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Compliance

Electromagnetic Compatibility Information

This hardware has been tested and found to comply with the applicable regulatory requirements and limits for electromagnetic
compatibility (EMC) as indicated in the hardware’s Declaration of Conformity (DoC)!. These requirements and limits are
designed to provide reasonable protection against harmful interference when the hardware is operated in the intended
electromagnetic environment. In special cases, for example when either highly sensitive or noisy hardware is being used in close
proximity, additional mitigation measures may have to be employed to minimize the potential for electromagnetic interference.

While this hardware is compliant with the applicable regulatory EMC requirements, there is no guarantee that interference will
not occur in a particular installation. To minimize the potential for the hardware to cause interference to radio and television
reception or to experience unacceptable performance degradation, install and use this hardware in strict accordance with the
instructions in the hardware documentation and the DoC!.
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the DoC! for product installation requirements.

When the hardware is connected to a test object or to test leads, the system may become more sensitive to disturbances or may
cause interference in the local electromagnetic environment.

Operation of this hardware in a residential area is likely to cause harmful interference. Users are required to correct the
interference at their own expense or cease operation of the hardware.

Changes or modifications not expressly approved by National Instruments could void the user’s right to operate the hardware
under the local regulatory rules.

I' The Declaration of Conformity (DoC) contains important EMC compliance information and instructions for the user or
installer. To obtain the DoC for this product, visit ni.com/certification, search by model number or product line,
and click the appropriate link in the Certification column.
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About This Manual

PCI-CAN

Use the NI-CAN Software and Hardware Installation Guide included with
your kit to install and configure the NI-CAN hardware and software. Use
this manual to learn the basics of NI-CAN, as well as how to develop an
application.

This manual contains specific programmer reference information about
each NI-CAN function and VI.

This manual also describes the hardware features. Unless otherwise noted,
this manual applies to the NI CAN Series 2 products, which include the
following.

PXI-846x

PCI-CAN Series 2 (High-Speed; 1 port)

PCI-CAN/2 Series 2 (High-Speed; 2 ports)

PCI-CAN/LS Series 2 (Low-Speed/Fault-Tolerant; 1 port)
PCI-CAN/LS?2 Series 2 (Low-Speed/Fault-Tolerant; 2 ports)
PCI-CAN/XS Series 2 (Software Selectable; 1 port)
PCI-CAN/XS?2 Series 2 (Software Selectable; 2 ports)

PCMCIA-CAN

PXI-8461 Series 2 (High-Speed; 1 or 2 ports)
PX1-8460 Series 2 (Low-Speed/Fault-Tolerant; 1 or 2 ports)
PX1-8464 Series 2 (Software Selectable; 1 or 2 ports)

© National Instruments

PCMCIA-CAN Series 2 (High-Speed; 1 port)

PCMCIA-CAN7/2 Series 2 (High-Speed; 2 ports)
PCMCIA-CAN/LS Series 2 (Low-Speed/Fault-Tolerant; 1 port)
PCMCIA-CAN/LS2 Series 2 (Low-Speed/Fault-Tolerant; 2 port)
PCMCIA-CAN/SW Series 2 (Single Wire; 1 port)
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About This Manual

USB-CAN

e PCMCIA-CAN/HS/LS Series 2 (1 port High-Speed,
1 port Low-Speed/Fault-Tolerant)

¢ PCMCIA-CAN/HS/SW Series 2 (1 port High-Speed,
1 port Single Wire)

USB-LIN

e USB-8473 (High-Speed CAN; 1 port)
e USB-8473s (High-Speed CAN; 1 port, with Synchronization)
e USB-8472 (Low-Speed CAN; 1 port)
e USB-8472s (Low-Speed CAN; 1 port, with Synchronization)

e USB-8476 (LIN; 1 port)
e USB-8476s (LIN; 1 port, with Synchronization)

NI-CAN hardware products that pre-date the Series 2 product line are now
referred to as Series 1. NI CAN Series 2 products contain several
enhancements over Series 1 products, including the Philips SJA1000 CAN
controller, improved RTSI synchronization features, updated CAN
transceivers, and XS Software Selectable hardware for PCI and PXI.
NI-CAN software continues to fully support Series 1 hardware. However,
some advanced features are available only with Series 2 hardware. For
instance, with PCMCIA, both the card and the cable must be Series 2 to use
the advanced features. For a complete description of the differences
between Series 1 and Series 2 NI CAN hardware, refer to the Series 2 Vs.
Series I section of Chapter 1, Introduction.

To obtain complete documentation of NI CAN Series 1 hardware, refer to
the previous version of the NI-CAN Hardware and Software Manual,
part number 370289x-01, where x is the letter preceding the one used

in this manual. The previous version of this manual is available at
ni.com/manuals.
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About This Manual

Related Documentation

© National Instruments

The following documents contain information that you might find helpful
as you read this manual:

ANSI/ISO Standard 11898-1993, Road Vehicles—Interchange of
Digital Information—Controller Area Network (CAN) for High-Speed
Communication

ANSI/ISO Standard 11519-1, 2 Road Vehicles—Low Speed Serial
Data Communications, Part 1 and 2

CAN Specification Version 2.0, 1991, Robert Bosch GmbH., Postfach
106050, D-70049 Stuttgart 1

CiA Draft Standard 102, Version 2.0, CAN Physical Layer for
Industrial Applications

CompactPClI Specification, Revision 2.0, PCI Industrial Computers
Manufacturers Group

DeviceNet Specification, Version 2.0, Open DeviceNet Vendor
Association

PXI Hardware Specification, Revision 2.1, National Instruments
Corporation

PXI Software Specification, Revision 2.1, National Instruments
Corporation

LabVIEW Online Reference

Measurement and Automation Explorer (MAX) Online Reference
Microsoft Win32 Software Development Kit (SDK) Online Help
SAE J2411, Single Wire CAN Recommended Practices
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Introduction

CAN Overview

This chapter provides an introduction to the Controller Area Network
(CAN), the Local Interconnect Network (LIN), and the National
Instruments products for CAN and LIN.

The data frame is the fundamental unit of data transfer on a CAN network.
Figure 1-1 shows a simplified view of the CAN data frame.

<4— Identifier Length Data

Figure 1-1. CAN Data Frame

Simplified CAN Data Frame

© National Instruments

When multiple CAN devices transmit a frame at the same time, the
identifier (ID) resolves the collision. The highest priority ID continues, and
the lower priority IDs retry immediately afterward. The ISO 11898 CAN
standard specifies two ID formats: the standard format of 11 bits and the
extended format of 29 bits.

The ID is followed by a length code that specifies the number of data bytes
in the frame. The length ranges from O to 8 data bytes. The ID value
determines the meaning of the data bytes.

In addition to the data frame, the CAN standard specifies the remote frame.
The remote frame includes the ID, but no data bytes. A CAN device
transmits the remote frame to request that another device transmit the
associated data frame for the ID. In other words, the remote frame provides
a mechanism to poll for data.

The preceding information provides a simplified description of CAN frames.
The CAN frame format includes many other fields, such as for error checking
and acknowledgement. For more detailed information on the ISO 11898
CAN standard, refer to Appendix B, Summary of the CAN Standard.
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LIN Overview

The LIN bus uses a Master/Slave approach, comprised of a LIN Master and
one or more LIN Slaves. Figure 1-2 shows a simplified view of the LIN
message frame.

Idi Message Header 4>|47 Message Response 4>|

| Break | Sync |Identifier | Data | Checksum |

Figure 1-2. LIN Message Frame

The message header consists of a break used to identify the start of the
frame and the sync field used by the slave node for clock synchronization.
The identifier (ID) consists of a 6-bit message ID and a 2-bit parity field.
The ID denotes a specific message address, but not the destination. Upon
reception and interpretation of the ID one slave will begin the message
response. The message response consists of 1-8 bytes of data and an 8-bit
checksum.

The sequencing of message frames is controlled by the master and is fixed
in a schedule. The schedule may be changed as needed.

The proceeding information provides a simplified description of the LIN
message frame. For more details on the LIN message frame and on the LIN
specification, refer to Appendix C, Summary of the LIN Standard.

NI CAN Hardware Overview

This section describes the NI CAN and LIN hardware.

About the NI CAN Series 2 Hardware

NI CAN Series 2 hardware and the NI-CAN software package provide an
easy and powerful way to use a desktop or notebook PC to interface to a
CAN bus. The hardware features the Philips SJA1000 CAN controller,
which is CAN 2.0B compatible and supports a variety of transfer rates up
to 1 Mbps. All NI CAN Series 2 hardware uses the Intel 386EX embedded
processor to implement time-critical features provided by the NI-CAN
software. NI CAN Series 2 hardware supports High-Speed and

NI-CAN Hardware and Software Manual 1-2 ni.com
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Low-Speed/Fault-Tolerant physical layers, which fully conform to the
ISO 11898 physical layer specification for CAN. In addition, NI CAN
Series 2 hardware supports Single Wire CAN.

PCI-CAN Series 2 hardware supports the Real-Time System Integration
(RTSI) bus as a way to synchronize multiple interface cards in a system by
sharing common timing and triggering signals.

PX1-846x Series 2 hardware supports the PXI trigger bus as a way to
synchronize multiple interface cards in a system by sharing common timing
and triggering signals.

PCMCIA-CAN Series 2 cards provide a way to synchronize multiple
devices by using the PCMCIA-CAN Synchronization cable to externally
connect to shared timing and triggering signals. For more information
about the synchronization capabilities of the NI CAN Series 2 hardware,
refer to the RTSI section, the PXI Trigger Bus (RTSI) section, or the
Synchronization section of Chapter 3, NI CAN and LIN Hardware, for the
appropriate hardware type.

PCI-CAN Series 2 hardware is software configurable and compliant with
the PCI Local Bus Specification. It features the National Instruments MITE
bus interface chip that connects the card to the PCI I/O bus. With a
PCI-CAN Series 2 card, you can make the PC-compatible computer with
PCI Local Bus slots communicate with and control CAN devices.

PXI-846x Series 2 hardware is software configurable and compliant with
the PXI Specification and the CompactPCI Specification. It features the
National Instruments MITE bus interface chip that connects the card to the
PXTI or CompactPCI I/O bus. With a PXI-846x Series 2 card, you can make
the PXI or CompactPCI chassis communicate with and control CAN
devices.

PCMCIA-CAN Series 2 hardware is a 16-bit, Type II PC Card that is
software configurable and compliant with the PCMCIA standards for
16-bit PC Cards. With a PCMCIA-CAN Series 2 card, you can make the
PC-compatible notebook with PCMCIA slots communicate with and
control CAN devices.

© National Instruments 1-3 NI-CAN Hardware and Software Manual
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Series 2 Vs. Series 1

The technical information in this manual applies to the NI CAN Series 2
hardware. You can easily identify the series of the NI CAN hardware by
looking at the label. Use Figure 1-3, Figure 1-4, Figure 1-5, and Figure 1-6
to determine if the hardware is Series 1 or Series 2. If the label does not
indicate Series 2, the hardware is Series 1. For complete documentation of
NI CAN Series 1 hardware, refer to ni . com/manuals and search for the
part number 370289E-01 to access the October 2002 edition of the NI-CAN

Hardware and Software Manual.

~

PCI-CAN Q

I [

N
I I
O NI PCI-CAN
Series 2

Figure 1-3. NI PCI-CAN Hardware Series 1 and 2 Labels
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NI PXI-8461
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¢ NATIONAL
’ INSTRUMENTS

NI PXI-8461
CAN
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Figure 1-4. NI PXI-CAN Hardware Series 1 and 2 Labels
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\\ \\
PCMCIA-CAN NI PCMCIA-CAN ;
with high & low speed CAN support Series 2
N N
§ §
g g
IWiNSTRUMENTS IWiNSTRUMENTS £
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Figure 1-5. NI PCMCIA-CAN Hardware Series 1 and 2 Labels

Figure 1-6. NI PCMCIA-CAN Series 1 and 2 Cables
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The hardware series is also displayed in MAX, as shown in Figure 1-7.

¥, PCI-CAN/2 - Measurement & Automation Explorer
File Edit Yew Tools Help

=10l

J B self-test

[y Syskbern
Data Meighborhood
i tfaces

Il - Ipcr-cany2

| Drescripkion
The serial number of the device

| alue
DZ2BBE2

Atkribute
[ serial Nurnber

Hardware Series

B Test Status Passed Self-test result of the device

¥ PCI-CAN/LS2 - Measurement & Automation Explorer
File Edit Wiew Tools Help

=10 ]

J B self-test

[rata Meighborhood
Devices and Interfaces

|

« |PCI-CAN/LS2

& show/Hide

| Descripkion
The serial number of the device
Hardware Series
Self-test result of the device

Attribute | Walue

[ Serial Number C2C4CD
Series 1

B Test Status Passed

Figure 1-7. Hardware Series Displayed in MAX

The new and improved features supported only by NI CAN Series 2
hardware include:

PCI and PXI

NI-CAN Hardware and Software Manual

Philips SJA1000 CAN controller. Series 1 hardware supported the
Intel 82527 CAN controller. For more specific information about the
SJA1000 CAN controller, refer to the Philips SJAI1000 CAN
Controller section of Chapter 3, NI CAN and LIN Hardware.

Improved RTSI synchronization features. For more information about
the synchronization capabilities of the NI CAN Series 2 hardware,
refer to the RTSI section, the PXI Trigger Bus (RTSI) section, or the
Synchronization section of Chapter 3, NI CAN and LIN Hardware,
for the appropriate hardware type.

Single Wire CAN support.

XS Software selectable physical layer hardware. This feature allows
you to easily configure a CAN port in software to be a High-Speed,
Low-Speed/Fault-Tolerant, Single Wire, or external transceiver
interface.
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e Upgraded CAN transceivers. High-speed hardware uses the Philips
TJA1041 transceiver; Low-Speed/Fault-Tolerant hardware uses the
Philips TJA1054A transceiver. Both transceivers have increased
voltage tolerance and improved EMC performance over their NI CAN
Series 1 predecessors.

¢ Internally powered physical layer with independent jumper option for
controlling the VBAT transceiver input pin either internally or
externally. This means High-Speed and Low-Speed/Fault-Tolerant
hardware is fully functional by default without supplying any bus
power. A jumper option exists to select the source for the VBAT
transceiver pin between internal (default) or external. Note that Single
Wire CAN requires external bus power.

PCMCIA

e Philips SJA1000 CAN controller. Series 1 hardware supported the
Intel 82527 CAN controller. For more specific information about the
SJA1000 CAN controller, refer to the Philips SJA1000 CAN
Controller section of Chapter 3, NI CAN and LIN Hardware.

*  Synchronization capability for PCMCIA hardware. For more
information about PCMCIA synchronization, refer to the
Synchronization section of Chapter 3, NI CAN and LIN Hardware.

¢ Improved performance and reduced power consumption. For more
information, refer to Appendix C, Summary of the LIN Standard.

PCMCIA Cables

e Single Wire CAN support.

¢ Upgraded CAN transceivers. High-speed hardware uses the Philips
TJA1041 transceiver; Low-Speed/Fault-Tolerant hardware uses the
Philips TJA1054A transceiver. Both transceivers have increased
voltage tolerance and improved EMC performance over their NI CAN
Series 1 predecessors.

e Internally powered physical layer for High-Speed and
Low-Speed/Fault Tolerant. This means High-Speed and
Low-Speed/Fault-Tolerant hardware is fully functional by default
without supplying any bus power. Note that Single Wire CAN requires
external bus power.
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* NI-CAN 2.2 is required for full functionality of the PCMCIA cables.
Using these cables with any version of NI-CAN prior to 2.2 will
prevent use of the following functions:

—  High-speed error reporting
—  Transceiver sleep modes

—  Single-wire transceivers

About the USB-847x Hardware

NI USB-847x hardware provides a powerful and flexible way to interface
any desktop or notebook PC to a CAN or LIN bus via USB. All CAN
hardware features the Philips STA1000 CAN controller, which is

CAN 2.0B compatible and supports a variety of transfer rates up to 1 Mbps.
The SJA1000 also includes a number of features well-suited to diagnostic
applications. USB-847x hardware supports High-Speed and
Low-Speed/Fault-Tolerant physical layers, which fully conform to the
ISO 11898 specification for CAN. All LIN devices are LIN 1.3, LIN 2.0
and SAE J2602 compliant and support the full range of LIN baud rates.

NI USB-847x with Sync series hardware is based on a powerful USB 2.0
compatible microcontroller capable of host data transfer rates up to

480 Mbps. The hardware includes onboard buffers to prevent dropped
frames at high CAN data rates. All USB-847x CAN devices are fully
powered from the USB and require no external power supply.

Additionally, USB-847x with Sync series hardware provides a way to
synchronize multiple devices by using an external sync connector to share
common timing and triggering signals. USB-847x with Sync series
hardware can share a timebase with each other or with a variety of data
acquisition products.

CAN: USB-8472, USB-8472s, USB-8473, USB-8473s

e Philips SJA1000 CAN controller. For more specific information about
the SJA1000 CAN controller, refer to the Philips SJA1000 CAN
Controller section of Chapter 3, NI CAN and LIN Hardware.

e Synchronization via RTSI or any 1/10/20 MHz timebase source. For
more information refer to the ncConnectTerminals function within
the Frame API.

e High-Speed hardware uses the Philips TJA1041 transceiver;
Low-Speed/Fault-Tolerant hardware uses the Philips TIA1054A
transceiver. Both transceivers have increased voltage tolerance and
improved EMC performance over NI CAN Series 1 hardware.
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Low-Speed/Fault-Tolerant CAN support with software selectable bus
termination.

High performance USB 2.0 connection with data transfer rates up to
480 Mbps.

Fully powered by the USB. No bus power needed.

LIN: USB-8476, USB-8476s

Synchronization via RTSI or any 1/10/20 MHz timebase source. For
more information refer to the ncConnectTerminals functions within
the Frame API.

Software selectable master/slave termination.

Amtel ATA6625 LIN transceiver with —27V to 40V LIN bus voltage
tolerance.

High performance USB 2.0 connection with data transfer rates up to
480 Mbps.

Hardware VBat detection.

NI-CAN Software Overview

MAX

© National Instruments

The NI-CAN software provides full-featured Application Programming
Interfaces (APIs), plus tools for configuration and analysis within National
Instruments Measurement & Automation Explorer (MAX). The NI-CAN
APIs enable you to develop applications that are customized to the test and
simulation requirements.

The NI-CAN features within MAX enable you to:

Verify the installation of the NI CAN hardware.
Configure software properties for each CAN port.
Create or import configuration information for the Channel API.

Interact with the CAN network using various tools.

For more information, refer to Chapter 2, Installation and Configuration.
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Frame API

As described in the CAN Overview section, the frame is the fundamental
unit of data transfer on a CAN network. The NI-CAN Frame API provides
a set of functions to write and read CAN frames.

Within the Frame API, the data bytes of each frame are not interpreted, but
are transferred in their raw format. For example, you can transmit a data
frame by calling a write function with the ID, length, and array of data
bytes.

For more information, refer to Chapter 9, Using th