGND — | P0.23 38| 4 || DGND
PFI8/P2.0 |[37] 3 || PFI9/P2.1 ) ' P0.24 37| 3 || Po.25
D GND 36| 2 || PFI12/P2.4 ' DGND 36| 2 || Po.28
D GND 35| 1 || PFI14/P2.6 K . DGND 35| 1 || Po.30

Table A-25. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTROGATE 3 (PFI 9)
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Table A-25. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)

CTROA 37 (PFI 8)
CTROZ 3(PFI9)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PF1 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR18B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

Note For adetailed description of each signal, refer to the 7/0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6259 Mass Termination Important Links

The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6259 Specifications for more detailed information about
the USB-6259 Mass Termination device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6259 Mass Termination LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6259 Mass

Termination.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories

section of Chapter 2, DAQ System Overview, for more information.
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NI 6280

PCI/PXI-6280 Pinout
Figure A-26 shows the pinout of the PCI/PXI-6280.
Figure A-26. PCI/PXI-6280 Pinout

)

Al0(Al0+) ||68][34]]AI8@l0)
Al GND 67 [ 33| | AL (Al 1+)
Al'9 (Al 1-) 66 [ 32| | AIGND
Al2(AI2+) |[65]31]|Al10(AI2)
Al GND 64 30| | Al 3 (Al 3+)
Al11 (AI3-) |[|63[29]|AIGND
Al SENSE 62 | 28| Al 4 (Al 4+)
Al12 (A4 |[61]27]| AlGND
Al'5 (AI5+) |]60[26]|Al13 (Al5-)

CONNECTOR 0
(Al 0-15)

Al GND 59 | 25| | Al 6 (Al 6+) @
Al'14 (Al 6-) ||58]|24||AlGND

A7 (AI7+) [[57]23||AI15(AI7-)  TERMINAL 68 i TERMINAL 34
Al GND 56 |22 || NC

NC 55|21|| NC

NC 54 |20 || APFI O

D GND 53|19 | P0o.4

P0.0 52|18 || D GND

P0.5 51(17 (| Po.1

D GND 50|16 || P0O.6

P0.2 49 | 15| | D GND

PO.7 48|14 || +5V

P0.3 47 13 || D GND

PFI11/P2.3 ||46|12|| D GND TERMINAL 35 = TERMINAL 1
PFI 10/P2.2 45 11| | PFI 0/P1.0

D GND 44|10 || PFI 1/P1.1 @
PFI 2/P1.2 43| 9 || DGND

PFI 3/P1.3 42 8 || +5V

PFI 4/P1.4 41| 7 || pGND

PFI 13/P2.5 40| 6 || PFI5/P1.5

PFI 15/P2.7 39| 5 || PFI6/PL1.6

PFI 7/P1.7 38| 4 || DGND

PFI 8/P2.0 37| 3 || PFIO/P2.1

D GND 36| 2 || PFI12/P2.4

D GND 35| 1 || PFI14/P2.6

~

NC = No Connect
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Table A-26. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6280 Important Links

Thefollowing list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6280 Specifications for more detailed information about
the PCI/PX1-6280 device.

e Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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The following sections contain information about the PCI/PX1-6281, USB-6281 Screw
Terminal, and USB-6281 Mass Termination.

PCI/PXI-6281

PCI/PXI-6281 Pinout
Figure A-27 shows the pinout of the PCI/PX1-6281.
Figure A-27. PCI/PXI-6281 Pinout

)

aloalo+) |[68]34]|ais@io)
Al GND 67 [ 33| | Al'1 (Al 1+)
Al'9 (Al 1-) 66 | 32| | AIGND

A2 (Al2+) |[65]31]|Al10(Al2)

o
Al GND 64 | 30| | Al 3 (Al 3+) Sa
AI11(AI3) |[63]29]|AIGND o
AISENSE | [62]28] | Al 4 (ala4) 23
Al12 (A4 | [61]27] | Al enD §v

A5 (AI5+) | [60]26]]AI13(AI5)

Al GND 59 | 25 | | Al 6 (Al 6+) @
Al14 (Al6-) |[58 |24 || AIGND

AL7 (AI7+) [[57 23| AI15(AI7-)  TERMINAL 68 e TERMINAL 34
Al GND 56 22| | A0 0

AO GND 55(21|[A01

AO GND 54|20 || APFI O

D GND 53| 19| Po.4

P0.0 52|18 || D GND

P0.5 51(17|| Po.1

D GND 50 | 16 || Po.6

PO.2 49 [15|| D GND

P0.7 48 [ 14 || +5V

P0.3 47 [13|| D GND

PFI11/P23 |[46]12]| D GND TERMINAL 35 & TERMINAL 1
PFI10/P2.2 ||45|11|| PFIo/PL.0

D GND 44 (10| PFI 2/P1.1 @
PFI 2/P1.2 43| 9 || D GND

PFI 3/P1.3 42)8||+5v

PFI 4/P1.4 41| 7 || D GND

PFI13/P2.5 ||40] 6 || PEI5IPLS

PFI15/P2.7 ||39| 5 || PFI6/PL6

PFI 7/P1.7 38| 4 ||DGND

PFI 8/P2.0 37| 3 || PFIo/P2.1

D GND 36| 2 || PFI12/P2.4

D GND 35| 1 || PFI14/P2.6

[
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Table A-27. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6281 Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6281 Specifications for more detailed information about
the PCI/PX1-6281 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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USB-6281 Screw Terminal Pinout
Figure A-15 shows the pinout of the USB-6281 Screw Terminal.
Figure A-28. USB-6281 Screw Terminal Pinout

A0 (Al 0+) 1[[S Al 4 (Al 4+? G PFI 8/P2.0
AlS N Al 12 (Al 4-) D GND
(A0) 2|1 Al GND po.1 PFI 9/P2.1
Al GND 3| IS P0.2 :
AL N Al 5 (Al 5+) D GND
(A1) 41O Al 13 (Al 5-) P0.3 PFI 10/P2.2
- N :
A9 (AI1) 5§ P0.4
Al GND 6/ AI'GND P0.5 D GND
NG _ Al 6 (Al 6+) : PFI1 11/P2.3
(Al24) 71 Al14 (Al6) HO6 D GND
AI'10 (Al 2-) 8[| P0.7
= Al GND PFI1 12/P2.4
Al GND 9[[IS PFI 0/P1.0
Al 3 (Al 3+) 10 S ALTIAITH) by 111 D GND
AlLL _ Al 15 (Al 7-) : PFI 13/P2.5
(A3 11§ PFI 2/P1.2
AIGND 12| Q'PEINC? PFI 3/PL3 EF?’;'Z” .
AI'SENSE 13| [ PFI 4/P1.4 :
AIGND 14| [S AlIGND PFI 5/P1.5 DIGND
N AO 1 : PFI 15/P2.7
A0 0 15( 1 PR PFI 6/P1.6 =y
AOGND  16([S PFI 7/P1.7
Table A-28. Default NI-DAQmx Counter/Timer Pins
Counter/Timer Signal Default Pin Number (Name)
CTROSRC 81 (PFI 8)
CTROGATE 83 (PFI 9)
CTROAUX 85 (PFI 10)
CTROOUT 89 (PFI 12)
CTROA 81 (PFI 8)
CTROZ 83 (PFI 9)
CTROB 85 (PFI 10)
CTR1SRC 76 (PFI 3)
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Table A-28. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Pin Number (Name)
CTR1GATE 77 (PRI 4)
CTR1AUX 87 (PFI 11)
CTR10UT 91 (PFI 13)

CTR1A 76 (PFI 3)
CTR1Z 77 (PFI 4)
CTR18B 87 (PFI 11)
FREQ OUT 93 (PFI 14)

Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6281 Screw Terminal Important Links
The following list contains links specific to your DAQ device:

¢ Specifications—Refer to the NI 6281 Specifications for more detailed information about
the USB-6281 Screw Terminal device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6281 Screw Terminal LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6259 Screw Terminal.

e Accessory Options—Refer tothe USB Device Accessories, USB Cable, and Power Supply
section of Chapter 2, DAQ System Overview, for more information.
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USB-6281 Mass Termination Pinout
Figure A-17 shows the pinout of the USB-6281 Mass Termination device.
Figure A-29. USB-6281 Mass Termination Pinout

CONNECTOR 0 (Al 0-15)

e !

Alo(alo+) |[68]34]| A8 (alo-)
Al GND 67 [33|| AlL(AI1+)
Al9 (A1) |[66]32]| AIGND
Al2(A12+) |[65]31]| Al10al2)
Al GND 64|30 || Al3(Al3+)
Al11 (AI3-) ||63|29]|| AIGND 3
Al SENSE 62| 28| | Al4(Al4+) H
Al12 (Al4) |[61]27]| AIGND b
A5 (AI5+) |[60]26]|| AlI13(Al5-) |
Al GND 59 [25|| Al6(Al6+) |
Al14 (Al6-) ||58]24]|| AIGND
A7 (AI7+) |[57]23]] AI15 (A7) \
Al GND 56|22|| A0O v
AO GND 55| 21| AO1 !
AO GND 54|20|| APFIO |
D GND 53|19|| Po.4 \
P00 52[18|| DoND v
PO.5 51| 17| Po.1 |
D GND 50| 16| | P0.6 |
PO.2 49|15|| DGND '\__
PO.7 48|14|| +5Vv
P0.3 47|13|| DGND
PFI11/P2.3 |[46|12|| DGND
PFI10/P2.2 |[45]11|| PFIOPLO
D GND 44| 10|| PFI1/P1.1
PFI2/P12 |[[43] 9 || DGND
PFI3PL3 |42 8 || +5V ﬂ
PFI4/P14 |[[41] 7 || DGND e
PFI13/P2.5 [[40| 6 || PFI5/PL5 K
PFI15/P2.7 ||39| 5 || PFI6/P16 I ,"
PFI 7/P1.7 38| 4 || DGND >
PFI 8/P2.0 37| 3 PFI 9/P2.1 /)
D GND 36| 2 || PFI12/P2.4 '
D GND 35| 1 || PFI14/P2.6
\/

Table A-29. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal

Default Pin Number (Name)

CTROSRC

37 (PFI 8)

CTRO GATE

3(PFI 9)
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Table A-29. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Pin Number (Name)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)

CTROA 37 (PFI 8)
CTROZ 3(PFI9)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PF1 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR18B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

Note For adetailed description of each signal, refer to the 7/0 Connector Signal

Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to

Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6281 Mass Termination Important Links

The following list contains links specific to your DAQ device:

¢ Specifications—Refer to the NI 6281 Specifications for more detailed information about
the USB-6281 Mass Termination device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED

Information, for information about the USB-6281 Mass Termination LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,

Getting Started, for information about replacing the fuse on the USB-6281 Mass

Termination.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories

section of Chapter 2, DAQ System Overview, for more information.
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PCI/PXI-6284 Pinout

Figure A-30 shows the pinout of the PCI/PXI-6284. The I/O signals appear on two 68-pin
connectors.

Figure A-30. PCI/PXI-6284 Pinout

/‘\ r\
A0 Al0+) |[68]34]| Al8 (AI0-) P0.30 1[35]| DGND
Al GND 67 | 33 Al 1 (Al 1+) P0.28 2 |36 D GND
Al 9 (Al 1-) 66 | 32 Al GND P0.25 3 |37 P0.24
Al 2 (Al 2+) 65 | 31 Al 10 (Al 2-) o — D GND 4138 P0.23
Al GND 64 (30 || AI3(AI3+) s = 5 P0.22 5 (39| Po.31
Al11 (AI3-) || 63] 29| AlGND 57 0& P0.21 6 |40 || Po.29
AI'SENSE | [62]28]| Al 4 (Al 44) < ‘f_( Q- D GND 7 [41]| Po.20
Al12 (Al 4-) || 61|27 || AIGND £~ 5 < +5V 8 [42 || Po.19
A5 (AI5+) |[60]26]| Al13 (AI5-) o © D GND 9 [43]| Po.18
Al GND 59| 25 | | Al6 (Al 6+) @ @ P0.17 10|44 || D oD
Al 14 (Al 6-) 58|24 Al GND P0.16 11|45 P0.26
Al 7 (Al 7+) 5723 || AI15(AI7-)  TERMINAL 68 _¢.gf \.,._ TERMINAL 35 D GND 12146 || PO.27
Al GND 56 | 22 NC 4 D GND 13|47 PO0.11
S w211 no TERMINAL 34 —H H TERMINALL oy wal251| Po1s
NC 5420 || APFIO D GND 15[49]| Po.10
D GND 53|19 P0.4 P0.14 16 | 50 D GND
P0.0 52[18]| D GND P0.9 17]51]| Po.13
P0.5 51|17 PO.1 D GND 18|52 P0.8
D GND 50 | 16 P0.6 P0.12 19|53 D GND
P0.2 49]15|| b GND APFI 1 2054 | nC
Po.7 48|14 [ [+5V TERMINAL 1 —H LI TERMINAL 34 NC 21[55 || NC
P0.3 47113 D GND NC 22|56 Al GND
prI11/P2.3 |[46]12]| DGND TERMINAL 35 —‘"\ ;" TERMINAL 68 a1 31 (A123-) |[23]57 | Al23 (Al 23+)
PFI 10/P2.2 45|11 PFI 0/P1.0 Al GND 24|58 Al 30 (Al 22-)
D GND 441 10 PFI 1/P1.1 @ @ Al 22 (Al 22+) 25 | 59 Al GND
PFI 2/P1.2 431 9 D GND U \-/ Al 29 (Al 21-) 26 | 60 Al 21 (Al 21+)
PFI 3/P1.3 421 8 +5V Al GND 27 |61 Al 28 (Al 20-)
Pri4P14 [[41] 7 || DoND Al 20 (Al 20+) | [28]62]| Al SENSE 2
PFI 13/P2.5 40| 6 PFI 5/P1.5 Al GND 29 |63 Al 27 (Al 19-)
PFI 15/P2.7 39| 5 PFI 6/P1.6 Al'19 (Al 19+) 30 | 64 Al GND
PFI 7/P1.7 38| 4 D GND Al 26 (Al 18-) 31|65 Al 18 (Al 28+)
PFI 8/P2.0 37| 3 PFI 9/P2.1 Al GND 32|66 Al 25 (Al 17-)
D GND 36| 2 || PFI12/P2.4 AI17 (A117+) |[33]67 || AlGND
D GND 35| 1 || PFI14/P2.6 Al24 (A116-) |[34]68]| Al16 (Al 164)
\/ \_/
NC = No Connect NC = No Connect
Table A-30. Default NI-DAQmx Counter/Timer Pins
Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTROGATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
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Table A-30. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PFI9)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10OUT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6284 Important Links

The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6284 Specifications for more detailed information about
the PCI/PX1-6284 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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The following sections contain information about the PCI/PX1-6289, USB-6289 Screw
Terminal, and USB-6289 Mass Termination.

PCI/PXI-6289

PCI/PXI-6289 Pinout

Figure A-31 shows the pinout of the PCI/PXI-6289. The I/O signals appear on two 68-pin
connectors.

Figure A-31. PCI/PXI-6289 Pinout

— ) BN

A0 (Al0+) |[68]34]| A8 (al0-) P0.30 1[35]| DGND

Al GND 67 [33]| AI1(AI1H) P0.28 2 [36|| DGND

A9 (A1) |[66]32]| AlcND P0.25 3 [37]| Po.24
Al2(Al2+) |[65]31]] Al10(AI2-) o o« D GND 4 [38]| Po23

Al GND 64[30]| AI3(AI3+) g 5 P0.22 5 |39 Po.31

Al11 (AI3-)|[63]29 || AIGND 5% 52 P0.21 6 (40| Po.29
AISENSE |[62]28]| Al4 (Al4+) %; g2 D GND 7 [41|| Po.20

Al12 (Al 4-) |[61]27 ]| AIGND g z< +5V 8 [42]| Po.19

AI5 (AIS+) |[60]26]| Al13 (AI5) o 0 D GND 9 [43]| Po.18

Al GND 5925 || AlG(AI6+) @ @ P0.17 10[44 || D GND
Al14 (Al6-) |[58]24 || AlGND P0.16 11]45]| Po.26

A7 (AI7+) |[57]23]] AI15(AI75)  TERMINAL 68 _¢,,;[f' (%1 TERMINAL 35 D GND 1246 || Po.27

Al GND 5622 || A0O D GND 13[47]| Po.11

AO GND 55[21|| AO1 TERMINAL 34 —1 [T TERMINALL g5y 14(48 || P0.15

AO GND 54 (20 || APFIO D GND 15[49| Po.10

D GND 5319 | Po.4 PO.14 16[50 || D GND

P0.0 52[18 || DGND P0.9 17|51 || P0.13

PO.5 51[17]| Po.1 D GND 18[52]| Po.8

D GND 50[16|| PO.6 P0.12 1953 || D GND

PO.2 49[15|| DGND APFI 1 20|54 || A0 GND
P0.7 48]14]| +5v TERMINAL 1 —/ Ul TERmiNAL 34 AO3 21|55 || AO GND
PO.3 47[13]| pGND \ AO2 2256 || AIGND
pri11/P2.3 |[46]12]| DGND TERMINAL 35 —"i }"TERM'NA'— 68 AI31(AI23-) |[23]57]] Al23 (AlI234+)
PFI10/P2.2 |[45]11]| PRIOPLO @ @ Al GND 2458 || Al 30 (Al 22-)
D GND 44]10]| PFI1PLL AI22 (A1 22+) | [ 25]59 ]| AlGND
pri2P12 |[43] 9 ]| penD Y AI29 (A1 21-) | [ 2660 || Al 21 (Al 21+4)
PrI3P13 [[42] 8 ]| +5V Al GND 27|61 || Al28 (Al 20-)
pri4PLa |[41] 7 ]| penD Al120 (A1 20+) | [28]62]| Al SENSE 2
PFi13/P25 [[40] 6 || PFRIBPLS Al GND 29|63 || Al27 (Al 19-)
PrI15/P2.7 |[39] 5 || PRI6PLE Al19 (A1 19+) | [30]64 || AlGND
pri7/P17 |[38] 4 || DGND AI26 (Al18-) |[31]65]| Al18 (Al 28+)
prigP2.0 |[37] 3 || PRriop21 Al GND 32[66 || Al25 (aI17-)
D GND 36| 2 || PFI12/P2.4 A7 (a117+) | [33]67] | AlGND

D GND 35| 1 || PFI14P26 Al 24 (AI16-) |[34]68]| Al16 (A 16+)

\/
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Table A-31. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROSRC 37 (PFI 8)
CTR O GATE 3 (PFI 9)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)
CTROA 37 (PFI 8)
CTROZ 3(PF19)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PFI 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR1B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

PCI/PXI-6289 Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6289 Specifications for more detailed information about
the PCI/PX1-6289 device.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories
section of Chapter 2, DAQ System Overview, for more information.
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USB-6289 Screw Terminal Pinout
Figure A-23 shows the pinout of the USB-6289 Screw Terminal.
Figure A-32. USB-6289 Screw Terminal Pinout

ALO(AIO) 1 17 A4 (AL4%) e ) 164) 33 49 Al 20 (Al 20+)
18 Al 12 (Al 4-) 50 Al 28 (Al 20-)
AI8(AIO) 2 Al 24 (Al 16-) 34
19 Al GND 51 Al GND
Al GND 3 Al GND 35
20 Al5 (Al 5+) 52 Al 21 (Al 21+)
All(Al1+) 4 Al 17 (Al 17+) 36
21 Al 13 (Al5-) 53 Al 29 (Al 21-)
AI9(AILl) 5 Al 25 (Al 17-) 37
22 AIGND 54 Al GND
Al GND 6 Al GND 38
23 Al 6 (Al 6+) 55 Al 22 (Al 22+)
Al2 (AI2+) 7 Al 18 (Al 18+) 39
24 Al 14 (Al 6-) 56 Al 30 (Al 22-)
AI10 (AI2-) 8 Al 26 (Al 18-) 40
25 Al GND 57 Al GND
Al GND 9 Al GND 41
26 Al7 (Al 7+) 58 Al 23 (Al 23+)
Al 3 (Al 3+) 10 Al 19 (Al 19+) 42
27 Al 15 (Al 7-) 59 Al 31 (Al 23)
Al 11 (Al 3-) 11 Al 27 (A1 19-) 43
28 Al GND 60 Al GND
AIGND 12 Al GND 44
29 APFIO 61 APFI1
AI SENSE 13 AISENSE2 45
AIGND 14 S0 AIGND Al GND 46 62 AIGND
31 AO1 63 AO3
AC0 Ls 32 AO GND AO2 A 64 AO GND
AOGND 16 AO GND 48
S S 5
N S S
=0 PFI 8/P2.0 113 P0.24
P0.1 D GND 114 D GND
o2 PFI 9/P2.1 115 P0.25
P0.3 D GND 116 D GND
o4 PFI 10/P2.2 117 P0.26
PO.5 D GND 118 D GND
PO.6 PFI 11/P2.3 119 P0.27
P0.7 S D GND 120 D GND
T S PFI 12/P2.4 121 P0.28
PFl 1P1.1 S D GND 122 D GND
: N PFI 13/P2.5 123 P0.29
PFI 2/P1.2 S
PFI 3/P1.3 S D GND 124 D GND
: N PFI 14/P2.6 125 P0.30
PFI 4/P1.4 S
PFI 5/P1.5 N D GND 126 D GND
: N PFI 15/P2.7 127 P0.31
PFI6/P1.6 N +5V 128 D GND
PFI 7/P1.7 S
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Table A-32. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal Default Pin Number (Name)
CTROSRC 81 (PFI 8)
CTR O GATE 83 (PFI 9)
CTROAUX 85 (PFI 10)
CTROOUT 89 (PFI 12)
CTROA 81 (PFI 8)
CTROZ 83 (PFI 9)
CTROB 85 (PFI 10)
CTR1SRC 76 (PFI 3)
CTR1GATE 77 (PF1 4)
CTR1AUX 87 (PFI 11)
CTR10UT 91 (PFI 13)
CTR1A 76 (PFI 3)
CTR1Z 77 (PFI 4)
CTR1B 87 (PFI 11)
FREQ OUT 93 (PFI 14)

@ Note For adetailed description of each signal, refer to the /0 Connector Signal

Descriptions section of Chapter 3, Connector and LED Information.

Note For more information about default NI-DAQmXx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6289 Screw Terminal Important Links
The following list contains links specific to your DAQ device:

e Specifications—Refer to the NI 6289 Specifications for more detailed information about

the USB-6289 Screw Terminal device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED

Information, for information about the USB-6289 Screw Termina LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6289 Screw Terminal.

e Accessory Options—Refer to the USB Device Accessories, USB Cable, and Power Supply

section of Chapter 2, DAQ System Overview, for more information.
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USB-6289 Mass Termination Pinout
Figure A-25 shows the pinout of the USB-6289 Mass Termination device.
Figure A-33. USB-6289 Mass Termination Pinout

CONNECTOR 0 (Al 0-15)

AL 0 (Al 0+)
Al GND
Al9 (Al 1-)
Al 2 (Al 2+)
Al GND
Al'11 (Al 3-)
Al SENSE
Al12 (Al 4-)
Al'5 (Al 5+)
Al GND
Al 14 (Al 6-)
A7 (Al 7+)
Al GND
AO GND
AO GND
D GND
P0.0
P05
D GND
P0.2
PO.7
P03
PFI 11/P2.3
PFI 10/P2.2
D GND
PFI 2/P1.2
PFI 3/P1.3
PFI 4/P1.4
PFI 13/P2.5

PFI 15/P2.7

PFI 7/P1.7

PFI 8/P2.0

D GND

D GND

— )
68[34|| Al8(AlIO-)
67 |33|| AlIl(AIL1+)
66 | 32 Al GND
65|31 || Al10(Al2)
6430|| AlI3(AlI3H)
63|29 Al GND
62 |28|| Al4(Al44)
61|27 Al GND
60 26|| AlI13(AlI5-)
59 |25|| Al6 (Al 6+)
58 | 24 Al GND
57 23 || Al15(AI7-)
56 | 22 AO 0
55|21 AO1
54|20 APFI 0
53|19 P0.4
52|18 D GND
51|17 PO.1
50| 16 P0.6
49| 15 D GND
48| 14 +5V
47 |13 D GND
46 | 12 D GND
45|11 PFI 0/P1.0
44 | 10 PFI 1/P1.1
431 9 D GND
421 8 +5V
41| 7 D GND
40| 6 PFI 5/P1.5
39| 5 PFI 6/P1.6
38| 4 D GND
37| 3 PFI9/P2.1
36| 2 PFI 12/P2.4
35| 1 PFI 14/P2.6
gy

CONNECTOR 1 (Al 16-31)

/A6 (Al16+) |[68]34] | Al24 (Al 16
/  AIGND 67 [33]| AI17 (AI174)
/ Al 25 (AI17-) | |66 [32|| AlGND
" Al18 (Al 18+) | [65[31]| AlI26 (Al 18-)
/ Al GND 64 (30| Al19 (Al 19+)
/ AI27 (A119-) |[63]29]| AlGND
; AISENSE2 |[62]28]| Al20(Al20+)
e Al 28 (A1 20-) ||61]27|| AIGND
= Al21 (AI21+) |[60][26]| Al29 (Al21-)
1 Al GND 59| 25| | Al22 (Al 22+)
AI30 (Al 22-) |[58]24]| AlGND
\ Al23 (A1 23+) |[57[23]| AI31(AlI23-)
v Al GND 56]22|| A0 2
' AO GND 55[21|| AO3
| AO GND 54]20|| APFI1
[ D GND 53|19 PO.12
v \ P0.8 52| 18]| DGND
! ' P0.13 51[17]| Po.9
\ ' D GND 50|16 || PO0.14
\__ “ P0.10 49[15|| DGND
‘ P0.15 48[ 14]|| +5v
] PO.11 47]13]| peND
| P0.27 46| 12|| DGND
\ P0.26 45|11|| Po.16
! D GND 44|10|| PO.17
I P0.18 43 9 || peND
:@ P0.19 42| 8 || +5V
S L P0.20 41 7 || penD
; v P0.29 40| 6 || Po21
| ," . P0.31 39| 5 || Po.22
> \ P0.23 38| 4 || DGND
' ! P0.24 37| 3 || Po.2s
' DGND 36| 2 || Po.28
" DGND 35( 1 || Po.30
\

Table A-33. Default NI-DAQmx Counter/Timer Pins

Counter/Timer Signal

Default Connector 0 Pin Number (Name)

CTROSRC

37 (PFI 8)

CTRO GATE

3(PFI 9)
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Table A-33. Default NI-DAQmx Counter/Timer Pins (Continued)

Counter/Timer Signal Default Connector 0 Pin Number (Name)
CTROAUX 45 (PFI 10)
CTROOUT 2 (PFI 12)

CTROA 37 (PFI 8)
CTROZ 3(PFI9)
CTROB 45 (PFI 10)
CTR1SRC 42 (PFI 3)
CTR1GATE 41 (PF1 4)
CTR1AUX 46 (PFI 11)
CTR10UT 40 (PFI 13)
CTR1A 42 (PFI 3)
CTR1Z 41 (PFI 4)
CTR18B 46 (PFI 11)
FREQ OUT 1 (PFI 14)

Note For adetailed description of each signal, refer to the 7/0 Connector Signal
Descriptions section of Chapter 3, Connector and LED Information.

@ Note For more information about default NI-DAQmx counter inputs, refer to
Connecting Counter Signals in the NI-DAQmx Help or the LabVIEW Help.

USB-6289 Mass Termination Important Links

The following list contains links specific to your DAQ device:

¢ Specifications—Refer to the NI 6289 Specifications for more detailed information about
the USB-6289 Mass Termination device.

¢ LED Patterns—Refer to the LED Patterns section of Chapter 3, Connector and LED
Information, for information about the USB-6289 Mass Termination LEDs.

¢ Fuse Replacement—Refer to the USB Device Fuse Replacement section of Chapter 1,
Getting Started, for information about replacing the fuse on the USB-6289 Mass

Termination.

¢ Accessory and Cabling Options—Refer to the 68-Pin M Series Cables and Accessories

section of Chapter 2, DAQ System Overview, for more information.

A-68 | ni.com
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Timing Diagrams

This appendix contains detailed timing information and diagrams for the M Series device
blocks:

Analog Input Timing Diagrams
Analog Output Timing Diagrams
Digital 1/0O Timing Diagrams
Counters Timing Diagrams

Clock Generation Timing Diagrams

Analog Input Timing Diagrams

The following sections describe the timing specifications and timing of the triggers and clock
signalsrelated to the analog input timing engine:

Input Timing—Input timing relatesto any signal external totheM Seriesdevicethat isused
asaclock or atrigger. Thistiming describesthe delaysinvolved with importing the external
signal into the device.

Internal Timing—Internal timing describes the relationship between internal signals. In

general, how the input and other internal signals get used to generate output signals, such
asthe convert signal.

Output Timing—Output timing refersto the timing parameters related to exporting signals
internal to the device to aterminal for external use.

Figure B-1 isasimplified model of the M Series analog input timing engine.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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Figure B-1. M Series Analog Input Timing Engine

i . . POUT
i
Terminal] Selected Reference Trigger B’C Reference Trigger > Terminal
i L Start T POUT
Terminal > ? E tart Trigger O-e>— Terminal
L Selected Start Trigger  ——
4 b L POUT
'[ g O-e>—RTSI
Terminal >+ Selected Pause Trigger E‘C
i
i [ Pause Trigger Yy Y Sl Start (and Other Counters,
Sl h of Ti
[ [ Sample Clock Timebase Counter and Such of Timer Core)
- Block
Sync Sample Clock Timebase oc POUT
Terminal
SI_TCy p_AI_Convert
Convert Clock Timebase S
Counter
Sync Convert Clock Timebase BI:)CK
Start:
Terminal - — rSeIected Sample Clock Terminal
i POUT

The following signals are used in Figure B-1 and in the following sections:

¢ Terminal—Refersto any device terminal, such as PFI or RTSI. These terminals are used
asinputs and as outputs for signals.

« _i—Refersto any internal signal available to the analog input timing engine for use. In the
case of signals coming from an external terminal, thisisthe signal after is been through the
first input buffer. _i also can refer to other internal signals such asinternal timebases or
signals coming from other blocks.

«  POUT—Refersto any output signal right beforeit is driven to an output terminal.

¢ Convert Clock Timebase and Sync Convert Clock Timebase—Convert Clock Timebase
isthe source signal used to generate the signal that will actually cause the ADC to do a
conversion (p_Al_Convert). Thissignal can be an internal or external timebasethat is
divided by the SI2 counter, or can be an external Convert Clock signal. Sync Convert Clock
Timebaseisasignal related to Convert Clock Timebasethat is used to synchronize external
signals before they are used by circuits running from Convert Clock Timebase.

¢ Sample Clock Timebase and Sync Sample Clock Timebase—Sample Clock Timebase
isthe sourcefor the S| counter and can be used to generate the sampletiming. Each Sample
Clock in turn triggers the generation of one or more converts. Thissignal can be aninternal
or external timebase. Sync Sample Clock Timebase is asignal related to Sample Clock
Timebase that is used to synchronize external signals before they are used by circuits
running from Sample Clock Timebase.

B-2 | ni.com
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M Series User Manual

e Selected Start Trigger and Start Trigger—Start Trigger isthesignal that startstheanalog
input timing engine. This signal can come from external signals, a software command, or
internal sources. Selected Start Trigger isthe signal chosen to be the Start Trigger before it
is synchronized (just after the selection mux).

¢ Selected Reference Trigger and Reference Trigger—A Reference Trigger isatrigger
that can stop the Al timing engine. If the Reference Trigger isenabled, the Al timing engine
will stop acquiring data once it sees a valid event on the Reference Trigger and it has
acquired the posttrigger number of samples. Thissignal can come from external signals, a
software command, or internal sources. The Selected Reference Trigger isthesignal chosen
to be the Reference Trigger beforeit is synchronized (just after the selection mux).

¢ Selected Sample Clock and Sample Clock—Selected Sample Clock isthe signal selected
to become Sample Clock before any synchronization (just after the selection mux). The
Sample Clock marks the beginning of a new sample. This signal can be an external or
internal signal. When aninternal signal, it can be generated with the SI counter dividing the
Sample Clock Timebase signal. It also can come from an external terminal or from asignal
from another internal resource inside the M Series device.

e Selected Pause Trigger and Pause Trigger—The Pause Trigger can be used to pause the
acquisition for a certain period of time. Selected Pause Trigger isthe signal that becomes
the Pause Trigger signal before synchronization.

*«  p_AI Convert—Thesignal that startsthe conversionsof dataat the ADC component. This
signal goes directly to the ADC, but copies can be routed to output terminals.

Input Timing
Input timing refers to the delays involved in importing external signals to be used astriggers or

clocksinthe Al timing engine. Figures B-2 and B-3 and Table B-1 describe theinsertion delays
for external signals.

© National Instruments | B-3
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Figure B-2. Input Timing and the Analog Input Timing Engine

Selected Reference Trigger Reference Trigger
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‘ Pause Trigger y y Sl Start
Terminal > - Sl
f I: Sample Clock Timebase Counter
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Terminal
SI_TCy p_Al_Convert
" SI2
Convert Clock Timebase Counter 22-TC
- Block
Sync Convert Clock Timebase Starth
Selected Sample Clock

i
Terminal >-@<
: L[

Figure B-3. Input Timing Diagram

Terminal

)

Table B-1. Input Timing

Time From To Min (ns) Max (ns)
t," PFI PFI_i 4.2 6.4 15.2 19.2
RTSI RTSI_i 09 22 2.0 3.0
STAR STAR_ 09 — — 28

* The delay ranges given for PFI and RTSI represent the fastest and slowest terminal routing within the
trigger group for agiven condition (maximum or minimum timing). This difference can be useful when
two external signals will be used together and the relative timing between the signalsisimportant.
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Internal Timing
Al Timing Clocks

The anal og input timing engine hastwo levels of timing that control an Al acquisition. The first
level isthe convert level. Thisisthetiming that controls when the analog to digital conversions
take place. The SC, DIV, and SI2 counters run on thistiming level. The signal that clocks this
timing level iscalled Convert Clock Timebase. Thissignal can comefrom aninternal source (for
example, an internal timebase) or an external signal. It can be divided down using the SI2
counter, or it can be used directly (in external convert mode). In order to synchronizetriggersto
the Convert Clock Timebase signal, another related signal is generated called Sync Convert
Clock Timebase. Sync Convert Clock Timebase is generated differently depending on the mode
the Al timing engine is operating on:
¢ When Convert Clock Timebaseisasignal that isdivided down using the SI2 counter (either
internal or external), it is considered to be a free-running clock. In this case, the Sync
Convert Clock Timebaseistheinverted version of the Convert Clock Timebase signal. The
ideaisto use the falling edge of the original signal to synchronize external signals before
the rising edge of the Convert Clock Timebase occurs (after polarity selection). This case
isthe one described in this section.

¢ When Convert Clock Timebase is not going to be divided by the SI2 counter (in the case of
an external convert signal), this signal is assumed to be not free-running and highly
irregular. In this case, Sync Convert Clock Timebase is selected to be the actua external
signal, and Convert Clock Timebase is adelayed version of the external signal. Thisdelay
islong enough so that externa signals can be synchronized with Sync Convert Clock
Timebase and used by Convert Clock Timebase. For timing diagrams and parameters for
this case, refer to the Convert Clock section.

The second level of timing is the sample level. Basically, converts are grouped in sets called
samples, and the timing of the samples can be independent from the timing of the converts. The
M Series device can use a timebase to generate the sample timing. Thistimebase is called
Sample Clock Timebase. Thissignal can beinternal (for example, an internal timebase) or
external. Either way, the signal getsdividedin the Sl counter and used to generate Sample Clock
signals (whichin turn, signal the start of a sample). In order to synchronize external triggers to
the Sample Clock Timebase, another related signal is created, Sync Sample Clock Timebase.
Thisis alwaysthe inverted signal selected to be Sample Clock Timebase, while the Sample
Clock Timebase signal is acopy without inversion of the signal. Theideaisthat for each
significant edge of the Sample Clock Timebase, there is a significant edge of the Sync Sample
Clock Timebase signal that occurs before Sample Clock Timebase and that can be used to
synchronize the input triggers.

The source for Convert Clock Timebase and Sample Clock Timebase isthe internal signal bus,
_i. Thetiming of thissignal is described in relation to this common point. The Convert Clock
Timebase and Sample Clock Timebase can be asynchronous from each other.

© National Instruments | B-5
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Figure B-4. Al Timing Clocks and the Analog Input Timing Engine
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Table B-2. Al Timing Clocks Timing

Time Description Line Min (ns) Max (ns)
t, Minimum Pulse Width — 125 —
ts Minimum Period — 50.0 —
ts Delay to Sample Clock PFI 38 9.3

Timebase
RTSI 35 9.0
STAR 3.0 6.4
ts Delay to Sync SampleClock | PFI 34 85
Timebase
RTSI 3.2 8.3
STAR 2.7 5.6
ts Delay to Convert Clock PFI 41 10.2
Timebase
RTSI 39 9.9
STAR 34 7.3
t; Delay to Sync Convert PFI 3.6 8.9
Clock Timebase
RTSI 33 8.6
STAR 29 6.0

Convert Clock

Convert Clock isthe signal that determines when an analog to digital conversion is started. The
signal going to the ADC is called p_Al_Convert. Convert Clock aso can be routed to several
external /O terminals for external use. Convert Clock is always generated from the Convert
Clock Timebase signal, either directly or indirectly (by dividing it down using the SI2 counter).
If the SI2 counter is used, it is assumed that areliable free-running clock is being used. Refer to
the A1 Timing Clocks section for the timing relationship between Convert Clock Timebase and
Sync Convert Clock Timebase. If the SI2 counter is not being used (external convert case), the
Convert Clock Timebase is assumed to be not free-running and the relationship between the
Convert Clock Timebase and the Sync Convert Clock Timebase is an asynchronous delay.

Whether the SI2 counter is used or not, thetiming parametersin the generation of Convert Clock
are the same starting at the Convert Clock Timebase signal.

© National Instruments | B-7
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Figure B-6. Convert Clock and the Analog Input Timing Engine
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Figure B-7. Convert Clock Timing Diagram
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Table B-3. Convert Clock Timing

Time Description Line Min (ns) Max (ns)
tg Delay from _i to Sync Convert Clock PFI 6.4 15.9
Timebase
RTSI 6.0 15.6
STAR 5.7 12.9
B-8 | ni.com
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Table B-3. Convert Clock Timing (Continued)

Time Description Line Min (ns) Max (ns)
tg Delay from _i to Convert Clock PFI 16.2 39.1
Timebase
RTSI 16.0 38.8
STAR 155 36.1
t1o Delay from Convert Clock Timebase to — 6.0 13.0
p_Al_Convert
tiy Delay from Convert Clock Timebaseto | PFI 4.6 10.8
Convert Clock, when exported to an
external terminal (POUT) RTS 46 105

Figure B-8. Convert Clock and Any Internal Signal Timing Diagram

—> ),

p_Al_Convert

Table B-4. Convert Clock and Any Internal Signal Timing

Time Description Line Min (ns) Max (ns)
t1o _itop_Al_Convert in PFI 222 521
external convert mode
RTS 221 51.8
STAR 215 49.1
Start Trigger

The Start Trigger isthesignal that startsan Al acquisition. Thissignal can comefrom an external
source (through an external terminal) or from an internal source. One possibleinternal sourceis
asoftware-generated pulse. A multiplexer selects from all the possible sources (all of them at _i
level) and outputs asignal called Selected Start Trigger. Selected Start Trigger then gets sent to
the two timing levelsin the Al section (the Convert Clock Timebase and the Sample Clock
Timebase timing level) for synchronization to each clock. Once the Convert Clock Timebase
timing domain has received avalid Start Trigger, the Al timing engine is ready to begin
generating converts, as soon as it receives a Sample Clock (beginning of a sample). Once the
Sample Clock Timebase domain hasreceived avalid Start Trigger, the Al timing engineisready
to begin generating Sample Clocks.
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Figure B-9. Convert Clock Timebase Timing and the Analog Input Timing Engine
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Figure B-10. Convert Clock Timebase Timing Diagram
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Table B-5. Convert Clock Timebase Timing

Time Description Line Min (ns) Max (ns)
t13 Delay to Selected Start Trigger PFI 34 8.8
RTS| 33 85
STAR 2.7 5.7
t1a Selected Start Trigger Setup Time — 15 —
(to Sync Convert Clock Timebase)
tis Selected Start Trigger Hold Time — 0 —
(to Sync Convert Clock Timebase)
tie Sync Convert Clock Timebase to — 0.9 24
Start Trigger
ty7 Start Trigger to POUT PFI 11 31
RTSI 11 2.7

Figure B-11. Sample Clock Timebase Timing and the Analog Input Timing Engine
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Figure B-12. Sample Clock Timebase Timing Diagram

tig
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Table B-6. Sample Clock Timebase Timing

Time Description Line Min (ns) Max (ns)
tis Delay to Selected Start Trigger | PFI 34 8.8
RTSI 33 85
STAR 2.7 5.7
tig Selected Start Trigger — 15 —
Setup/Hold Time
(to Sync Sample Clock
Timebase)
too Selected Start Trigger — 0 —
Setup/Hold Time
(to Sync Sample Clock
Timebase)
toy Sync Sample Clock Timebase — 0.9 22
to SI_Start
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Reference Trigger

Use the Reference Trigger to stop the acquisition. It isnormally used in pretrigger acquisitions;
itisnecessary to acquire databefore and after thetrigger. The Reference Trigger signalsthetime
when the Al timing engine starts counting the number of posttrigger conversionsto take before
stopping. The Reference Trigger can come from external or internal sources and its sourceis
selected with amultiplexer. Its output is called the Selected Reference Trigger.

Figure B-13. Reference Trigger and the Analog Input Timing Engine
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Table B-7. Reference Trigger Timing

Time Description Line Min (ns) Max (ns)
ton Delay to the Selected PFI 36 8.9
Reference Trigger
RTSI 34 8.4
STAR 29 5.6
tys Selected Reference Trigger — 15 —
Setup (to Sync Convert Clock
Timebase)
toy Selected Reference Trigger — 0 —
Hold (to Sync Convert Clock
Timebase)
tos Sync Convert Clock Timebase — 0.9 22
to Reference Trigger
tog Reference Trigger to POUT PFI 0.8 23
RTSI 0.8 1.9
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Sample Clock

Sample Clock signalsthe start of asample (which, inturn, isaset of converts). Sample Clock is
generated from external or internal sources. The main internal sourceisthetermina count (TC)
of the SI counter that runs on the Sample Clock Timebase signal. All the sources for Sample
Clock are at the _i level and are selected using a multiplexer. The output of this multiplexer is
called Selected Sample Clock.

Figure B-15. Sample Clock and the Analog Input Timing Engine
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Timing Diagrams

Table B-8. Sample Clock Timing

Time Description Line Min (ns) Max (ns)
to7 Delay to Selected Sample Clock PFI 35 8.9
RTSI 34 8.6
STAR 2.8 5.9
tog Selected Sample Clock Setup time — 15 —
(to Sync Convert Clock Timebase)
tog Selected Sample Clock Hold time — 0 —
(to Sync Convert Clock Timebase)
tag Sync Convert Clock Timebase to Sample — 24 5.8
Clock
tar Sample Clock to POUT PFI 24 55
RTSI 32 6.8

The Al timing engine also can export asignal related to the Sample Clock called

Al_Sample_In_Progress. Thissignal assertswith the Sample Clock and stays asserted until after
the last convert of the sample. It is useful for external simultaneous sample and hold signal

conditioning.

Figure B-17. Al_Sample_In_Progress Timing Diagram

Sample Clock

Convert Clock

POUT |
tgp = o tas —» e
Table B-9. Al_Sample_In_Progress Timing
Time Description Line Min (ns) Max (ns)

tan Sample Clock to POUT as PFI 34 8.0

leading edge

of Al_Sample_In_Progress RTSI 4.2 92
ta3 Convert Clock to POUT as PFI 54 124

trailing edge

of Al_Sample_In_Progress RTSI 6.2 136
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Pause Trigger

The Pause Trigger signal can be used to pause the acquisition any time the signal deasserts. Itis
generated from internal or external sources. A multiplexer selectsasignal from the _i bus; its
output is called Selected Pause Trigger.

Figure B-18. Pause Trigger and the Analog Input Timing Engine

Selected Reference Trigger Reference Trigger

Terminal > E—C O~ Terminal
! L — Start Trigger )
Terminal > 0 L’ - Terminal
L Selected Start Trigger  ——
: L -
RTSI

Terminal

= b_|
I I: I:Selected Pause Trigger
7
[ Pause Trigger l Sl Start
Terminal - Sl
f [ Sample Clock Timebase Counter
- Sync Sample Clock Timebase Block
Terminal
SI_TCy p_Al_Convert
- SI2
Convert Clock Timebase

Counter
Block
A

Sync Convert Clock Timebase

Terminal -} - > Selected Sample Clock E_c

Figure B-19. Pause Trigger Timing Diagram

L ]

Start 4

Terminal

f3g —> |
Selected Pause Trigger E . : : :
T g+
! — L35 .
Sync Convert Clock Timebase :| ' | | Lo f
E w37 E >ty
Pause Trigger ! E !
H I g
t37 o ! —

POUT |
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Table B-10. Pause Trigger Timing

Time Description Line Min (ns) Max (ns)
tay _i to Selected Gate PFI 32 7.8
RTS 30 7.5
STAR 25 49
tas Selected Pause Trigger Setup Time — 15 —
(to Sync Convert Clock Timebase)
t3g Hold (Sync Convert Clock Timebase) — 0 —
ta7 Sync Convert Clock Timebase — 0.6 26
to Pause Trigger
tag Pause Trigger Sourcein _i to POUT RTS 11 31

Output Timing

Output timing refersto the delaysinvolved in exporting internal signalsto external terminals, so
they can be used to trigger or time external devices. These timing parameters include the
selection multiplexer in each terminal plusthedelay of the output driver. Figures B-20 and B-21
and Table B-11 describe output timing.

The delays presented in this section assume a 200 pF load on PFI linesand a50 pF load on RTSI
lines. Actua delays vary with the actual load.
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Figure B-20. Output Timing and the Analog Input Timing Engine

POUT

Terminal - Selected Reference Trigger E_C Reference Trigger ~ o> Terminal
L Start Trigger POUT
Terminal {>e<O ? E 99 O-e>— Terminal
LSeIeCted Start Trigger  ——
c E b L POUT
[ [ C-e>—RTSI
Terminal -] Selected Pause Trigger g -
‘ Pause Trigger Y Y Sl Start
Terminal - Sl
f [ Sample Clock Timebase Counter
Sync Sample Clock Timebase Block POUT

Terminal
p_AI_Convert

/—O—D SI_TCy

Convert Clock Timebase

Sync Convert Clock Timebase

POUT
Terminal

Terminal -} > Selected Sample Clock B_C

Figure B-21. Output Timing Diagram

POUT

3o 3 |
i

.
L g

Terminal

Table B-11. Output Timing

Edge Line Min (ns) Max (ns)
Rising Edge PFI 7.2 25.7
RTSI 5.6 14.0
Falling Edge PFI 75 25.9
RTS| 6.0 13.9
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Analog Output Timing Diagrams

The analog output timing can be broken into the following three sections:

e Input Timing—Thetiming for external signalsto enter theM Seriesdeviceand beavailable
on theinternal signal buses.

e Internal Analog Output Timing—The timing specifications of the anal og output unit itself,
to and from interna signals.

e Output Timing—Thetiming of exported signals going to the M Series device external
terminals.
Figure B-22 gives an overview of analog output timing.
Figure B-22. M Series Analog Output Timing

Internal Other
Sources Internal
Sources
Sample
Clock .
> [Timebase| ACTIMer | sample Clock
STAR_TRIG, >
RTSI, or — Selected
PEI Ly Start
STAR_TRIG_|, Trigger > PEI
RTSLi, or i > e
PFI_i A ! >
Start Trigger
> [Selected Pause
_>
Pause Trigger
L p| RTSI
> >
>

Thefollowing signals are used in Figure B-22 and in the following sections:

e Sample Clock—Thissignal multiplied by the digital to analog conversions. Thissignal is
routed to the DAC, and in every pulse, the DAC will perform adataconversion. Thissignal
can come directly from an external signal or can be the result of dividing down the Sample
Clock Timebase using the Ul counter.

¢ Sample Clock Timebase—Thissignal can be used to generate the Sample Clock. This
signal acts as the clock for the Ul counter, and a Sample Clock can be generated every
N periods of the Sample Clock Timebase by programming the Ul counter accordingly. This
signal can come from an internal source (such asthe board oscillator) or an external source.

¢ Sync Sample Clock Timebase—The Sync Sample Clock Timebaseisasignal that is
generated internally and is related to the Sample Clock Timebase. How it is generated and
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the relationship between the two signals depends on the mode of operation. In general, the
Sync Sample Clock Timebase is used to synchronize the input signals to the analog output
timing engine before they are used by the Sample Clock Timebase.

e Start Trigger and Selected Start Trigger—The Start Trigger determines when atimed
analog output operation will begin. Thissignal can come from a software command or an
external pulse. Selected Start Trigger is the output of the selection block for the Start
Trigger source.

¢ Pause Trigger and Selected Pause—The waveform generation can be paused using the
pause trigger. When enabled, the waveform generation will occur aslong asthe gate is
enabled. The generation will be paused if the gate is disabled. Thissignal can comefrom a
software command or an external signal. The Selected Pause is the output of the selection
block for the Pause Trigger source.

e Star_Trig, RTSI, or PFI—These terminas are the 1/O interface for the device. All
external triggers are input on these terminals. Internal signals can be exported to these
terminals as well.

e _iSignals—All signals marked with _i are external signals that have been through the 1/O
buffers and are ready for internal use.

Input Timing
Input timing refers to the delays of importing signals from the external terminals so that the

anal og output timing engine can use them as sourcesfor different triggersor clocks. Figure B-23
and Table B-12 describe the insertion delays for external signals.

Figure B-23. Input Timing Diagram

Terminal

ty

Table B-12. Input Timing

Time From To Min (ns) Max (ns)
t," PFI PFI_i 4.1 6.4 15.2 19.2
RTS| RTSI_i 0.9 22 20 3.0
STAR STAR_i 0.9 — — 2.8

* The delay ranges given for PFI and RTSI represent the fastest and slowest terminal routing within the
trigger group for agiven condition (maximum or minimum timing). This difference can be useful when
two external signals will be used together and the relative timing between the signals is important.
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Internal Analog Output Timing

The analog output timer has two internal clocks that are referenced—Sample Clock Timebase
and Sync Sample Clock Timebase. How they are generated depends on how the analog output
timer is configured. If the analog output timing engineis configured to operate with an external
Sample Clock, analog output internal clock timing can be derived from Table B-13.

Figure B-24. External Update Source Clock Insertions Timing Diagram

Signal_i

i g E
Sync Sample Clock Timebase E

.

Sample Clock Timebase

— b

Table B-13. External Update Source Clock Insertions Timing

Time From To Min (ns) Max (ns)
t, Signal_i Sample Clock Timebase 11.6 30.0
ts Signal_i Sync Sample Clock Timebase 15 7.0

If the Sample Clock isbeing generated by dividing down the Sample Clock Timebase, the analog
output generation istimed from the output of the Ul counter. The signal Sample Clock Timebase
can be an external signal. When the analog output timing engine operates in thismode, it is
assumed that the source signal for the Sample Clock timebase is a free-running clock, so the
Sync Sample Clock Timebase isthe inverted version of Sample Clock Timebase. Configuring
the analog output timing engine for rising edge operation will cause the external signalsto be
synchronized on thefalling edge of the Sample Clock Timebase, which correspondsto therising
edge of Sync Sample Clock Timebase.

Figure B-25. Sample Clock Timebase and the Sync Sample Clock Timebase
Timing Diagram

Signal_i E
) i —>lt,
Sync Sample Clock Timebase ! !

] .—>| ts f
Sample Clock Timebase .
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Table B-14. Sample Clock Timebase and the Sync Sample Clock Timebase Timing

Time From To Min (ns) Max (ns)

ts Signal_i Sample Clock Timebase 24 9.3

ts Signal_i Sync Sample Clock Timebase 24 9.3
Start Trigger

As an output, the Start Trigger is routed as an asynchronous pulse. The actual signal that gets
routed is the Selected Start Trigger signal, so there is no synchronous delay involved.

Figure B-26. Start Trigger Input Delay Path

Signal_i [ To Internal Logic

Selected Start
Trigger

Sync Sample Clock Timebase ————— P,

Figure B-27. Start Trigger Timing Diagram

Signal_i

E t7
Selected Start Trigger ' 1g

' —P

Sync Sample Clock TimebaseJ E

Table B-15. Start Trigger Timing from Signal_i to Selected Start Trigger

Time From To Min (ns) Max (ns)
ts Signal_i Selected Start Trigger 29 9.8
Table B-16. Start Trigger Setup and Hold Timing
Time Parameter Min (ns) Max (ns)
t; Setup 15 —
tg Hold 0 —

Pause Trigger

The analog output Pause Trigger can be used to pause an ongoing generation. It is received on
the rising edge of Sync Sample Clock Timebase.
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Figure B-28. Pause Trigger Input Delay Path

Signal_i r D Q [ To Internal Logic

Selected Pause
Trigger

Sync Sample Clock Timebase —————— |

Figure B-29. Pause Trigger Timing Diagram

Signal_i ﬂ

Selected Pause Trigger

Sync Sample Clock Timebase |

—

Table B-17. Pause Trigger Timing from Signal_i to Selected Pause Trigger

Time From To Min (ns) Max (ns)

to Signal_i Selected Pause Trigger 17 7.8

Table B-18. Pause Trigger Setup and Hold Timing

Time Parameter Min (ns) Max (ns)
t1o Setup 15 —
t1 Hold 0 —

Input Timing Verification
Consider an application that uses an external trigger and an external clock. Thetrigger and clock

signals are routed to an internal D flip-flop (DFF). To ensure that the trigger is sampled on a
particular clock edge, the setup and hold times of the internal DFF must be met:

e Recal that a“termina” isaPFl pin, RTS| pin, or PXI_Star pin.

« Let TriggerDelay be the delay from the trigger terminal to the DFF.
¢ Let ClockDelay be the delay from the clock terminal to the DFF.

*  Let DFFgy,, and DFF 4 be the setup and hold time of the DFF.

*  Let Externa gy, and Externalyqq be the setup and hold time of the trigger to the clock at
the terminals.
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Figure B-30 shows the external trigger and external clock and the trigger delay and clock delay.
Figure B-30. External Trigger and External Clock Application

DFF

External T Del |
Trigger riggerDelay D Q
External

Clock ClockDelay

To satisfy the DFF setup and hold requirement, the following condition must be true:

External sgyp > DFFgyyp - ClockDelay + TriggerDelay

External g q > DFFyqq + ClockDelay - TriggerDelay

DFFsep and DFFy4 are given by Table B-16 for AO Start Trigger and Table B-18 for AO
Pause triggers.

ClockDelay isthe sum of theinput timing, shown in Table B-12, and insertion timing, shown in
Table B-13.

TriggerDelay isthe sum of theinput timing, shown in Table B-12, and internal timing, shownin
Tables B-15 and B-17.

For setup calculations, use the maximum timing parameters. For hold calculations, use the
minimum timing parameters.

For input timing, as shown in Table B-12, two numbers are given for the maximum delay and
two numbers for the minimum delay. In order to account for the worst case skew between
different input terminals, use the range given in theinput delay tablesin the Input Timing section
in away that provides the most conservative results. For setup calculations, use the bigger
number for TriggerDelay and the smaller number ClockDelay. For hold calculations, use the
smaller number for TriggerDelay and the larger number for ClockDelay.

Output Timing
The analog output timer has three possible trigger outputs—Start Trigger, Pause Trigger, and
Sample Clock. The delays presented in this section assume a 200 pF load on PFI linesand a

50 pF load on RTSI lines. Actual delays will vary with the actual load. The two numbers given
for each condition represent the variation from the best case and worst case terminals.

e Start Trigger—As an output, the Start Trigger is routed as an asynchronous pulse. The
actual signal that getsrouted isthe Selected Start Trigger signal, so thereisno synchronous
delay involved.
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Figure B-31. Start Trigger Path

> Routing Logic » RTSI, PFI

Selected Start Trigger

» D Q — To Internal Logic

Sync Sample Clock Timebase —————

Figure B-32. Start Trigger Output Delay Timing Diagram

) typ
Selected Start Tngger—l '
PFI/RTSI Terminal .

Table B-19. Start Trigger Output Delay Timing

Time From To Min (ns) Max (ns)
t1o Selected Start PFI 8.1 9.1 271 30.8
Trigger
Selected Start RTSI 75 7.7 17.9 185
Trigger

¢ Pause Trigger—Pause Trigger isonly output asynchronously and only to RTSI. The actual
signal being routed is Selected Pause. The Pause Trigger output timing can be derived by
adding the delay in Table B-20 to the total Selected Pause delay.

Figure B-33. Pause Trigger Path

> Routing Logic

Selected Pause Trigger » D Q | To Internal Logic

Sync Sample Clock Timebase —————— |
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Figure B-34. Pause Trigger Output Routing Delay Timing Diagram

Selected Pause Trigger

RTSI Terminal 41_|_:__>|—

— s

Table B-20. Pause Trigger Output Routing Delay Timing

Time From To Min (ns) Max (ns)
t13 Selected Pause RTSI 6.7 7.1 16.3 17.0
Trigger

«  Sample Clock—Therising edge of the Sample Clock is output synchronousto the Sample
Clock Timebase. It can be cal culated by adding the Sample Clock Timebaseinsertionto the
delay in Table B-21. The exported Sample Clock signal is active low, each falling edge
representing a conversion.

Figure B-35. Sample Clock Path

a| Routing Logic

—» RTSI, PFI

Internal Logic —p»| D Q » To Internal Logic

Sample Clock Timebase —p>| o

Figure B-36. Sample Clock Delay Timing Diagram

Sample Clock Timebase ta

—

RTSI/PFI Terminal | I—,

Table B-21. Sample Clock Delay Timing

Time From To Min (ns) Max (ns)
tia AO Sample Clock PFI 9.7 10.7 311 34.3
AO Sample Clock RTSI 8.8 9.1 21.3 21.7
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Digital I/O Timing Diagrams

This section describes the timing delays and requirements of digital waveform acquisitions and
digital waveform generations.

Digital Waveform Acquisition Timing

To describe digital waveform acquisition timing delays and requirements, refer to the circuitry
shown in Figure B-37. In the figure, PO, PFI, RTSI, and PXI_STAR represent signals at
connector pins of the M Series device. The other named signals represent internal signals.

Figure B-37. Digital Waveform Acquisition Timing Circuitry
PFI_i, RTSL_], _|>_ PO
or PXI_STAR_i DO Waveform

- — DO Sample

PFI, RTSI, |'> ° Clock Generation FIFO
or PXI_STAR

{>— PFI (Output)

Other Internal
Signals

Figure B-38 and Tables B-22 and B-23 describe the digital waveform acquisition timing delays
and requirements. Your inputs must meet the requirements to ensure proper behavior.

Figure B-38. Digital Waveform Acquisition Timing Delays

PFI, RTSI, M
or PXI_STAR

VB Ve
PFL_i, RTSI_i, 4,—|—’—
or PXI_STAR_i ! L
Dt Dt
DI Sample Clock
ot Lt
>
PO _X_: D O
Lt Lol
'<—>: ' '<—>:
PO_i X ' X
Tty
<+ >

]

PFI (Output)
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Table B-22. DI Timing Delays
Time From To Min (ns) Max (ns)
ts" PFI PFI_i 52 6.2 182 | 220
RTSI RTSI_i 20 25 50 6.0
PXI_STAR PXI_STAR_i 15 35
ts PFI_i, RTSI_i, PXI_STAR i, DI Sample 35 9
or other internal signal Clock
t; PO PO i 4.7 20.1
tg DI Sample Clock PFI (output) 8.0 29.8
to PFl (output) high PFI (output) Oneperiodof | Two periods
low 80 MHz of 80 MHz
Timebase Timebase
* The delay ranges given for PFI and RTSI represent the fastest and slowest terminal routing within the
trigger group for agiven condition (maximum or minimum timing). This difference can be useful when
two external signals will be used together and the relative timing between the signalsisimportant.
T When DI Sample Clock is routed to a PFI output pin, the pulse width of the output is independent of
the pulse width of theinput. The pulse width is specified in anumber of periods of the 80 MHz Timebase

Table B-23. DI Timing Requirements

Time Requirement Condition Min (ns) Max (ns)
ty PFI, RTSI, or When used as DI NI 622x devices: —
PXI_STAR Sample Clock 1000.0
minimum period NI 625x/628x
devices: 100.0
t, PFI, RTSI, or When used as DI 12.0 —
PXI_STAR Sample Clock
minimum pulse
width
ts SetuptimefromPO_i — 15 —
to DI Sample Clock
ts Hold time from DI — 0 —
Sample Clock to
PO_i
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Digital Waveform Generation Timing

Todescribedigital waveform generation timing delays and requirements, we model the circuitry
as shown in Figure B-39. In the figure, PO, PFI, RTSI, and PXI_STAR represent signals at
connector pins of the M Series device. The other named signals represent internal signals.

Figure B-39. Digital Waveform Generation Timing Circuitry
PFI_i, RTSL_], _|> PO
or PXI_STARL_i DO Waveform

DO Sample Generation FIFO
Clock

\V4

PFI, RTSI,
or PXI_STAR

Other Internal {>— PFI (Output)

Signals

Figure B-40 and Tables B-24 and B-25 describe the digital waveform generation timing delays
and requirements. Your inputs must meet the requirements to ensure proper behavior.

Figure B-40. Digital Waveform Acquisition Timing Delays

! tio

PFI, RTSI, —,—II
or PXI_STAR

TR P
s gl <
PFI_i, RTSI_i, m
or PXI_STAR_i ! L
1 g 1 g
- -
DO Sample Clock
SV
-~
PO X X
Vobs tie
. S—
PFI (Output) '
Table B-24. DO Timing Delays
Time From To Min (ns) Max (ns)
t PFI PFI_i 52 6.2 18.2 22.0
RTSI RTS_i 20 25 50 6.0
PXI_STAR PXI1_STAR_i 15 35
t13 PFI_i, RTSI_i, DO Sample 35 9.5
PXI_STAR_i, or other | Clock
internal signal
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Time From To Min (ns) Max (ns)
t1a DO Sample Clock PO 75 275
ts5 DO Sample Clock PFI (output) 8.0 29.8
tg" PFI (output) high PFI (output) Two periodsof | Three periods
low 80 MHz of 80 MHz
Timebase Timebase

* The delay ranges given for PFI and RTSI represent the fastest and slowest terminal routing within the
trigger group for agiven condition (maximum or minimum timing). This difference can be useful when
two external signals will be used together and the relative timing between the signals is important.

T When DO Sample Clock is routed to a PFl output pin, the pulse width of the output isindependent of
the pulsewidth of theinput. The pulse width isspecified in anumber of periods of the 80 MHz Timebase.

Table B-25. DO Timing Requirements

width

Time Requirement Condition Min (ms) Max (ms)
t1o PFI, RTSI, or When used as NI 622x devices: 1000.0 —
PXI_STAR DO Sample NI 625x/NI 628x
minimum period Clock devices: 100.0
t1 PFI, RTSI, or When used as 12.0 —
PXI_STAR DO Sample
minimum pulse Clock

Counters Timing Diagrams

This section describes input delays, input requirements, output delays, gating modes, and
quadrature and two pulse encoder timing.

Input Delays

This section describes some of the timing delays of the counter/timer circuit. To describe delays
of the counter/timer, we model the circuitry as shown in Figure B-41. In the figure, PFI, RTSI,
and PX|_STAR represent signals at connectors pins of the M Series device. The other named

signals represent internal signals.
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Figure B-41. Counter/Timer Circuitry

PFI, RTSI, > PFI_i, RTSI_i,
or PXI_STAR or PXI_STAR_i PFI, RTSI,
or PXI_STAR
C t Gat
o Count_Enable Out_o (Counter n Gate)
Other Internal Selected_Gate - ) PFl, RTSI,
Signals - Cate 32-Bit or PXI_STAR
Logic Counter (Counter n
L1 Internal Output)
80 MHz Timebase —| Selected_Source PFI, RTSI,
i o or PXI_STAR
20 MHz Timebase —j Counter n Sour
100 kHz Timebase — (Counter n Source)
PXICLK10 —

Pin to Internal Signal Delays

Input timing is the timing specification for importing asignal to an internal bus on the M Series
device. Table B-26 shows the input timing for the counters on all input terminals. Signals refer
to the signal at the I/O connector of the device, and signals appended with _i refer to the signal
internal to the device after the input buffer.

Figure B-42. Pin to Internal Signal Delays Timing Diagram
PFI, RTSI, 4,—\—
or PXI_STAR
PFI_i, RTSI_i,
or PXI_STAR_i —l—|7

4P

ty ity

Table B-26. Pin to Internal Signal Delays Timing

Time From To Min (ns) Max (ns)
ty" PFI PFI_i 5.2 6.2 18.2 220
RTSI RTSI_i 2.0 25 5.0 6.0
STAR STARi 0.9 — — 25

* The delay ranges given for PFI and RTSI represent the fastest and slowest terminal routing within the
trigger group for agiven condition (maximum or minimum timing). This difference can be useful when
two external signals will be used together and the relative timing between the signalsisimportant.
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Selected Gate and Selected Source Delays
Tables B-27 and B-28 show the timing for the Selected Source and Selected Gate internal
signals.

Selected Sourceis used to clock the 32-bit counter. Selected Gate drives the Gate Logic, which
generates the Counter Enable signal.

All internal counter timing isreferenced to thesetwo signals. Any internal signal refersto signals
with _i from the previous table or signals coming from another subsystem inside the M Series
device. It does not include internal timebases or the PXI_CLK10.

Figure B-43. Selected Gate Delays Timing Diagram
PFI_i, RTSL_j,
or PXI_STAR_i
Selected_Gate —,—|7

had tp -<—>:t2

Table B-27. Selected Gate Delays Timing

Time From To Min (ns) Max (ns)
t, PFI_i, RTSI_i, Selected Gate 1.0 6.0
PXI_STAR_i,
or any internal signal

Figure B-44. Selected Source Delays Timing Diagram

PFI_i, RTSLi,
or PXI_STAR_i
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Table B-28. Selected Source Delays Timing

Time From To Min (ns) Max (ns)
ta PFI_i, RTSI_i, PXI_STAR_i, or any Selected 8.0 21.0
internal signal Source
20 MHz Timebase Selected 15 4.0
Source
100 kHz Timebase Selected 15 4.0
Source
80 MHz Timebase Selected 1.0 25
Source
PXI_CLK10 Selected 1.0 35
Source

Count Enable Delay

Table B-29 showstiming for the internal Count Enable signal, as shown in Figure B-41. Count
Enable enables the 32-bit counter to count on the rising edge of the Selected Source signal.

The delays depend on both the synchronization mode and gating mode for the application.
Figure B-45. Count Enable Delays

Selected_Gate

. W
- -

Count_Enable
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Table B-29. Selected Gate to Count Enable Delays

Synchronization Gating
Time Mode Mode Min (ns) Max (ns)
ts 80 MHz Source Edge 0.5 5.0
Level -1.0 0.5
Other Internal Edge 1/2 SourcePeriod - | 1/2 SourcePeriod +
Source 1ns 3ns
Level 1/2 SourcePeriod- | 1/2 SourcePeriod—
25ns 1ns
External Source Edge 75 220
Level 6.0 18.0

Input Requirements
Refer to the Figure B-41 for the M Series counter/timer circuitry.

Source Period and Pulse Width

Figure B-46 and Table B-30 show the timing requirements for Counter » Source. The
reguirements depend on the synchronization mode.

Figure B-46. Counter n Source Timing Requirements

>

ts
>

t5

Counter n Source

i ts i
D

Table B-30. Counter n Source Timing

Synchronization
Time Description Mode Min (ns)" | Max (ns)
ts Counter n Source Period 80 MHz Source 125 —
Other Internal 25.0 —
Source
External Source 50.0 —
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Table B-30. Counter n Source Timing (Continued)

Synchronization
Time Description Mode Min (ns)" | Max (ns)
ts Counter n Source Pulse 80 MHz Source 6.2 —
Width
Other Internal 125 —
Source
External Source 16.0 —

* Thetimesin this table are measured at the pin of the M Series device. For example, ts specifies the
minimum period of asignal driving aPFI, RTSI, or PXI_STAR pin when that signal isinternally routed
to Counter n Source.

Gate Pulse Width

Figure B-47 and Table B-31 show thetiming requirementsfor Counter n Gate. The requirements
depend on the gating mode.

Figure B-47. Counter n Gate Pulse Width Timing Diagram

) tz )
>

Counter n Gate

t; |

|

Table B-31. Counter n Gate Pulse Width Timing

Time Description Gating Mode Min (ns)* Max (ns)
t; Counter n Gate Pulse Edge 12.0 —
Width
Counter n Gate Pulse Level One Source Period —
Width

* Thetimesin thistable are measured at the pin of theM Seriesdevice. That is, t; specifiesthe minimum
pulse width of asignal driving a PFI, RTSI, or PXI_STAR pin when that signal is internally routed to
Counter n Gate.

Gate to Source Setup and Hold

The counter can be modeled asaset of flip flopswherethe D input is Count Enable and the clock
input is Selected Source, as shown in Figure B-41. This section shows the setup and hold
reguirements for two different cases:

e A PFI pindrives Counter n Source and adifferent PFl pin drives Counter n Gate
e Thegenera case (al other combinations of signals driving Source and Gate)
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Figure B-48 and Table B-32 show the setup and hold requirements at the PFI pinsfor the first
case (where a PFI pin drives Counter n Source and a different PFIl pin drives Counter n Gate).

Figure B-48. Gate to Source Setup and Hold Timing Diagram

PFI (Gate) X X

PFI (Source) I

Table B-32. Gate to Source Setup and Hold Timing

Gating Synchronizat
Time Description Mode ion Mode Min (ns) | Max (ns)
tes Setup time from PFl | Edge External 12.3 —
(Gate) to PFI Source
(Source)
Level External 8.3 —
Source
tan Hold time from PFI Edge External 05 —
(Gate) to PFI Source
(Source)
Level External 2.0 —
Source

Figure B-49 and Table B-33 show the setup and hold requirements of the internal block of the
DAQ-STC2. Usethetableto cal culate the setup and hold timesfor your Source and Gate signals
for the general case. In the general case, you can determine whether the setup and hold
regquirements are met by adding up the various delays of the appropriate signals through the
counter/timer circuit.

Figure B-49. DAQ-STC2 Internal Block Setup and Hold Requirements Timing Diagram

Count_Enable X X

Selected_Source

Table B-33. DAQ-STC2 Internal Block Setup and Hold Requirements Timing

Time Parameter Min (ns) Max (ns)
tos Setup 15 —
ton Hold 0 —
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Example of the General Case

Calculate the setup and hold time requirements when the Gate and Source come from PFI lines
and the Gateis used in level mode.

Note Thisexample shows how we determine the setup and hold times for the PFI
to PFl example above (first case) using level gating.

Setup

To calculate the setup time, subtract the Source delay from the Gate delay. Use maximum
delays.

Gate Delay
PFI to PFI_i 22.0ns
PFI_i to Selected Gate 6.0ns
Selected Gate to Count Enable (Level) 18.0ns
Count Enable Setup Time + 15ns
475ns
Source Delay
PFI to PFI_i 18.2ns
PFI_i to Selected Source +21.0ns
39.2ns

Tsaup > 47.5n5-39.2ns=8.3ns

Hold
To calculate the hold time, subtract the Gate delay from the Source delay. Use minimum delays.
Gate Delay
PFI to PFI_i 5.2ns
PFI_i to Selected Gate 10ns
Selected Gate to Count Enable (Level) 6.0ns
Count Enable Hold Time + 00ns
12.2 ns
Source Delay
PFI to PFI_i 6.2ns
PFl_i to Selected Source + 80ns
14.2 ns

Thoa > 14.2ns-12.2ns=2.0ns

Output Delays

Refer to the Figure B-41 for the M Series counter/timer circuitry.
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Figure B-50 and Table B-34 show the output delays.
Figure B-50. Output Delays

Selected Source X
TN
] 1
Out_o LX
Lot
' B ]
PFI, RTSI " >'<
(Counter n Internal Out) i A
Vo
PFI, RTSI >'<
(Counter n Source)
Selected Gate X
g,
«—>
PFI, RTSI X

(Counter n Gate)

Table B-34. Output Delays Timing

Time Line Min (ns) Max (ns)
to — 1.0 4.0
tyy PFI 75 28.2
RTSI 6.5 18.0
to PFI 85 322
RTSI 75 22.0
ti3 PFI 75 28.7
RTSI 6.5 18.0

Gating Modes

Gating moderefersto how the counter/timer usesthe Gateinput. Sometiming operations depend
on the gating mode. Depending on the application, the counter/timers either level gating mode
or edge gating mode.

In NI-DAQmx, the counter/timers use level gating mode for the following measurements:
e Edge counting

¢ Pulsewidth measurements

«  Two-signa edge separation measurements

All other measurements use edge gating mode.
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Quadrature and Two Pulse Encoder Timing

Counter n A, Counter n B, and Counter n Z, described in the Counter n A, Counter n B, and
Counter n Z Signals section of Chapter 7, Counters, are used in position measurements using
quadrature encoder or two-pulse encoder counting modes. Table B-35 shows the timing
requirements for these signals.

Figure B-51. Quadrature and Two Pulse Encoder Timing Diagrams

. tig . : .
g E bs E : to :
Countern A . ces : | L
' . e . : :
i Coty g i .
! I ‘ :
Countern B ; . L oeee |
: tig :
Countern Z [ ]
HEE g,
Table B-35. Quadrature and Two Pulse Encoder Timing
Time Description Min (ns)* Max (ns)
tia Counter n A Period 50.0 —
tis Counter n A Pulse Width 25.0 —
tis Counter n B Period 50.0 —
ty7 Counter n B Pulse Width 25.0 —
tis Counter n Z Pulse Width 25.0 —
tig Delay from Counter n A to Counter n B 25.0 —
tyo Delay from Counter n B to Counter n A 25.0 —
* Thetimesin this table are measured at the pin of the M Series device. For example, t;, specifies the
minimum period of asignal driving aPFI, RTSI, or PXI_STAR pin when that signal isinternally routed
to Counter n A.
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Clock Generation Timing Diagrams

Table B-36 shows delaysfor generating different clocks, described in the Clock Routing section
of Chapter 9, Digital Routing and Clock Generation, from the onboard 80 MHz oscillator.

Figure B-52. Generating Different Clocks from the Onboard 80 MHz Oscillator

Onboard 80 MHz Oscillator J

80 MHz Timebase | |

20 MHz Timebase |
100 kHz Timebase E |

&

—

1

!

!

.
B
-~

Table B-36. Generating Different Clocks from the Onboard 80 MHz Oscillator

Time From To Min (ns) Max (ns)
ty Onboard 80 MHz 80 MHz Timebase 4.0 9.0
Oscillator
to 80 MHz Timebase 20 MHz Timebase 0.5 25
ta 80 MHz Timebase 100 kHz Timebase 10 5.0
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Table B-37 shows delays for generating different clocks using an External Reference Clock and
the PLL.

Figure B-53. Generating Different Clocks Using an External Reference Clock and the PLL

RTSI <0..7> _»E
STAR_TRIG '

PXI_CLK10
(Reference Clock) |

80 MHz Timebase (PLL)

20 MHz Timebase (PLL)

p

Table B-37. Generating Different Clocks Using an External Reference Clock and the PLL

Time From To Min (ns) | Max (ns)
ts 80 MHz Timebase 20 MHz Timebase 15 5.0
ts The source of the external 80 MHz Timebase 1.0 55
reference clock (through PLL_OUT)
(RTSI <0..7>, STAR_TRIG, PX
I_CLK10)
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Troubleshooting

This section contains common questions about M Series devices. If your questions are not
answered here, refer to the National Instruments KnowledgeBase at ni . con kb.

Analog Input

I am seeing crosstalk, or ghost voltages, when sampling multiple channels. What does this
mean?

You may be experiencing aphenomenon called chargeinjection, which occurs when you sample
a series of high-output impedance sources with a multiplexer. Multiplexers contain switches,
usually made of switched capacitors. When a channel, for example Al O, isselected in a
multiplexer, those capacitors accumulate charge. When the next channel, for example Al 1, is
selected, the accumulated current (or charge) leaks backward through channel 1. If the output
impedance of the source connected to Al 1 is high enough, the resulting reading can somewhat
affect the voltage in Al 0. To circumvent this problem, use a voltage follower that has
operational amplifiers (op-amps) with unity gain for each high-impedance source before
connecting to an M Series device. Otherwise, you must decrease the sample rate for each
channel.

Another common cause of channel crosstalk is due to sampling among multiple channels at
various gains. In this situation, the settling times can increase. For more information about
charge injection and sampling channels at different gains, refer to the Multichannel Scanning
Considerations section of Chapter 4, Analog Input.

I am using my device in differential analog input ground-reference mode and I have
connected a differential input signal, but my readings are random and drift rapidly. What
is wrong?

In DIFF mode, if the readings from the DAQ device are random and drift rapidly, you should
check the ground-reference connections. The signal can be referenced to alevel that is
considered floating with reference to the device ground reference. Evenif you arein DIFF mode,
you must still reference the signal to the same ground level as the device reference. There are
various methods of achieving this reference while maintaining a high common-mode rejection
ratio (CMRR). These methods are outlined in the Connecting Analog Input Signals section of
Chapter 4, Analog Input.

Al GND isan Al common signal that routes directly to the ground connection point on the
devices. You can use this signal if you need a genera analog ground connection point to the
device. Refer to the When to Use Differential Connections with Ground-Referenced Signal
Sources section of Chapter 4, Analog Input, for more information.
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How can I use the AI Sample Clock and AI Convert Clock signals on an M Series device
to sample the Al channel(s)?

M Series devices use Al Sample Clock (ai/SampleClock) and Al Convert Clock
(ai/ConvertClock) to perform interval sampling. As Figure C-1 shows, Al Sample Clock
controls the sample period, which is determined by the following equation:
1l/sample period = sample rate
Figure C-1. Al Sample Clock and Al Convert Clock

Channel 0

Channel 1

|<— Convert Period
¢—— Sample Period ——p»

Al Convert Clock controls the convert period, which is determined by the following equation:

1/convert period = convert rate

This method allows multiple channels to be sampled relatively quickly in relationship to the
overall samplerate, providing anearly simultaneous effect with afixed delay between channels.

Analog Output

I am seeing glitches on the output signal. How can I minimize it?

When you use a DAC to generate a waveform, you may observe glitches on the output signal.
These glitches are normal; when a DA C switches from one voltage to another, it produces
glitches due to released charges. The largest glitches occur when the most significant bit of the
DAC code changes. You can build alowpass deglitching filter to remove some of these glitches,
depending on the frequency and nature of the output signal. Visit ni . com’ support for more
information about minimizing glitches.
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Counters

When multiple sample clocks on my buffered counter measurement occur before
consecutive edges on my source, I see weird behavior. Why?

Duplicate count prevention ensures that the counter returns correct data for counter
measurement in some applications where a slow or non-periodic external source is used.

Refer to the Duplicate Count Prevention section of Chapter 7, Counters, for more information.

How do I connect counter signals to my M Series device?

The Default Counter/Timer Pinouts section of Chapter 7, Counters, has information about
counter signal connections.

M Series Installation Issues

My M Series device is not detected by Measurement & Automation Explorer (MAX) or the
Windows 2000/NT/XP operating system. When using other devices (such as E Series
devices) on the same PC, they work fine. What is the problem?

Appendix D, Upgrading from E Series to M Series, lists issues encountered when upgrading
from E Seriesto M Series devices.

Customers also can refer to NI's KnowledgeBase at ni . comf kb for more updated
troubl eshooting tips and answers to frequently asked questions about M Series devices.
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Upgrading from E Series to
M Series

This appendix supplies information about the differences between M Series and E Series
multifunction 1/O families.

M Series and E Series Pinout Comparison

The pinout of Connector 0 of 68-pin M Seriesdevicesis similar to the pinout of 68-pin E Series
devices. On M Series devices, some terminals have enhanced functionality or other dight
differences. Table D-1 compares the two pinouts.
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Upgrading from E Series to M Series

Table D-1. M Series and E Series Device Pinout Comparison

M Series
E Series Signal” Signal Differences
FREQ OUT PFI 14/P2.6 E Series devices drive each of these terminals with one
particular internal timing signal.
CTROOUT PFI 12/P2.4
(GPCTRO_OUT) M Series devices can drive each terminal with the same
signal ason E Seriesdevices. On M Series devices, you
CTR10UT PFI 13/P2.5 also can route many other internal timing signalsto each
(GPCTR1_OUT) terminal.
EXT STROBE PFI 10/P2.2 OnM Seriesdevices, you also can usetheseterminalsas
additional PFI inputsto drive internal timing signals.
Al HOLD COMP PFI 11/P2.3
(SCANCLK) OnM Seriesdevices, you also can usetheseterminalsas
digital 1/0O signals.
Also refer to Chapter 8, PFI.
PFI 9/CTR 0 GATE PFI 9/P2.1 AsaPFl input, the functionality of E Series and
(GPCTRO_GATE) M Series devicesis similar for these terminals.
PFl 6/AO START TRIG | PFI 6/P1.6 E Series devices can drive each of these terminals with
(WFTRIG) one particular internal timing signal.
PFI 5/A0 SAMP CLK PFI 5/P1.5 M Series devices can drive each terminal with the same
(UPDATE) signal ason E Seriesdevices. On M Seriesdevices, you
also can route many other internal timing signalsto each
PFl /A1 REF TRIG PFI 1/P1.1 terminal.
(TRIG2) o .
OnM Seriesdevices, you aso can usetheseterminalsas
PFI 8/CTR 0 SRC PFI 8/P2.0 digital I/O signals.
(GPCTRO_SOURCE)
Also refer to Chapter 8, PFI.
PFI 7/A1 SAMP CLK PFI 7/P1.7
(STARTSCAN)
PFI 4/CTR 1 GATE PFl 4/P1.4
(GPCTR1_GATE)
PFI 3/ICTR 1 SRC PFI 3/P1.3
(GPCTR1_SOURCE)
PFI 2/A1 CONV CLK PFI 2/P1.2
(CONVERT)
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Table D-1. M Series and E Series Device Pinout Comparison (Continued)

M Series
E Series Signal” Signal Differences

PFI O/Al START TRIG PFI 0/P1.0 On E Seriesdevices, asaninput, thisterminal can either
(TRIGYL) be a PFI input or the analog trigger input.

On M Seriesdevices, asan input, thisterminal can only
be a PFI input. Analog triggers use the APFI <0,1>
terminals.

E Series devices can drive this terminal with the
Al START TRIG signal.

M Series devices, as an output, can drive this terminal
with the Al START TRIG signal. You also can route
many other internal timing signals to this terminal.

On M Series devices, you also can use thistermina as
thedigital 1/0 signal, P1.0.

Also refer to Chapter 8, PFI.

P0.6 P0.6 On both E Seriesand M Series devices, these terminals
are digital 1/0 signals. You can individually configure
FO.7 FO.7 each signal as an input or output.

On E Series devices, P0.6 and P0.7 also can control the
up/down signal of general-purpose Counters 0 and 1,
respectively.

On M Series devices, you have to use one of the PFI
terminals to control the up/down signal of
general-purpose Counters 0 and 1.

AO EXT REF APFI O On E Series devices, thisterminal is the external
(EXTREF) reference input for the AO circuitry.

On M Series devices, thisterminal can be used as the
external reference input for the AO circuitry, the
external offset for the AO circuitry, or the analog trigger
input. These functions are not available on all devices.
Refer to the specifications for your device.

Note that thisterminal isano connect on some E Series
and M Series devices.

D GND PFI 15/P2.7 On E Seriesdevices, thisisoneof the D GND terminals.
On M Series devices, thisisthe PFl 15/P2.7 terminal.

*In NI-DAQmx, National Instruments has revised terminal names so they are easier to understand and
more consistent among National Instruments hardware and software products. This column shows the
NI-DAQmx terminal names (Traditional NI-DAQ (Legacy) terminal names are shown in parentheses).
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More Information about Upgrading to M Series

The following documentswill help you overcometypical hurdlesin upgrading from E Seriesto
M Series devices:

*  Major Differences Between E Series and M Series DAQ Devices KnowledgeBase lists the
advantages of M Series over E Series and the functional differences and other differences
between the two DAQ device families. To access this KnowledgeBase, goto ni . com
i nf o and enter the Info Coder dness.

e Migrating an Application from E Series to M Series Developer Zone document highlights
the main differences to remember when moving an application from E Seriesto M Series
devices. To access this document, gotoni . cont i nf o and enter the Info Coder de2nL.

e Using E Series Accessories with M Series Devices KnowledgeBase describes how to use
68-pin E Series accessories with M Series devices. To access this KnowledgeBase, go to
ni . cond i nf o and enter the Info Coder dea2m

e M Series or S Series Devices Are Not Detected During Installation on Some Computers
KnowledgeBase describes the difference between M Series and E Series power rails, and
the PCI specification for the PCI bus and power rails, and contains an up-to-date list of
computers with power rails that do not support M Series devices. To access this
KnowledgeBase, go to ni . cont i nf o and enter the Info Coder dnsei s.
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This section lists where you can find example programs for the M Series devices and modules
and relevant documentation.

Example Programs

NI-DAQmx software includes example programs to help you get started programming with
M Series devices and modules. Modify example code and saveit in an application, or use
examples to develop a new application, or add example code to an existing application.

To locate NI software examples, gotoni . coni i nf o and enter the Info Code dagnxexp. For
additional examples, refer toni . con? exanpl es.

To run examples without the device installed, use an NI-DAQmx simulated device. For more
information, in Measurement & Automation Explorer (MAX), select Help»Help Topics»
NI-DAQmx»MAX Help for NI-DAQmx and search for simulated devices.

Related Documentation

Each application software package and driver includes information about writing applications
for taking measurements and controlling measurement devices. The following references to
documents assume you have NI-DAQmx 15.5 or later.

M Series Documentation

DAQ Getting Started Guide for PXI/PXI Express, DAQ Getting Started Guide for PCI/PCI
Express, of DAQ Getting Started Guide for Externally Powered USB, packaged with your device
or module, and also availableonni . coml manual s, show you how to install your software and
device or module. They also describe how to confirm that your device or module is operating
properly, configure your device or module, run test panels, and take a measurement.

The NI 62xx Specifications lists al specifications for your M Series device or module. Go to
ni . conm manual s and search for your device.

The B/E/M/S/X Series Calibration Procedure contains information for calibrating your
multifunction /O device. Gotoni . conf nanual s.

NI-DAQmx for Windows

The NI-DAQmx Readme lists which devices, ADEs, and NI application software are supported
by this version of NI-DAQmX.
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The NI-DAQmx Help contains AP overviews, general information about measurement
concepts, key NI-DAQmx concepts, and common applications that are applicableto all
programming environments.

NI-DAQmx for Linux

The DAQ Getting Started guides for your device describe how to install your
NI-DAQmx-supported DAQ device/modul e and confirm that your device is operating properly.

The NI-DAQ Readme for Linux lists supported devices and modules and includes software
installation instructions, frequently asked questions, and known issues.

The C Function Reference Help describes functions and attributes.

The NI-DAQmx for Linux Configuration Guide provides configuration instructions, templates,
and instructions for using test panels.

@ Note All NI-DAQmx documentation for Linux isinstalled at / usr/ | ocal /
nati nst/ ni dagmx/ docs.

@ Note USB-622x/625x/628x devices are not supported in NI-DAQmX for Linux.

NI-DAQmMx Base (Linux/Mac OS X)

The NI-DAQmx Base Getting Started Guide describes how to install your NI-DAQmx Base
software, your NI-DAQmx Base-supported DAQ device, and how to confirm that your device
is operating properly.

Getting Started with NI-DAQmx Base for Linux and Mac Users describes how to install your
NI-DAQmx Base software, your NI-DAQmXx Base-supported DAQ device, and how to confirm
that your device is operating properly on your Mac/Linux machine.

The NI-DAQmx Base Readme lists which devices are supported by this version of NI-DAQmx
Base.

The NI-DAQmx Base VI Reference Help contains V| reference and general information about
measurement concepts.

The NI-DAQmx Base C Reference Help contains C reference and general information about
measurement concepts.

@ Note All NI-DAQmx Base documentation for Linux isinstalled at
/usr/local / natinst/ni dagnxbase/ docunent ati on.

= Note All NI-DAQmx Base documentation for Mac OS X isinstalled at
/ Appl i cations/ National |nstruments/N -DAQw Base/
docunent ati on.
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\é Note USB-622x/625x/628x devices are not supported in NI-DAQmXx Base.

LabVIEW

Refertoni . conf get ti ngst ar t ed for more information about LabVIEW.

Usethe LabVIEW Help, available by selecting Help»LabVIEW Help in LabVIEW, to access
information about LabVIEW programming concepts, step-by-step instructions for using
LabVIEW, and reference information about LabVIEW Vs, functions, palettes, menus, and
tools. Refer to the following locations on the Contents tab of the LabVIEW Help for information
about NI-DAQmMX:

¢ VI and Function Reference»Measurement I/O VIs and Functions»DAQmx - Data
Acquisition VIs and Functions—Describesthe LabVIEW NI-DAQmx VIsand functions.

¢ Property and Method Reference»NI-DAQmx Properties—Contains the property
reference.

¢ Taking Measurements—Contains the conceptual and how-to information you need to

acquire and analyze measurement data in LabVIEW, including common measurements,
measurement fundamentals, NI-DAQmx key concepts, and device considerations.

LabVIEW Real-Time

Refertoni . com get ti ngst art ed for more information about getting started with
LabVIEW Real-Time.

The Real-Time Module Concepts book of the LabVIEW Real-Time Module Help includes
conceptual information about real-time programming techniques, application architectures, and
Real-Time Module features you can use to create real-time applications. Refer to the Real-Time
M odule concepts before attempting to create a deterministic real-time application.

LabWindows/CVI

The Data Acquisition book of the LabWindows/CVI Help contains Taking an NI-DAQmx
Measurement in LabWindows/CVI, which includes step-by-step instructions about creating a
measurement task using the DAQ Assistant. In LabWindows/CV 1, select Help»Contents, then
select Using LabWindows/CVI»Data Acquisition. Thisbook also containsinformation about
accessing detailed information through the NI-DAQmx Help.

The NI-DAQmx Library book of the LabWindows/CVI Help contains APl overviews and
function reference for NI-DAQmx. Select Library Reference»NI-DAQmx Library in the
LabWindows/CVI Help.

Measurement Studio
If you program your NI-DAQmx-supported device in Measurement Studio using Visual C# or

Visual Basic .NET, you can interactively create channels and tasks by launching the DAQ
Assistant from MAX or fromwithin Visual Studio. Y ou can use M easurement Studio to generate
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the configuration code based on your task or channel. Refer to the DAQ Assistant Help for
additional information about generating code.

The NI Measurement Studio Help is fully integrated with the Microsoft Visual Studio help. To
view this help file from within Visual Studio, select Measurement Studio»NI Measurement
Studio Help. For information related to developing with NI-DAQmX, refer to the following
topics within the NI Measurement Studio Help:

e For step-by-step instructions on how to create an NI-DAQmx application using the
Measurement Studio Application Wizard and the DAQ Assistant, refer to Walkthrough:
Creating a Measurement Studio NI-DAQmx Application.

e For help with NI-DAQmx methods and properties, refer to the
Nationallnstruments. DAQmx namespace and the
Nationallnstruments.DAQmx. ComponentModel namespace.

e For conceptual help with NI-DAQMX, refer to Using the Measurement Studio NI-DAQmx
.NET Library and Creating Projects with Measurement Studio NI-DAQmx.

e For general help with programming in Measurement Studio, refer to Getting Started with
the Measurement Studio Class Libraries.

To createan NI-DAQmx application using Visual Basic .NET or Visua C#, follow these general
steps:
1. InVisua Studio, select FilewNew»Project to launch the New Project dialog box.

2. Choose a programming language (Visual C# or Visual Basic .NET), and then select
Measurement Studio to see alist of project templates.

3.  Sdlect NI DAQ Windows Application. You add DAQ tasks as part of this step. Choose a
project type. You add DAQ tasks as a part of this step.

ANSI C without NI Application Software

The NI-DAQmx Help contains APl overviews and general information about measurement
concepts. Select Start»All Programs»National Instrumentsy NI-DAQmx» NI-DAQmx
Help.

The NI-DAQmx C Reference Help describes the NI-DAQmX Library functions, which you can
use with National Instruments data acquisition devices to develop instrumentation, acquisition,
and control applications. Select Start»All Programs»National Instruments»NI-DAQmx»
Text-Based Code Support»NI-DAQmx C Reference Help.

.NET Languages without NI Application Software

With the Microsoft .NET Framework, you can use NI-DAQmX to create applications using
Visual C# and Visua Basic .NET without Measurement Studio. Refer to the NI-DAQmx
Readme for specific versions supported.
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Training Courses

If you need more help getting started devel oping an application with NI products, NI offers
training courses. To enroll in a course or obtain a detailed course outline, refer toni . cont
t rai ni ng.

Technical Support on the Web

For additional support, refer toni . com support or ni . conf exanpl es.

@ Note You can download these documents at ni . con? manual s.
Many DA Q specificationsand user guides/manualsare available asPDFs. You must have Adobe
Reader 7.0 or later (PDF 1.6 or later) installed to view the PDFs. Refer to the Adobe Systems
Incorporated website at www. adobe. comto download Adobe Reader. Refer to the National

Instruments Product Manuals Library at ni . coml nanual s for updated documentation
resources.
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NI Services

NI provides global services and support as part of our commitment to your success. Take
advantage of product services in addition to training and certification programs that meet your
needs during each phase of the application life cycle; from planning and development through
deployment and ongoing maintenance.

To get started, register your product at ni . coml nypr oduct s.

As aregistered NI product user, you are entitled to the following benefits:

e Accessto applicable product services.

e  Easier product management with an online account.

« Receivecritical part notifications, software updates, and service expirations.

Log in to your MyNI user profile to get personalized access to your services.

Services and Resources

¢ Maintenance and Hardware Services—NI helpsyouidentify your systems’ accuracy and
reliability requirementsand provideswarranty, sparing, and calibration servicesto helpyou
maintain accuracy and minimize downtime over the life of your system. Visit ni . conl
servi ces for moreinformation.

—  Warranty and Repair—All NI hardware features a one-year standard warranty that
is extendable up to five years. NI offersrepair services performed in atimely manner
by highly trained factory technicians using only original parts at a NI service center.

—  Calibration—Through regular calibration, you can quantify and improve the
measurement performance of an instrument. NI provides state-of-the-art calibration
services. If your product supportscalibration, you can obtain the calibration certificate
for your product a ni . cont cal i brati on.

¢ System Integration—If you havetime constraints, limited in-house technical resources, or
other project challenges, National Instruments Alliance Partner memberscan help. Tolearn
more, call your local NI office or visit ni . conf al | i ance.

© National Instruments | F-1

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Appendix F NI Services

¢ Training and Certification—The NI training and certification program is the most
effective way to increase application development proficiency and productivity. Visit

ni . cont trai ni ng for moreinformation.

—  The Skills Guide assists you in identifying the proficiency requirements of your
current application and gives you options for obtaining those skills consistent with
your time and budget constraints and personal learning preferences. Visit ni . con!
ski | | s- gui de to seethese custom paths.

— NI offers coursesin several languages and formats including instructor-led classes at
facilities worldwide, courses on-site at your facility, and online courses to serve your
individual needs.

¢ Technical Support—Support at ni . con? suppor t includes the following resources:

—  Self-Help Technical Resources—Visit ni . com support for software drivers and
updates, a searchable KnowledgeBase, product manual s, step-by-step troubleshooting
wizards, thousands of example programs, tutorials, application notes, instrument
drivers, and so on. Registered users also receive access to the NI Discussion Forums
atni . com f or uns. NI Applications Engineers make sure every question submitted
online receives an answer.

—  Software Support Service Membership—The Standard Service Program (SSP) isa
renewable one-year subscription included with almost every NI software product,
including NI Developer Suite. This program entitles membersto direct accessto
NI Applications Engineersthrough phone and email for one-to-one technical support,
aswell as exclusive accessto online training modules at ni . cont
sel f - paced- trai ni ng. NI also offers flexible extended contract options that
guarantee your SSP benefits are available without interruption for aslong as you need
them. Visit ni . com ssp for more information.

¢ Declaration of Conformity (DoC)—A DoC isour claim of compliance with the Council
of the European Communities using the manufacturer’s declaration of conformity. This
system affords the user protection for electromagnetic compatibility (EMC) and product
safety. You can obtain the DoC for your product by visiting ni . cont certi fi cati on.

For information about other technical support optionsin your area, visit ni . cont ser vi ces,
or contact your local officeat ni . conmf cont act .

You also can visit the Worldwide Offices section of ni . cont ni gl obal to accessthe branch
office websites, which provide up-to-date contact information, support phone numbers, email
addresses, and current events.
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Symbols

+5V power source, 3-5

Numerics
10 MHz reference clock, 9-2
100 kHz Timebasg, 9-2
20 MHz Timebase, 9-2
37-pin devices
accessory options, 2-8
cabling options, 2-8
68-pin devices
accessory options, 2-3
cabling options, 2-3
80 MHz source mode, 7-36
80 MHz Timebase, 9-2

A

A/D converter, 4-2

accessories, 2-3
37-pin connector devices, 2-8
68-pin connector devices, 2-3
choosing for your device, 1-13
PCI/PCle/PX1/PXle-6251, A-30
PCI/PCle/PX1/PXle-6259, A-46
PCI/PX1-6220, A-3
PCI/PXI-6221 (68-pin), A-6
PCI/PX1-6225, A-16
PCI/PX1-6229, A-22
PCI/PXI-6250, A-28
PCI/PXI-6254, A-38
PCI/PXI-6255, A-40
PCI/PX1-6280, A-54
PCI/PX1-6281, A-56
PCI/PXI-6284, A-62
PCI/PX1-6289, A-64
PCI/XPI-6224, A-14
PCI-6221 (37-pin), A-12
USB-6221 BNC, A-10
USB-6221 Screw Terminal, A-8
USB-6225 Mass Termination, A-20
USB-6225 Screw Terminal, A-18
USB-6229 BNC, A-26

USB-6229 Screw Terminal, A-24
USB-6251 BNC, A-34
USB-6251 Mass Termination, A-36
USB-6255 Mass Termination, A-20,
A-44
USB-6259 BNC, A-50
USB-6259 Mass Termination, A-52
USB-6281 Mass Termination, A-60
USB-6289 Mass Termination, A-68
used with M Series, D-4
accuracy, analog triggers, 11-6
acquisitions
circular-buffered, 4-9
digital waveform, 6-3
double-buffered, 4-9
hardware-timed, 4-9
on-demand, 4-9
software-timed, 4-9
Al channels, sampling with Al Sample Clock
and Al Convert Clock, C-2
Al Convert Clock signal, 4-25
Al Convert Clock Timebase signal, 4-29
Al data acquisition methods, 4-9
Al FIFO, 4-2
Al Hold Complete Event signal, 4-29
Al Pause Trigger signal, 4-31
Al Reference Trigger signd, 4-30
Al Sample Clock signal, 4-23
Al Sample Clock Timebase signal, 4-25
Al Start Trigger signal, 4-29
Al timing signals, 4-21
ai/ConvertClock, 4-25
ai/ConvertClockTimebase, 4-29
ai/HoldCompleteEvent, 4-29
ai/PauseTrigger, 4-31
ai/ReferenceTrigger, 4-30
ai/SampleClock, 4-23
ai/SampleClockTimebase, 4-25
ai/StartTrigger, 4-29
analog
comparison event, routing, 11-3
comparison event, signal, 11-3
edgetriggering, 11-3
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trigger actions, 11-3
trigger types, 11-3
triggering, 11-2

analog edge triggering

with hysteresis, 11-4

analog input, 4-1

channels, 11-2
chargeinjection, C-1
circuitry, 4-1
connecting signals, 4-11
connecting through 1/0 connector, 4-1
crosstalk when sampling multiple
channels, C-1
data acquisitions, 4-9
methods, 4-9
differential, troubleshooting, C-1
getting started with applicationsin
software, 4-32
ghost voltages when sampling multiple
channels, C-1
ground-reference settings, 4-1
lowpassfilter, 4-3
MUX, 4-1
range, 4-2
sampling channels with Al Sample
Clock and Al Convert Clock, C-2
signals, 4-21
Al Convert Clock, 4-25
Al Convert Clock Timebase, 4-29
Al Hold Complete Event, 4-29
Al Pause Trigger, 4-31
Al Reference Trigger, 4-30
Al Sample Clock, 4-23
Al Sample Clock Timebase, 4-25
Al Start Trigger, 4-29
timing diagrams, B-1
timing signals, 4-21
triggering, 4-10
troubleshooting, C-1

analog output, 5-1

I-2

circuitry, 5-1

connecting signals, 5-5

data generation methods, 5-3
fundamentals, 5-1

| ni.com

getting started with applicationsin
software, 5-10
glitches on the output signal, 5-3
offset, 5-2
reference selection, 5-2
signals, 5-6
AO Pause Trigger, 5-7
AO Sample Clock, 5-8
AO Sample Clock Timebase, 5-9
AO Sart Trigger, 5-6
timing diagrams, B-20
timing signas, 5-6
trigger signals, 5-5
triggering, 5-5
troubleshooting, C-2
analog source, triggering, 11-2
analog to digital converter, 4-2
analog trigger, 11-2
accuracy, 11-6
actions, 11-3
improving accuracy, 11-6
analog window triggering, 11-5
ANSI C documentation, E-4
AOFIFO, 5-1
AO offset, 5-1
AO offset and AO reference selection
settings, 5-2
AO Pause Trigger signal, 5-7
AO reference selection, 5-1
AO Sample Clock, 5-1
AO Sample Clock signal, 5-8
AO Sample Clock Timebase signal, 5-9
AO Sart Trigger signal, 5-6
ao/PauseTrigger, 5-7
ao/SampleClock, 5-8
ao/StartTrigger, 5-6
APFI terminals, 11-2
applications
counter input, 7-1
counter output, 7-19
edge counting, 7-2
arm start trigger, 7-29
avoiding scanning faster than necessary, 4-8
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B

buffered
edge counting, 7-3
hardware-timed acquisitions, 4-9
hardware-timed generations, 5-4
period measurement, 7-6
position measurement, 7-17
pulse-width measurement, 7-4
semi-period measurement, 7-7
two-signal edge-separation

measurement, 7-18

bus
interface, 10-1
RTSI, 9-4

C

C Series 1/O module
specifications, E-1

cable management, 1-8

cables, 2-3
37-pin connector devices, 2-8
68-pin connector devices, 2-3
choosing for your device, 1-13
custom, 2-7
PCI/PCle/PXI/PX1e-6251, A-30
PCI/PCle/PXI/PX1e-6259, A-46
PCI/PX1-6220, A-3
PCI/PX1-6221 (68-pin), A-6
PCI/PX1-6224, A-14
PCI/PX1-6225, A-16
PCI/PX1-6229, A-22
PCI/PX1-6250, A-28
PCI/PX1-6254, A-38
PCI/PX1-6255, A-40
PCI/PX1-6280, A-54
PCI/PX1-6281, A-56
PCI/PX1-6284, A-62
PCI/PX1-6289, A-64
PCI-6221 (37-pin), A-12
USB-6225 Mass Termination, A-20
USB-6251 Mass Termination, A-36
USB-6255 Mass Termination, A-44
USB-6259 Mass Termination, A-52
USB-6281 Mass Termination, A-60
USB-6289 Mass Termination, A-68

M Series User Manual

calibration, 1-4
cascading counters, 7-30
Change Detection Event signdl, 6-7
changing data transfer methods
between DMA and IRQ, 10-2, 10-3
between USB signal stream and
programmed 1/O, 10-3
channel
scanning order, 4-7
Z behavior, 7-16
channels
analog input, 11-2
sampling with Al Sample Clock and Al
Convert Clock, C-2
charge injection, C-1
choosing frequency measurement, 7-11
circular-buffered acquisition, 4-9
clock
10 MHz reference, 9-2
externa reference, 9-2
generation, 9-1
timing diagrams, B-41
PX1, and trigger signals, 9-8
routing, 9-1
CompactPCl, using with PXI, 10-4
configuring Al ground-reference settingsin
software, 4-6
connecting
analog input signals, 4-11
analog output signals, 5-5
counter signals, C-3
digital I/O signals, 6-8
floating signal sources, 4-12
ground-referenced signal sources, 4-17
PFl input signals, 8-3
connections
for floating signal sources, 4-17
single-ended for floating signal
sources, 4-17
single-ended, RSE configuration, 4-17
connector
information, 3-1
PCI/PCle/PX1/PXle-6251 pinout, A-29
PCI/PCle/PX1/PXle-6259 pinout, A-45
PCI/PX1-6220 pinout, A-2
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PCI/PX1-6221 (68-pin) pinout, A-4
PCI/PXI-6224 pinout, A-13
PCI/PX1-6225 pinout, A-15
PCI/PX1-6229 pinout, A-21
PCI/PX1-6250 pinout, A-27
PCI/PXI-6254 pinout, A-37
PCI/PXI-6255 pinout, A-39
PCI/PX1-6280 pinout, A-53
PCI/PX1-6281 pinout, A-55
PCI/PX1-6284 pinout, A-61
PCI/PX1-6289 pinout, A-63
PCI-6221 (37-pin) pinout, A-11
RTSI, 3-7
USB-6221 BNC pinout, A-9
USB-6221 Screw Terminal pinout, A-7
USB-6225 Mass Termination

pinout, A-19
USB-6225 Screw Terminal pinout, A-17
USB-6229 BNC pinout, A-25
USB-6229 Screw Termina pinout, A-23
USB-6251 BNC pinout, A-33
USB-6251 Mass Termination

pinout, A-35
USB-6251 Screw Terminal pinout, A-31
USB-6255 Mass Termination

pinout, A-43
USB-6255 Screw Terminal pinout, A-41
USB-6259 BNC pinout, A-49
USB-6259 Mass Termination

pinout, A-51
USB-6259 Screw Terminal pinout, A-47
USB-6281 Mass Termination

pinout, A-59
USB-6281 Screw Termina pinout, A-57
USB-6289 Mass Termination

pinout, A-67
USB-6289 Screw Terminal pinout, A-65

considerations

conti

for field wiring, 4-21

for multichannel scanning, 4-6
for PXI, 10-3

nuous pulse train generation, 7-21

controller, DMA, 10-2
controlling counting direction, 7-2
count enable delay, B-34

-4 |
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counter
input and output, 7-28
output applications, 7-19
terminals, default, 7-28
Counter n A signal, 7-27
Counter n Aux signal, 7-26
Counter n B signdl, 7-27
Counter n Gate signal, 7-25
Counter n HW Arm signal, 7-27
Counter n Internal Output signal, 7-28
Counter n Source signal, 7-24
Counter n TC signal, 7-28
Counter n Up_Down signal, 7-27
Counter n Z signd, 7-27
counter signals
Counter n A, 7-27
Counter n Aux, 7-26
Counter n B, 7-27
Counter n Gate, 7-25
Counter n HW Arm, 7-27
Counter n Internal Output, 7-28
Counter n Source, 7-24
Counter n TC, 7-28
Counter n Up_Down, 7-27
FREQ OUT, 7-28
Frequency Output, 7-28
counters, 7-1
cascading, 7-30
connecting terminals, 7-28
duplicate count prevention, 7-32
edge counting, 7-2
filters, 7-30
generation, 7-19
input applications, 7-1
other features, 7-30
output applications, 7-19
prescaling, 7-32
pulse train generation, 7-21
retriggerable single pulse
generation, 7-20
simple pulse generation, 7-19
single pulse generation, 7-19
single pulse generation with start
trigger, 7-20
synchronization modes, 7-35
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timing diagrams, B-31
counter input delays, B-31
timing signals, 7-24
triggering, 7-29
troubleshooting, C-3
counting edges, 7-2
crosstalk when sampling multiple
channels, C-1
custom cabling, 2-7

D
DACs, 5-1
DAQ
hardware, 2-1
system, 2-1
DAQ-6202, 2-2
DAQ-STC2, 2-2
data
acquisition methods, 4-9
generation methods, 5-3
transfer methods, 10-1, 10-2
DMA, 10-1
IRQ, 10-2
programmed 1/0, 10-2, 10-3
USB Signal Stream, 10-2
default
counter terminals, 7-28
NI-DAQmx counter/timer pins, 7-28
pins, 7-28
detection, troubleshooting, C-3
device
information, A-1
multiple synchronization, 9-3
NI 6220, A-2
NI 6221, A-4
NI 6224, A-13
NI 6225, A-15
NI 6229, A-21
NI 6250, A-27
NI 6251, A-29
NI 6254, A-37
NI 6255, A-39
NI 6259, A-45
NI 6280, A-53
NI 6281, A-55
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NI 6284, A-61
NI 6289, A-63
pinouts, 1-13
self-calibration, 1-4
specifications, A-1
DI change detection, 6-7
DI Sample Clock signdl, 6-3
di/SampleClock, 6-3
DIFF connections
using with floating signal sources, 4-13
using with ground-referenced signal
sources, 4-19
when to use with floating signal
sources, 4-12
when to use with ground-referenced
signal sources, 4-18
differential analog input, troubleshooting, C-1
differential connections
using with floating signal sources, 4-13
using with ground-referenced signal
sources, 4-19
when to use with floating signal
sources, 4-12
when to use with ground-referenced
signal sources, 4-18
digital
waveform acquisition, 6-3
waveform generation, 6-4
digital 1/0, 6-1
block diagram, 6-1
circuitry, 6-1
connecting signals, 6-8
DI change detection, 6-7
digital waveform generation, 6-4
getting started with applicationsin
software, 6-9
1/O protection, 6-5
programmable power-up states, 6-6
static DIO, 6-2
timing diagrams, B-28
triggering, 11-1
waveform acquisition, 6-3
waveform triggering, 6-2
digital routing, 9-1
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digital signals
Change Detection Event, 6-7
connecting, 6-8
DI Sample Clock, 6-3
DO Sample Clock, 6-4
digital source, triggering, 11-1
digital waveform
acquisition, 6-3
generation, 6-4
disk drive power (PCl Express), 1-5
disk drive power connector (PCl Express
devices), 1-5
DMA, 10-2
as atransfer method, 10-1
changing data transfer methods, 10-2,
10-3
controllers, 10-2
DO Sample Clock signdl, 6-4
do/SampleClock, 6-4
double-buffered acquisition, 4-9
duplicate count prevention, 7-32
enabling in NI-DAQmX, 7-35
example, 7-33
prevention example, 7-34
troubleshooting, C-3

E

E Series
differences from M Series, D-4
migrating applications from, D-4
pinout comparison versus M Series, D-1
upgrading from, D-4

edge counting, 7-2
buffered, 7-3
on-demand, 7-2
sample clock, 7-3
single point, 7-2

edge-separation measurement
buffered two-signal, 7-18
singletwo-signal, 7-18

enabling duplicate count prevention in

NI-DAQmX, 7-35
encoders, quadrature, 7-15

-6 | ni.com

encoding
X1, 7-15
X2, 7-15
X4, 7-15
equivalent time sampling, 7-23
example programs, E-1
exporting timing output signals using PFI
terminals, 8-2
external reference clock, 9-2
external source mode, 7-36

F

features, counter, 7-30
field wiring considerations, 4-21
filters
counter, 7-30
PFI, 8-4
PX1_STAR, 9-8
RTSI, 9-6
finite pulse train timing generation, 7-22
floating signal sources
connecting, 4-12
description, 4-12
using in differential mode, 4-13
using in NRSE mode, 4-16
using in RSE mode, 4-17
when to usein differential mode, 4-12
when to use in NRSE mode, 4-12
when to use in RSE mode, 4-13
FREQ OUT signal, 7-28
frequency
division, 7-23
generation, 7-22
generator, 7-22
measurement, 7-8
Frequency Output signal, 7-28
fuse replacement
USB-6221 Screw Terminal, A-8, A-10
USB-6225 Mass Termination, A-20
USB-6225 Screw Terminal, A-18
USB-6229 BNC, A-26
USB-6229 Screw Terminal, A-24, A-32
USB-6251 BNC, A-34
USB-6251 Mass Termination, A-36
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USB-6251 Screw Terminal, A-32, A-42,

A-48, A-58, A-66

USB-6255 Mass Termination, A-44
USB-6255 Screw Terminal, A-42
USB-6259 BNC, A-50

USB-6259 Mass Termination, A-52
USB-6259 Screw Terminal, A-48
USB-6281 Mass Termination, A-60
USB-6281 Screw Terminal, A-58
USB-6289 Mass Termination, A-68
USB-6289 Screw Terminal, A-66

fuse replacement (USB devices), 3-7

G

generations
analog output data, 5-3
buffered hardware-timed, 5-4
clock, 9-1
continuous pulse train, 7-21
digital waveform, 6-4
frequency, 7-22
hardware-timed, 5-4
non-buffered hardware-timed, 5-5
pulsefor ETS, 7-23
pulsetrain, 7-21
retriggerable single pulse, 7-20
simple pulse, 7-19
single pulse, 7-19
single pulse with start trigger, 7-20
software-timed, 5-3
getting started, 1-3
Al applications in software, 4-32
AO applications in software, 5-10
DIO applications in software, 6-9
ghost voltages when sampling multiple
channels, C-1
ground-reference
connections, checking, C-1
settings, 4-1, 4-4
analog input, 4-4
ground-referenced signal sources
connecting, 4-17
description, 4-17
using in differential mode, 4-19
using in NRSE mode, 4-20

M Series User Manual

when to use in differential mode, 4-18
when to use in NRSE mode, 4-18
when to use in RSE mode, 4-19

H
hardware, 2-1
hardware installation, 1-3
hardware-timed
acquisitions, 4-9
generations, 5-4
hysteresis, analog edge triggering with, 11-4

I
1/O connector, 3-1

PCI/PCle/PX1/PXle-6251 pinout, A-29
PCI/PCle/PX1/PXle-6259 pinout, A-45
PCI/PX1-6220 pinout, A-2
PCI/PX1-6221 (68-pin) pinout, A-4
PCI/PX1-6224 pinout, A-13
PCI/PX1-6225 pinout, A-15
PCI/PX1-6229 pinout, A-21
PCI/PX1-6250 pinout, A-27
PCI/PX1-6254 pinout, A-37
PCI/PX1-6255 pinout, A-39
PCI/PX1-6280 pinout, A-53
PCI/PX1-6281 pinout, A-55
PCI/PX1-6284 pinout, A-61
PCI/PX1-6289 pinout, A-63
PCI-6221 (37-pin) pinout, A-11
USB-6221 BNC pinout, A-9
USB-6221 Screw Terminal pinout, A-7
USB-6225 Mass Termination

pinout, A-19
USB-6225 Screw Terminal pinout, A-17
USB-6229 BNC pinout, A-25
USB-6229 Screw Terminal pinout, A-23
USB-6251 BNC pinout, A-33
USB-6251 Mass Termination

pinout, A-35
USB-6251 Screw Terminal pinout, A-31
USB-6255 Mass Termination

pinout, A-43
USB-6255 Screw Terminal pinout, A-41
USB-6259 BNC pinout, A-49
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USB-6259 Mass Termination
pinout, A-51
USB-6259 Screw Terminal pinout, A-47
USB-6281 Mass Termination
pinout, A-59
USB-6281 Screw Terminal pinout, A-57
USB-6289 Mass Termination
pinout, A-67
USB-6289 Screw Terminal pinout, A-65
1/0O protection, 6-5, 8-5
improving analog trigger accuracy, 11-6
input signals
using PFI terminals as, 8-2
using RTSI terminals as, 9-6
input timing, analog input, B-3
insertion of grounded channels between
signal channels, 4-7
installation
hardware, 1-3
NI-DAQ, 1-3
other software, 1-3
troubleshooting, C-3
instrumentation amplifier, 4-1
interface, bus, 10-1
internal timing, analog input, B-5
interrupt request, as a transfer method, 10-2
IRQ
as atransfer method, 10-2
changing data transfer methods, 10-2,
10-3

L
LabVIEW documentation, E-3
LabVIEW Real-Time documentation, E-3
LabWindows/CVI documentation, E-3
LED patterns
USB devices, 3-7
USB-6221 Screw Terminal, A-8, A-10,
A-14, A-16
USB-6225 Mass Termination, A-20
USB-6225 Screw Terminal, A-18
USB-6229 BNC, A-26
USB-6229 Screw Terminal, A-24
USB-6251 BNC, A-34
USB-6251 Mass Termination, A-36
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USB-6251 Screw Terminal, A-32
USB-6255 Mass Termination, A-44
USB-6255 Screw Terminal, A-42
USB-6259 BNC, A-50
USB-6259 Mass Termination, A-52
USB-6259 Screw Terminal, A-48
USB-6281 Mass Termination, A-60
USB-6281 Screw Terminal, A-58
USB-6289 Mass Termination, A-68
USB-6289 Screw Terminal, A-66
low impedance sources, 4-6
lowpass filter, analog input, 4-3

M
M Series
and E Series accessories, D-4
differences from E Series, D-4
information, A-1
migrating applications to, D-4
pinout comparison versus E Series, D-1
specifications, A-1
upgrading to, D-4
M easurement Studio documentation, E-3
measurements
buffered period, 7-6
buffered pulse-width, 7-4
buffered semi-period, 7-7
buffered two-signal
edge-separation, 7-18
choosing frequency, 7-11
frequency, 7-8
period, 7-5
position, 7-14
pulse-width, 7-3
semi-period, 7-7
single period, 7-5
single pulse-width, 7-4
single semi-period, 7-7
single two-signal edge-separation, 7-18
two-signal edge-separation, 7-17
using quadrature encoders, 7-15
using two pulse encoders, 7-16
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measuring
high frequency with two counters, 7-9
large range of frequencies using two
counters, 7-10
low frequency with one counter, 7-8
averaged, 7-9
methods, data transfer, 10-1, 10-2
minimizing
glitches on the output signal, 5-3
output signal glitches, C-2
voltage step between adjacent
channels, 4-8
multichannel scanning considerations, 4-6
multiple device synchronization, 9-3
MUX, 4-1

N
.NET languages documentation, E-4
NI 6220, A-2
accessory options, A-3
cabling options, A-3
pinout, A-2
specifications, A-3
NI 6221, A-4
NI 6224, A-13
accessory options, A-14, A-20
cabling options, A-14, A-20
pinout, A-13
specifications, A-14, A-16
NI 6225, A-15
specifications, A-20
NI 6229, A-21
NI 6250, A-27
accessory options, A-28
cabling options, A-28
pinout, A-27
specifications, A-28
NI 6251, A-29
specifications, A-36
NI 6254, A-37
accessory options, A-38
cabling options, A-38
pinout, A-37
specifications, A-38
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NI 6255, A-39
specifications, A-40, A-44
NI 6259, A-45
specifications, A-52
NI 6280, A-53
accessory options, A-54
cabling options, A-54
pinout, A-53
specifications, A-54
NI 6281, A-55
specifications, A-56
NI 6284, A-61
accessory options, A-62
cabling options, A-62
pinout, A-61
specifications, A-62
NI 6289, A-63
specifications, A-64, A-68
NI-DAQmMx
default counter terminals, 7-28
documentation, E-1
enabling duplicate count
prevention, 7-35
installation, 1-3
NI-PGIA, 4-1
non-buffered
hardware-timed acquisitions, 4-10
hardware-timed generations, 5-5
non-referenced single-ended connections
using with floating signal sources, 4-16
using with ground-referenced signal
sources, 4-20
when to use with floating signal
sources, 4-12
when to use with ground-referenced
signal sources, 4-18
NRSE connections
using with floating signal sources, 4-16
using with ground-referenced signal
sources, 4-20
when to use with floating signal
sources, 4-12
when to use with ground-referenced
signal sources, 4-18
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O

on-demand
acquisitions, 4-9
edge counting, 7-2
timing, 4-9
options, 2-10
order of channelsfor scanning, 4-7
other
interna source mode, 7-36
software, installing, 1-3
output
signal glitches, C-2
minimizing, 5-3

terminal, routing analog comparison

events, 11-3
outputs, using RTSI as, 9-5
overview, 2-1

P
pause trigger, 7-30
analog input internal timing
diagram, B-17
PCI Express
See also PCle-6251
See also PCle-6259
disk drive power connector, 1-5
PCI/PCle/PX1/PXle-6251
accessory options, A-30
cabling options, A-30
pinout, A-29
specifications, A-30
PCI/PCle/PX1/PX1e-6259
accessory options, A-46
cabling options, A-46
pinout, A-45
specifications, A-46
PCI/PXI-6221 (68-pin)
accessory options, A-6, A-12
cabling options, A-6, A-12
pinout, A-4
specifications, A-6
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PCI/PX1-6225
accessory options, A-16
cabling options, A-16
pinout, A-15
specifications, A-16

PCI/PX1-6229
accessory options, A-22
cabling options, A-22
pinout, A-21
specifications, A-22

PCI/PX1-6255
accessory options, A-40
cabling options, A-40
pinout, A-39

PCI/PX1-6281
accessory options, A-56
cabling options, A-56
pinout, A-55

PCI/PX1-6289, A-63
accessory options, A-64
cabling options, A-64
pinout, A-63

PCI-6220, A-2

PCI-6221 (37-pin)
pinout, A-11
specifications, A-12

PCI-6221 (68-pin), A-4

PCI-6224, A-13

PCI-6225, A-15

PCI-6229, A-21

PCI-6250, A-27

PCI-6251, A-29

PCI-6254, A-37

PCI-6255, A-39

PCI-6259, A-45

PCI-6280, A-53

PCI-6281, A-55

PCI-6284, A-61

PCle-6251, A-29

PCle-6259, A-45

period measurement, 7-5
buffered, 7-6
single, 7-5

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



PFI, 8-1
connecting input signals, 8-3
exporting timing output signals using
PFI terminals, 8-2
filters, 8-4
1/0 protection, 8-5
programmabl e power-up states, 8-5
using terminals as static digital 1/0s, 8-3
using terminals as timing input
signals, 8-2
PFI terminas as static digital 1/Os, 8-3
pin assignments. See pinouts
pinouts
comparison, D-1
counter default, 7-28
device, 1-13
NI 6250, A-27
NI 6254, A-37
NI 6280, A-53
NI 6284, A-61
PCI/PCle/PX1/PXle-6251, A-29
PCI/PCle/PX1/PX1e-6259, A-45
PCI/PX1-6220, A-2
PCI/PX1-6221 (68-pin), A-4
PCI/PXI-6224, A-13
PCI/PXI-6225, A-15
PCI/PXI-6229, A-21
PCI/PX1-6255, A-39
PCI/PX1-6281, A-55
PCI/PX1-6289, A-63
PCI-6221 (37-pin), A-11
RTSI connector, 3-7, 9-4
USB-6221 BNC, A-9
USB-6221 Screw Terminal, A-7
USB-6225 Mass Termination, A-19
USB-6225 Screw Terminal, A-17
USB-6229 BNC, A-25
USB-6229 Screw Terminal, A-23
USB-6251 BNC, A-33
USB-6251 Mass Termination, A-35
USB-6251 Screw Terminal, A-31
USB-6255 Mass Termination, A-43
USB-6255 Screw Terminal, A-41
USB-6259 BNC, A-49
USB-6259 Mass Termination, A-51

M Series User Manual

USB-6259 Screw Terminal, A-47
USB-6281 Mass Termination, A-59
USB-6281 Screw Terminal, A-57
USB-6289 Mass Termination, A-67
USB-6289 Screw Terminal, A-65
pins, default, 7-28
position measurement, 7-14
buffered, 7-17
power
+5V, 3-5
connector, PCl Express disk drive, 1-5
rail, D-4
power-up stetes, 6-6, 8-5
prescaling, 7-32
programmable
function interface (PFl), 8-1
power-up stetes, 6-6, 8-5
programmed 1/0O, 10-2, 10-3
changing data transfer methods, 10-3
programming devices in software, 2-11
pulse
encoders, 7-16
generation for ETS, 7-23
train generation, 7-21
continuous, 7-21
pulse-width measurement, 7-3
buffered, 7-4
single, 7-4
PXI
and PXI Express, 10-3
clock, 10-3
clock and trigger signals, 9-8
considerations, 10-3
trigger signals, 10-3
triggers, 9-8
using with CompactPCl, 10-4
PX1 Express
See also PXle-6251
See also PXle-6259
and PXI, 10-3
chassis compatibility, 10-3
PX1_CLK10, 9-8
PX|_STAR
filters, 9-8
trigger, 9-8
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PX1-6220, A-2
PX1-6221, A-4
PX1-6224, A-13
PX1-6225, A-15
PX1-6229, A-21
PX1-6250, A-27
PX1-6251, A-29
PX1-6254, A-37
PX1-6255, A-39
PX1-6259, A-45
PX1-6280, A-53
PX1-6281, A-55
PX1-6284, A-61
PXle-6251, A-29
PX1e-6259, A-45

Q

quadrature encoders, 7-15

R
range, analog input, 4-2
real-time system integration bus, 9-4
reciprocal frequency measurement, 7-10
reference
clock
10 MHz, 9-2
external, 9-2
trigger, analog input internal
timing, B-13
referenced single-ended connections
using with floating signal sources, 4-17
when to use with floating signal
sources, 4-13
when to use with ground-referenced
signal sources, 4-19
retriggerable single pulse generation, 7-20
routing
analog comparison event to an output
terminal, 11-3
clock, 9-1
digital, 9-1
RSE configuration, 4-17
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RSE connections
using with floating signal sources, 4-17
when to use with floating signal
sources, 4-13
when to use with ground-referenced
signal sources, 4-19
RTSI, 9-4
connector pinout, 3-7, 9-4
filters, 9-6
using as outputs, 9-5
using terminals as timing input
signas, 9-6

S
safety guidelines
for hazardous voltages, 1-2
sample clock
analog input internal timing, B-15
edge counting, 7-3
sample clock measurement, 7-17
scanning speed, 4-8
SCC, 2-11
SCXI, 2-10
self-calibration, 1-4
semi-period measurement, 7-7
buffered, 7-7
single, 7-7
sensors, 2-10
Settings
analog input ground-reference, 4-4
AO offset, 5-2
AO reference selection, 5-2
short high-quality cabling, 4-7
signal conditioning, 2-10
options, 2-10
signal descriptions, 3-1
signal label
USB screw terminal devices, 1-6
signal routing, RTSI bus, 9-4
signal sources
floating, 4-12
ground-referenced, 4-17
Signal Stream, USB, 10-2
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signals
Al Convert Clock, 4-25
Al Convert Clock Timebase, 4-29
Al Hold Complete Event, 4-29
Al Pause Trigger, 4-31
Al Reference Trigger, 4-30
Al Sample Clock, 4-23
Al Sample Clock Timebase, 4-25
Al Start Trigger, 4-29
analog input, 4-21
analog output, 5-6
AO Pause Trigger, 5-7
AO Sample Clock, 5-8
AO Sample Clock Timebase, 5-9
AO Start Trigger, 5-6
Change Detection Event, 6-7
connecting analog input, 4-11
connecting analog output, 5-5
connecting counter, C-3
connecting digital 1/0, 6-8
connecting PFI input, 8-3
Counter n A, 7-27
Counter n Aux, 7-26
Counter n B, 7-27
Counter n Gate, 7-25
Counter n HW Arm, 7-27
Counter n Internal Output, 7-28
Counter n Source, 7-24
Counter n TC, 7-28
Counter n Up_Down, 7-27
Countern Z, 7-27
counters, 7-24
DI Sample Clock, 6-3
DO Sample Clock, 6-4
exporting timing output using PFI

terminals, 8-2

FREQ OUT, 7-28
Freguency Output, 7-28
minimizing output glitches, C-2

output, minimizing glitches on, 5-3

simple pulse generation, 7-19
single
period measurement, 7-5
point edge counting, 7-2
pulse generation, 7-19

M Series User Manual

retriggerable, 7-20
with start trigger, 7-20
pulse-width measurement, 7-4
semi-period measurement, 7-7
two-signal edge-separation
measurement, 7-18
single-ended connections
for floating signal sources, 4-17
RSE configuration, 4-17
software, 1-3
configuring Al ground-reference
settings, 4-6
programming devices, 2-11
software-timed
acquisitions, 4-9
generations, 5-3
specifications, A-1
PCI/PCle/PX1/PXle-6251, A-30
PCI/PCle/PX1/PX1e-6259, A-46
PCI/PX1-6220, A-3
PCI/PX1-6221, A-6
PCI/PX1-6224, A-14, A-16
PCI/PX1-6225, A-16
PCI/PX1-6229, A-22
PCI/PX1-6250, A-28
PCI/PX1-6254, A-38
PCI/PX1-6255, A-40
PCI/PX1-6280, A-54
PCI/PX1-6281, A-56
PCI/PX1-6284, A-62
PCI/PX1-6289, A-64
PCI-6221 (37-pin), A-12
USB-6221 Screw Terminal, A-8, A-10,
A-12, A-14, A-16
USB-6225 Mass Termination, A-20
USB-6225 Screw Terminal, A-18
USB-6229 BNC, A-26
USB-6229 Screw Terminal, A-24, A-32
USB-6251 BNC, A-34
USB-6251 Mass Termination, A-36
USB-6251 Screw Terminal, A-32
USB-6255 Mass Termination, A-44
USB-6255 Screw Terminal, A-42
USB-6259 BNC, A-50
USB-6259 Mass Termination, A-52
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USB-6259 Screw Terminal, A-48
USB-6281 Mass Termination, A-60
USB-6281 Screw Terminal, A-58
USB-6289 Mass Termination, A-68
USB-6289 Screw Terminal, A-66
start
analog input internal timing, B-9
trigger, 7-30
static DIO, 6-2
using PFl terminals as, 8-3
switching from alarge to a small input
range, 4-7
synchronization modes, 7-35
80 MHz source, 7-36
externa source, 7-36
other internal source, 7-36
synchronizing multiple devices, 9-3
synchronous counting mode, 7-32

T

technical support, E-5
terminal configuration, 4-4
analog input, 4-1
terminal name, D-1
terminals
connecting counter, 7-28
NI-DAQmx default counter, 7-28
Timebase
100 kHz, 9-2
20 MHz, 9-2
80 MHz, 9-2
timed acquisitions, 4-9
timing diagrams
Al timing clocks, B-5
analog input, B-1
analog input internal timing, B-5
analog input output timing, B-18
analog input pause trigger, B-17
analog input reference trigger, B-13
analog input sample clock, B-15
analog input signal definitions, B-2
analog input Start, B-9
analog input timing, B-3
analog output, B-20
analog output input timing, B-21
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analog output Pause Trigger, B-26
analog output pause trigger, B-23
analog output signal definitions, B-20
analog output Start trigger, B-23
analog output timing Start trigger, B-25
clock generation, B-41
Convert Clock, B-7
count enable delays, B-34
counter gating modes, B-39
counter input requirements, B-35
counter output delays, B-38
counter pin to internal signal
delays, B-32
counters, B-31
digital 1/0, B-28
digital waveform acquisition, B-28
digital waveform generation, B-30
gate pulse width input
requirements, B-36
gate to source setup and hold, B-36
input timing verification, B-24
internal analog output timing, B-22
output timing, B-25
pulse width input requirements, B-35
quadrature encoder, B-40
selected gate to count enable
delays, B-34
selected gate to selected source
delays, B-33
source period input requirements, B-35
two pulse encoder, B-40
timing output signal's, exporting using PFI
terminals, 8-2
training, E-5
transducers, 2-10
trigger, 11-1
analog actions, 11-3
arm start, 7-29
pause, 7-30
PXI1, 9-8
PXI_STAR, 9-8
Star Trigger, 9-8
start, 7-30
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triggering, 11-1
analog accuracy, 11-6
analog actions, 11-3
analog edge, 11-3
analog edge with hysteresis, 11-4
analog input, 4-10
analog input channels, 11-2
analog types, 11-3
analog window, 11-5
APFI terminds, 11-2
counter, 7-29
digital waveform, 6-2
with adigital source, 11-1
with an analog source, 11-2
troubleshooting
analog input, C-1
analog output, C-2
counters, C-3
installation, C-3
two-signal edge-separation
measurement, 7-17
buffered, 7-18
single, 7-18
types of analog triggers, 11-3

U
upgrading from E Seriesto M Series, D-4
USB

bulk transfers, 10-2

cable strain relief, 1-8, 1-12

Signa Stream, 10-2
USB M Series

device security, 1-8

security cable dot, 1-8
USB Signal Stream, 10-2

as atransfer method, 10-2

changing data transfer methods, 10-3
USB-6221 BNC

cable management, 1-8

pinout, A-9

USB cable strain relief, 1-8
USB-6221 Mass Termination

USB cable strain relief, 1-8

M Series User Manual

USB-6221 Screw Terminal
accessory options, A-8, A-10, A-18,
A-24, A-26, A-34, A-50
cabling options, A-8, A-10, A-18, A-24,
A-26, A-34, A-50
fuse replacement, A-8, A-10
LED patterns, A-8, A-10, A-14, A-16
pinout, A-7
signal label, 1-6
specifications, A-8, A-10, A-12, A-14,
A-16
USB cable strain relief, 1-8, 1-12
USB-6225 Mass Termination, A-15
accessory options, A-20
cabling options, A-20
fuse replacement, A-20
LED patterns, A-20
pinout, A-19
specifications, A-20
USB cable strain relief, 1-8, 1-12
USB-6225 Screw Terminal, A-15
fuse replacement, A-18
LED patterns, A-18
pinout, A-17
signal label, 1-6
specifications, A-18
USB cable strain relief, 1-8, 1-12
USB-6229 BNC
cable management, 1-8
fuse replacement, A-26
LED patterns, A-26
pinout, A-25
specifications, A-26
USB cable strain relief, 1-8
USB-6229 Screw Terminal
fuse replacement, A-24, A-32
LED patterns, A-24
pinout, A-23
signal label, 1-6
specifications, A-24, A-32
USB cable strain relief, 1-8, 1-12
USB-6251 BNC
cable management, 1-8
fuse replacement, A-34
LED patterns, A-34
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pinout, A-33

specifications, A-34

USB cable strain relief, 1-8
USB-6251 Mass Termination

accessory options, A-36

cabling options, A-36

fuse replacement, A-36

LED patterns, A-36

pinout, A-35

specifications, A-36

USB cable strain relief, 1-8, 1-12
USB-6251 Screw Terminal

fuse replacement, A-32, A-42, A-48,

A-58, A-66

LED patterns, A-32

pinout, A-31

signal label, 1-6

specifications, A-32

USB cable strain relief, 1-8, 1-12
USB-6255

USB cable strain relief, 1-8, 1-12
USB-6255 Mass Termination, A-39

accessory options, A-44

cabling options, A-44

fuse replacement, A-44

LED patterns, A-44

pinout, A-43

specifications, A-44

USB cable strain relief, 1-8, 1-12
USB-6255 Screw Terminal, A-39

fuse replacement, A-42

LED patterns, A-42

pinout, A-41

signal label, 1-6

specifications, A-42
USB-6259 BNC

cable management, 1-8

fuse replacement, A-50

LED patterns, A-50

pinout, A-49

specifications, A-50

USB cable strain relief, 1-8
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USB-6259 Mass Termination

accessory options, A-52

cabling options, A-52

fuse replacement, A-52

LED patterns, A-52

pinout, A-51

specifications, A-52

USB cable strain relief, 1-8, 1-12
USB-6259 Screw Terminal

fuse replacement, A-48

LED patterns, A-48

pinout, A-47

signal label, 1-6

specifications, A-48

USB cable strain relief, 1-8, 1-12
USB-6281 Mass Termination

accessory options, A-60

cabling options, A-60

fuse replacement, A-60

LED patterns, A-60

pinout, A-59

specifications, A-60

USB cable strain relief, 1-8, 1-12
USB-6281 Screw Terminal

fuse replacement, A-58

LED patterns, A-58

pinout, A-57

signal label, 1-6

specifications, A-58

USB cable strain relief, 1-8, 1-12
USB-6289 Mass Termination

accessory options, A-68

cabling options, A-68

fuse replacement, A-68

LED patterns, A-68

pinout, A-67

specifications, A-68

USB cable strain relief, 1-8, 1-12
USB-6289 Screw Terminal

fuse replacement, A-66

LED patterns, A-66

pinout, A-65

signal label, 1-6

specifications, A-66

USB cable strain relief, 1-8, 1-12
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using
low impedance sources, 4-6
PFl terminals
as static digital 1/Os, 8-3
astiming input signals, 8-2
to export timing output signals, 8-2
RTSI
asoutputs, 9-5
terminals as timing input
signals, 9-6
short high-quality cabling, 4-7
the disk drive power connector
(PCI Express), 1-5

W

waveform
generation
digital, 6-4
signals, 5-6
triggering, 6-2

X
X1 encoding, 7-15

X2 encoding, 7-15
X4 encoding, 7-15
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