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Limited Warranty

The media on which you receive National Instruments software are
warranted not to fail to execute programming instructions, due to defectsin
materials and workmanship, for a period of 90 days from date of shipment,
as evidenced by receipts or other documentation. National Instruments will,
at its option, repair or replace software mediathat do not execute
programming instructions if National Instruments receives notice of such
defects during the warranty period. National Instruments does not warrant
that the operation of the software shall be uninterrupted or error free.

A Return Material Authorization (RMA) number must be obtained from the
factory and clearly marked on the outside of the package before any
equipment will be accepted for warranty work. National Instruments will
pay the shipping costs of returning to the owner parts which are covered by
warranty.

National Instruments believes that the information in this manual is
accurate. The document has been carefully reviewed for technical
accuracy. Inthe event that technical or typographical errors exist, National
Instruments reserves the right to make changes to subsequent editions of
this document without prior notice to holders of this edition. The reader
should consult National Instrumentsif errors are suspected. 1n no event
shall National Instruments be liable for any damages arising out of or
related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, NATIONAL INSTRUMENTS MAKESNO
WARRANTIES, EXPRESS OR IMPLIED, AND SPECIFICALLY DISCLAIMS
ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. CUSTOMER'SRIGHT TO RECOVER DAMAGES
CAUSED BY FAULT OR NEGLIGENCE ON THE PART OF NATIONAL
INSTRUMENTS SHALL BE LIMITED TO THE AMOUNT THERETOFORE
PAID BY THE CUSTOMER. NATIONAL INSTRUMENTSWILL NOT BE
LIABLE FOR DAMAGES RESULTING FROM LOSS OF DATA, PROFITS,
USE OF PRODUCTS, OR INCIDENTAL OR CONSEQUENTIAL DAMAGES,
EVEN IF ADVISED OF THE POSSIBILITY THEREOF. Thislimitation of the
liability of National Instrumentswill apply regardless of the form of action,
whether in contract or tort, including negligence. Any action against
National Instrument must be brought within one year after the cause of
action accrues. National Instruments shall not be liable for any delay in
performance due to causes beyond its reasonable control. The warranty
provided herein does not cover damages, defects, malfunctions, or service
failures caused by owner's failure to follow the National Instruments
installation, operation, or maintenance instructions; owner's modification of
the product; owner's abuse, misuse, or negligent acts; and power failure or
surges, fire, flood, accident, actions of third parties, or other events outside
reasonable control.
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involving medical or clinical treatment can create a potential for accidental
injury caused by product failure, or by errors on the part of the user or
application designer. Any use or application of National Instruments
products for or involving medical or clinical treatment must be performed
by properly trained and qualified medical personnel, and all traditional
medical safeguards, equipment, and procedures that are appropriate in the
particular situation to prevent seriousinjury or death should always continue
to be used when National Instruments products are being used. National
Instruments products are NOT intended to be a substitute for any form of
established process, procedure, or equipment used to monitor or safeguard
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About This Manual

This manual describes the NI1-488.2M software, including all NI-488.2
routines and N1-488 functions for C.

Organization of ThisManual

Thismanual is organized as follows:
e Chapter 1, Introduction, introduces you to the product and the manual.

e Chapter 2, Installation and Configuration of NI-488.2M Software,
contains the instructions for installing and configuring the NI1-488.2M
software.

e Chapter 3, Understanding the NI-488.2M Software, introduces you to
the NI-488.2 routines and NI-488 functions. It also contains
information for programming the N1-488.2 driver.

e Chapter 4, NI-488.2M Software Characteristics and Routines, contains
adiscussion of the important characteristics of the NI -488.2 routines.
This chapter also contains specific information for programming the
NI-488.2 routinesin C. The descriptions are listed a phabetically for
easy reference.

e Chapter 5, NI-488M Software Characteristics and Functions, contains
information for programming the NI-488 functions. This chapter also
contains specific information for programming the NI-488.2 functions
in C. The descriptions are listed alphabetically for easy reference.

e Chapter 6, ibic introduces you to the Interface Bus Interactive Control
(i bi ¢) program. This chapter also tellsyou how to run i bi c,
summarizes the NI1-488.2 and NI-488 i bi ¢ functions, and summarizes
the auxiliary functionsthat i bi ¢ supports.

e Appendix A, Multiline Interface Messages, isalisting of Multiline
Interface M essages.

e Appendix B, Common Errorsand Their Solutions, singles out the most
common errors users have encountered and some possible solutions.

e Appendix C, Redirection to the GPIB, explains how to redirect datato
a GPIB printer, plotter, or other device.

¢ Appendix D, Operation of the GPIB, describes the operation of the
GPIB.



About This Manual

¢ Appendix E, Customer Communication, contains forms for you to
complete to facilitate communication with National Instruments
concerning our products.

e TheGlossary contains an alphabetical list of terms used in this manual
and a description of each.

e ThelIndex contains an alphabetical list of key terms and topicsused in
this manual, including the pages where each one can be found.

ConventionsUsed in This Manual

The following conventions are used to distinguish elements of text
throughout this manual:

italic Italic text denotes emphasis, a cross reference, or
an introduction to a key concept.

nmonospace Text in thisfont denotes text or characters that
areto beliterally input from the keyboard,
sections of code, programming examples, and
syntax examples. Thisfont isalso used for the
proper names of disk drives, paths, directories,
programs, subprograms, subroutines, device
names, functions, variables, filenames, and
extensions, and for statements and comments
taken from program code.

bol d nonospace Bold text in this font denotes the messages and
responses that the computer automatically prints
to the screen.

italic nobnospace Itdictextin thisfont denotes that you must
supply the appropriate words or values in the
place of theseitems.

<> Angle brackets enclose the name of akey on the
keyboard—for example, <Break>.

<> A hyphen between two or more key names
enclosed in angle brackets denotes that you
should simultaneously press the named keys—for
example, <Ctrl-Alt-Del>.



About This Manual

|EEE 488 and |EEE 488 and | EEE 488.2 refer to the

|EEE 488.2 ANSI/IEEE Standard 488.1-1987 and
ANSI/IEEE Standard 488.2-1992, respectively,
which define the GPIB.

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

Customer Communication

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



Chapter 1
| ntroduction

Welcome to the world of the General Purpose Interface Bus (GPIB). We
believe the National Instruments family of GPIB products for your personal
computer will become avalued and integral part of your work environment.

I ntroduction to the GPIB

The GPIB isalink, or interface system, through which interconnected
electronic devices communicate. See Appendix D, Operation of the GPIB,
for more information about GPIB operation.

History of the GPIB

The original GPIB was designed by Hewlett-Packard (whereit is called the
HP-1B) to connect and control programmabl e instruments manufactured by
Hewlett-Packard. Because of its high data transfer rates of up to 1 Mbyte/s,
the GPIB quickly gained popularity in other applications such as
intercomputer communication and peripheral control. It was later accepted
asthe industry standard |EEE 488. The versatility of the system prompted
the name General Purpose Interface Bus.

National Instruments expanded the use of the GPIB among users of
computers manufactured by companies other than Hewl ett-Packard.
National Instruments specializes both in high-performance, high-speed
hardware interfaces and in comprehensive, fullly-functioning software that
hel ps users bridge the gap between their knowledge of instruments and
computer peripherals and of the GPIB itself.

Background

This manual was developed as part of the documentation for the NI-488.2M
software. Software reference material can be found in this manual.
Hardware-specific information can be found in other documentation
provided with the hardware items.

© National Instruments Corp. 11 NI-488.2M Reference Manual



Chapter 2
| nstallation and Configuration of
NI -488.2M Software

This chapter contains instructions for installing and configuring the
NI -488.2M software.

Softwar e I nstallation

For alist of filesthat will be copied from the distribution diskette and for
information on installing the software, refer to the getting started manual or
installation guide that you received with your interface board.

Softwar e Configuration

Before you can run the software diagnostic tests, the NI1-488.2M software
driver must be loaded. If you have just completed the installation procedure
and have not restarted your computer, the driver is not yet loaded.

Y ou must run the software configuration utility i bconf (you must have
super-user privilege), because it creates all special files or device nodes
needed by the software. You canasousei bconf toinspect and modify
the default software parameters.

Refer tothe i bconf section for informationoni bconf and on the
configurable software options and their default values.

Board Reference Numbers

The NI-488.2M driver supports up to four interface boards. These boards
are referenced by number from your application program. The reference
number is zero (0) for thefirst board and one (1) for the second board. If
you installed two boards in your computer, and you do not know which
board is 0 and which board is 1, runi bconf .

© National Instruments Corp. 2-1 NI-488.2M Reference Manual



Installation and Configuration of NI-488.2M Software Chapter 2

On some systems, i bconf will show you the relationship between the
board number and the base address of the board, thereby identifying the
board by its base address. On other systems, the relationship might be
described in terms of other settings, such as board slot number or SCH
(small computer system interface) ID. It may be necessary for you to look
at system-specific configuration files to determine the relationship. Refer to
the Getting Started manual included with your NI-488.2M driver software
for configuration information specific to your system. Continue to the next
section, ibconf, for information on i bconf .

ibconf

i bconf isascreen-oriented, interactive program. Itislargely
self-explanatory with help screens to explain all commands and options.

When used interactively, i bconf readsin the configuration parameters
from a GPIB driver file on your disk and displays them for your inspection.
Y ou can ater any of the parametersto suit your special requirements. Once
you have finished modifying the configurable parameters, these changes
can be saved into the GPIB driver file on disk when you exit thei bconf
program.

The simplest way to usei bconf isto change to the directory that contains
theinstalled GPIB distribution files and enter the following command:

i bconf

Upper and Lower Levels of ibconf

i bconf operates at both an upper and alower level. The upper level
consists of the board device maps and gives a graphical picture of the GPIB
system as defined in the driver. The lower level consists of screens
describing the individual board and devices that make up the system.

NI-488.2M Reference Manual 2-2 © National Instruments Corp.



Chapter 2 Installation and Configuration of NI-488.2M Software

Upper Level Device Map for Board GPIBx

Figure 2-1 shows the upper level of i bconf .

National Instruments Dd\ice Map for SCSI GPIBO___ SPARCstation 1| [
N * Use cursor keys h,j,k,&1 to select a device or board.
gpib0 * Use control keys below to select desired action.
— * Use "B/"F to display maps for other boards.
0 devl 0 devs 0 dev9 0 dev13
0 dev2 0 dev6 0 dev10 0 devl4
0 dev3 0 dev7 0 devll 0 dev15
0 dev4 0 dev8 0 devi2 0 dev16
"Q: help R: rename AT: (dis)connect Al edit AO: exit

Figure 2-1. Upper Leve of i bconf

As shown in Figure 2-1, the upper-level screen of i bconf displaysthe
names of all devices controlled by the driver. It also indicates which
devices, if any, are accessed through the interface or access board named
gpi bx, wherex is0or 1 for the two-board driver. You can move around
the map by using the cursor control keys.

The following options are available at the upper level.
*  Device Maps of the Boards

* Hep

*  Rename

« (Dis)connect

o Edit

+ Exit
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Device Maps of the Boards

Press <Control-B> or <Control-F> to toggle between the device maps for
the different GPIB interface boards. These boards are referred to as access
boards. The maps show which devices are assigned to each board. By
default, some devices are attached to the access board named gpi b0, and
other devices are not attached to any board.

Help

Press <Control-Q> to access the comprehensive, online help feature of
i bconf . The help information describes the functions and common terms
associated with the upper-level of i bconf .

Rename
Press <Control-R> to rename a device.

Uppercase and lowercase letters are not treated the same. Device names
can be up to 14 characters long, but only the first seven characters will
show up in the device map.

Note:  You must not give GPIB device names the same names asfiles,
directories, and/or subdirectories. 1f you name a GPIB device
pl t r and your file system containsthefilepl tr ora
subdirectory pl t r , a conflict results. Please note that the access
board names, such asgpi b0, cannot be altered.

The string representing a device or access board name is the first variable
argument of the function i bf i nd called at the beginning of your
application program. Refer to Chapter 4, NI-488.2M Software
Characteristics and Routines, and Chapter 5, NI-488M Software
Characteristics and Functions of this manual for more explanations of

i bfind.

(Dis)connect
Press <Control-T> to logically connect or disconnect a device from aboard.

Move the cursor to the device that is to be connected or disconnected by
using the cursor control keys and press <Control-T>.
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Edit

Use <Control-1> to edit or examine the characteristics of a particular board
or device. Moveto the board or device that you wish to edit using the
cursor control keys and press the <Control-1> key. This step putsyou in the
lower level of i bconf and lists the characteristics for the particular board
or device that you wish to edit. To exit edit, press <Control-O>.

Exit

Press <Control-Q> to exit i bconf . If you have made changes and have
pressed <Control-Q> to exit, i bconf displaysthe prompt Save
current configuration?. Typeay (yes)tosavechangesor n (no)
to lose changes. For more information, refer to the Exiting ibconf section
later in this chapter.

Lower Level Device/Board Characteristics

Figure 2-2 showsthe lower level of i bconf .

National Instruments BMard Characteristics SPARCstation 1 | |
Board: gpib0 SELECT (use h or 1 key):
Primary gpib address <> (00H 00H to 1EH

Secondary gpib address ......... NONE

Timeout setting ................ T10s

EOS byte ...covvovverearnn 00H

Terminate read on EOS .......... no

Set EOI with EOS on write ...... no

Type of compare on EOS ......... 7-bit

Set EOI w/last byte of write ... yes

Board is system controller ..... yes
Disable auto serial polling .... no
High-speed timing .............. yes
UNIX signal .......ccoeevennne 2

(Use j or k key to change fields)

~Q: help AW: explain field AY: reset value ~Q: return to map

Figure 2-2. Lower Level of ibconf

© National Instruments Corp. 2-5 NI-488.2M Reference Manual



Installation and Configuration of NI-488.2M Software Chapter 2

The lower level screensof i bconf display the currently defined values for
characteristics of adevice or board, such as addressing and timeout
information, as shown in Figure 2-2. Y ou access these screens from the
upper level of i bconf by selecting aboard or device and pressing the
function key <Control-1>. The configuration settings selected for each
device and each board are a means of customizing the communications and
other options to be used with that board or device. The settings for devices
specify the characteristics to be used by the access board for that device
when device functions are used. The settings for boards or devices specify
the characteristics to be used with each board when board functions are
used.

The following functions are available at the lower level:
e Change Characteristics

e Change Board or Device

e Explain Field
e Hep
¢ Reset Vaue

e Returnto Map

Change Characteristics

To change a specific characteristic of adevice or aboard, move the cursor
onto that characteristic. Y ou can also press <K-Up Arrow> or <J-Down
Arrow> to move around the characteristics of a device or aboard. When
the cursor is on the characteristic, either use the left/right arrow keysto
select between different options or input the option directly from the
keyboard. Instructionsin the top left-hand corner of the screen inform you
which method is appropriate for the selected characteristic.

Asyou move from entry to entry, text appears on the top left-hand side of
the screen to assist you in making the correct choices.
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Help

Press <Control-Q> to access the comprehensive, online help feature of

i bconf . The help information describes the functions and common terms
associated with the lower level of i bconf .

Explain Field

Press <Control-W> to get an explanation of the field in which you are
working.

Reset Value

Press <Control-Y > to reset a characteristic option to its default value.

Return to Map

At the lower level, <Control-O> returns you to the upper level device map
of i bconf .

Default Configurations

The NI-488.2M driver has factory default configurations. For example, the
default device names of the 16 GPIB devicesaredev1 through dev16.

Y ou may want to change the names to more descriptive ones, such as

met er for adigital multimeter.

Note:  You can only connect 14 devices to each GPIB card in your
system.

Youmay usei bconf tolook at the current default settings in the driver
file

If you do not make changes to the N1-488.2M driver using i bconf , the
default configurations of the software remain in effect.
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Default Values

The following are the default values of the driver.
e Thereare 16 devices with symbolic names dev1 through dev16.

e Thereare two access boards with symbolic names gpi b0 and gpi b1.
The access board names cannot be changed.

e The GPIB addresses of the 16 devices are the same as the device
number. For example, dev1 isat address1. These devicesare
assigned to gpi b0 astheir access board.

« Each GPIB interface board is System Controller of itsindependent bus
and has a GPIB address of 0.

« The END message is sent with the last byte of each data messageto a
device. No End-Of-String (EOS) character is recognized.

e Thetimelimit on I/O and wait function callsis set for approximately
10s.

« Each GPIB interface board has its own default setting for the base I/0
address and interrupt setting. Check the Getting Started manual that
came with your interface board for these settings.

Device and Board Characteristics

The following explanations are for board and device characteristicsin

i bconf that are common to al revisions of the NI1-488.2M driver. For
information on characteristics specific to agiven driver, check the Getting
Started manual that came with your interface board. I1n addition, extensive
help for each characteristic is displayed on the i bconf screen while the
cursor is positioned in afield. Most of the following characteristics apply
to both devices and boards although some, as indicated, only apply to
boards.
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Primary GPIB Address

All devices and boards must be assigned unique primary addressesin the
range from hex 00 to hex 1E (0 to 30 decimal). The driver automatically
forms a listen address by adding hex 20 to the primary address. It forms the
talk address by adding hex 40 to the primary address. For example, a
primary address of hex 10 would have alisten address of hex 30 and atalk
address of hex 50. The GPIB primary address of any deviceis set within
that device, either with hardware switches or a software program. This
address and the addresslisted ini bconf must correspond. Refer to the
device documentation for instructions about the device address. The default
primary address of all GPIB boardsis0. There are no hardware switches
on the GPIB interface board to select the GPIB address.

Secondary GPIB Address

Any device or board using extended addressing must be assigned a
secondary address in the range from hex 60 to hex 7E (96 to 126 decimal),
or the option NONE can be selected to disable secondary addressing. As
with primary addressing, the secondary GPIB address of adeviceis set
within that device, either with hardware switches or a software program.
This address and the addresslisted ini bconf must correspond. Refer to
the device documentation for instructions about secondary addressing.
Secondary addressing is disabled for al boards and devices unless changed
ini bconf . Thedefault option for this characteristic is NONE.

Timeout Settings

The timeout value is the approximate minimum length of time that 1/0
functionssuch asi brd,i bwt ,and i bcnd can take before atimeout
occurs. Itisalso thelength of timethat thei bwai t function waits for an
event before returning if the TIMO bit is set in the event mask. If the SRQI
bit and TIMO bit in the event mask are passed to the i bwai t function and
no SRQ is detected, the function will timeout. Refer to the IBWAIT
function description in Chapter 3, Under standing the NI-488.2M Software,
and Chapter 4, NI-488.2M Software Characteristics and Routines of this
manual for more information. Thisfieldini bconf issettoacode
mnemonic which specifies the time limit, as shown in Table 2-1.
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Table 2-1. Timeout Settings

Actual Minimum
Code Value Timeout
TNONE 0 disabled*
T10us 1 10 us
T30us 2 30us
T100us 3 100 ps
T300us 4 300 ps
Tlns 5 1ms
T3ns 6 3ms
T10ns 7 10ms
T30ms 8 30 ms
T100ms 9 100 ms
T300ns 10 300 ms
T1s 11 1s
T3s 12 3s
T10s 13 10s
T30s 14 30s
T100s 15 100s
T300s 16 300s
T1000s 17 100s
* |f you select TNONE, no limit will be in effect and
I/O operations could proceed indefinitely.

The default option for this characteristicis T10s .

EOSbyte

Y ou can program some devices to terminate a read operation when a
selected character is detected. A linefeed character (hex OA) isacommon
EOS byte.
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Note:  Thedriver does not automatically append an EOS byte to the end
of data strings on write operations. You must explicitly include
this bytein your data string. The designation of the EOS byteis
only for the purpose of informing the driver of itsvalue so that
I/O can terminate correctly.

The default option for this characteristic is O0H.

Terminate READ on EOS

Some devices send an EOS byte signaling the last byte of a data message.
A yes responseto this field causes the GPIB board to terminate a read
operation when it receives the EOS byte. The default option for this
characteristicis no.

Set EOI with EOS on Write

A yes responseto thisfield causes the GPIB board to assert the EOI line
when the EOS byte is detected on awrite operation. The default option for
this characteristicis no.

Type of Compareon EOS

Thisfield specifies the type of comparison to be made with the EOS byte.

Y ou may indicate whether all eight bits are to be compared or just the seven
least significant bits (ASCII or ISO format). Thisfieldisonly validif a
yes response was given for either the Set EOIl with EOS on Write field or
the Terminate Read on EOS field. The default option for this characteristic
is7-bit.

Set EOI with Last Byte of Write

Some devices, as Listeners, require that the Talker terminate a data message
by asserting the EOI line with the last byte. A yes response causes the

GPIB interface board to assert the EQOI line on the last data byte. The
default option for this characteristicisyes.
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Board Is System Controller (Board Characteristic Only)

This field appears on the board characteristics screen only. The System
Controller in a GPIB system is the device that maintains ultimate control
over the bus. There should be at most one device designated System
Controller in any GPIB system. In some situations, such as a network of
computers linked by the GPIB interface board, another device may be
System Controller and the GPIB board should be designated as not System
Controller. A no response would designate not System Controller and a
yes response would designate System Controller capability. 1n general,
the GPIB board should be designated as System Controller. The default
option for this characteristicisyes.

Disable Auto Serial Polling (Board Characteristic Only)

This option enables or disables automatic seria polls of devices when the
GPIB Service Request (SRQ) lineis asserted. Positive poll responses are
stored following the polls and can be read with the i br sp device function.
Refer to Chapter 5, NI-488M Software Characteristics and Functions, for
further information. Normally, this feature will not conflict with devices
that conform to the | EEE 488 specification. If thereisaconflict with a
device, ay response for thisfield disables this feature. The default option
for this characteristicisno.

GPIB Bus Timing (Board Characteristic Only)

Thisfield specifies the T1 delay of the board's source handshake capability.
This delay determines the minimum interval following RFD after which the
board may assert DAV during awrite or command operation. If the total
length of the GPIB cable length in the system is less than 15 m, the value of
350 nsis appropriate.

There are other factors that may affect the choice of the T1 delay, although
they are unlikely to affect you. Refer to the IEEE Sd. 488.1-1987,
Section 5.2, for more information about these other factors.

The default valueis 500 ns.
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UNI X Signal (Board Characteristic Only)

Thisfield selectsthe UNIX signal that would be sent as aresult of the
i bsgnl function call. The default value for this characteristic is 2.

DMA Mode (Board Characteristic Only)

Data transfers can be performed either by DMA or by programmed 1/0O
(P1O). Todisable DMA and force all read and write operations to be
performed using PIO, set thisoption to no. The default option for this
characteristicis yes .

Exiting ibconf

After you have made all your changes, you can exit i bconf by pressing
<Control-O>. The program first displays the prompt Save changes?
before exiting. Typing ay response causes the changes to be written to the
file on disk and the message to be displayed:

Configuration saved. To activate, reboot /unix.

Typing an n response causes the message Handl er fil e unchanged
to be displayed.

Using Your NI-488.2M Software

The NI-488.2M software consists of a high-speed driver and severa utilities
to help in developing and debugging an application program. The

NI -488.2M driver can be accessed in the following two ways: directly with
the NI-488 functions, or with the NI-488.2 routines.
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NI-488 Functions and NI -488.2 Routines

The NI-488.2M driver is a subroutine-structured device driver. The

NI -488.2M driver is faster than other available device drivers, easily
handles buffered DMA transfers and uses a structured, hierarchical
programming style familiar to users of modern programming languages.
The NI -488 functions and NI-488.2 routines are described in Chapter 3,
Under standing the NI-488.2M Software, Chapter 4, NI -488.2M Software
Characteristics and Routines, and Chapter 5, NI -488M Software
Characteristics and Functions, of thismanual. An NI-488.2 or NI-488
language interface is required to link application programs to the driver.

The following is a C example of a high-level NI-488 function that writes an
array of bytesto a device:

data = "*RST; OHMS; VAL1? "
ibwt (scope, data, 18);

Interactive Control Program (ibic)

A good way to begin learning your GPIB system is to use the Interface Bus
Interactive Controal, i bi ¢, program described in Chapter 6, ibic. With

i bi ¢, you can program your instruments interactively from the keyboard
rather than from an application program. Usingi bi ¢ helpsyou quickly
understand how the instruments and the NI-488.2M driver work. It also
immediately returns the same status information that is returned as global
variablesin an application program.

Whilerunning i bi ¢, study the descriptions of each function given in
Chapter 6, ibic, to fully understand the purpose of each function or use the
online help availableini bi c.

The Application Program

When you decide to write your application program, refer to Chapter 4,

NI -488.2M Software Characteristics and Routines, and Chapter 5, NI -488M
Software Characteristics and Functions, of this manual for the proper
syntax of the functions. Use i bi ¢ to test the sequence of commands your
application program uses.
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Under standing the NI1-488.2M Software

This chapter introduces you to two of the programming options of the
NI-488.2M software. Specifically, the NI-488.2 routines and NI -488
functions are presented to guide you as to which function set to use.

e TheNI-488.2 routines directly adhere to the Controller sequences and
protocols defined in the |EEE 488.2 1992 standard. They accept a
single device address or alist of device addresses as an input parameter
so that functions can address multiple instruments easily. These
routines give you all the advantages of IEEE 438.2.

e TheNI-488 functions have existed for many years and are the industry
standard functions for GPIB applications. They have both high-level,
device functions and low-level, board functions.

This chapter also discusses programming issues such as global variables,
error codes, read and write termination, and C programming preparations
that are common to both the NI -488.2 routines and NI-488 functions.

I ntroduction to the NI -488.2 Routines

A new set of NI-488.2 routines have been added to the NI -488.2M software
to take advantage of the |EEE 488.2 1992 standard. The NI-488.2 routines
are described in Chapter 4, NI-488.2M Software Characteristics and
Routines. Theseroutines are completely compatible with the Controller
sequences and protocols defined in the | EEE 488.2 1992 standard.

|EEE 488.2 is the standard upon which the new generation of test systems
will be built because it enhances system compatibility and configurability
by defining data formats, status reporting, Controller capabilities and
commands, and ageneral command set to which all 1EEE 488.2 instruments
must adhere. |EEE 488.2 is aso the basis of the Standard Commands for
Programmabl e Instrumentation (SCPI), so all SCPI instruments must be
|EEE 488.2 compatible. The NI-488.2 routines address these system
programming benefits of |EEE 488.2.
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The syntax of the NI-488.2 routines resembles the naming conventions used
in the standard. These routines let you take full advantage of |EEE 488.2,
especialy when a complete IEEE 488.2 system of Controllers and
instrumentsisused. There are routines that find all of the Listeners on the
bus, configure the attached instruments, find a device requesting service,
determine the state of the SRQ line, wait for SRQ to be asserted, and
address multiple devices. If your application plans call for IEEE 488.2, itis
best to use the NI -488.2 routines.

Some programming implementations, such as configuring timeout values or
monitoring al of the bus management lines, are not specifically described
in |[EEE 488.2. For these requirements, the traditional NI-488 board
functions can be used along with the NI-488.2 routines. The necessary

NI -488 board functions are described in the Relationship of NI-488.2
Routinesto NI -488 Calls section at the beginning of Chapter 4, NI -488.2M
Software Characteristics and Routines.

I ntroduction to the NI -488 Functions

The NI -488 functions consist of high-level (or device) functions that hide
much of the GPIB management operations and low-level (or board)
functions that offer you complete control over the GPIB. Typicaly, only a
few high-level functions are needed for most application programs. These
functions are described in Chapter 5, NI-488M Software Characteristics
and Functions.

Device Functions

Device functions are high-level functions that are easy to learn and use.
These functions free you from having to know the GPIB protocol or bus
management details involved. They automatically execute sequences of
commands that handle bus management operations required to perform
activities such as reading from and writing to devices or polling them for
status. Device functions access a specific device and take care of the
addressing and bus management protocol for that device. A descriptor of
the accessed device is one of the function's arguments.
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Board Functions

In contrast, board functions are low-level functions that perform
rudimentary GPIB operations. They are necessary because high-level
functions may not always meet the requirements of applications. In such
cases, low-level functions offer the flexibility to solve your application
needs.

Board functions access the GPIB interface board directly and require you to
do the addressing and bus management protocol for the bus. A descriptor
of the accessed board is one of the function's arguments.

More About Device and Board Functions

Y ou may find it helpful to compare how a high-level device function can be
replaced by several low-level board functions. Conducting aserial poll isa
good example. Inthediscussion of thei br sp function, the following C
example of the device function is used:

ibrsp (pltr,status)

Thisis equivalent to the following sequence using the board functions just
described:

cnd = "?1'\x18G';

i bcnd (gpi b0, cnd, 4);

i brd (gpibO, status, 1);
cmd = "\x19_";

i bcnd (gpi b0, cnd, 2);

Thefirst i bcmd function is used to send the string of ASCII commands
assigned in the first program line. These are Unlisten (?), listen address of
theboard (! ) with primary address 1, Serial Poll Enable (\ x18 (hex 18)),
and talk address of the plotter with primary address 7 (G). Now that the
plotter is addressed to send its status byte and the board is addressed to
receiveit, the i brd function is called to read the byte and store it in the
variable st at us. Thefina i bcrd function completes the poll by sending
the command string consisting of two messages: Serial Poll Disable (\ x19
(hex 19)) and Untalk ().

Y ou can see that a high-level device function is easier to use. However, if

an application requires a more complex serial poll routine than the one just
described, such as one that polls several devicesin succession and has other
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servicing operations at the same time, board functions can be used to create
such aroutine.

Opening Boar ds and Devices

The first step when using an NI-488 function is to obtain the unit descriptor
for all boards and devices that will be used. The unit descriptor ud isthe
general reference to the board or device descriptor returned by the i bf i nd
function or thei bdev function. A unit descriptor of adevice asthefirst
argument in afunction specifies adevice function. A unit descriptor of a
board as the first argument in a function specifies a board function. Some
NI -488 functions may be both a board function and a device function.

IBFIND (board or devname, dev)

i bf i nd returns a unit descriptor associated with the name of boards or
devices and must be called before any other NI1-488 functions. When the
software isinstalled, a description of each deviceis placed in an internal
reference table accessible by the driver. Thei bf i nd function locates a
board or device using the symbolic names defined in the driver such as
gpi b0, devl,or scope. Tofind out the names of these symbols, you
canruni bconf .

Programming Features Common to NI-488.2
Routines and NI -488 Functions

This section describes programming characteristics that apply when using
either the NI -488.2 routines or the NI-488 functions.
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Multiboard Driver

The driver can control or manipulate more than one interface board.
Figure 3-1 shows a multiboard GPIB system with board gpi bO connected
to two devices (an oscilloscope and adigital voltmeter) and with board
gpi b1 connected to two other devices (a printer and a plotter). Thistype
of driver is commonly called a multiboard driver.

Boards Devices
@ 0000
o0 o
GPIB Oscilloscope
One
SCOPE .
Board GPIB
GPl BO
Digital Voltmeter [ oooooo
GPIB
Board
GPl B1
Another
GPIB
Printer
PRTR

Figure 3-1. Multiboard GPIB System
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Learning NI-488.2 and Your Instruments

The best way to learn the NI-488.2 routines and NI-488 functions and the
commands of your instruments is interactively through your keyboard. The
Interface Bus Interactive Control (i bi ¢) program lets you input both

NI -488 functions and NI-488.2 routines from the keyboard. Y ou can easily
control instruments and receive status and error information without writing
an application program. i bi ¢ isdescribed with step-by-step instructionsin
Chapter 6, ibic.

General Programming Information

The following facilities or operations are common to all programming
options and languages:

e StatusWord (i bst a)

e FError Codes (i berr)

e Count Variables (i bcnt )

¢  Read and Write Termination

Y ou should understand these topi cs thoroughly to take full advantage of the
NI-488.2M driver's capabilities.

The next several paragraphs explain the statusword (i bst a), the error
variable (i ber r ), and the count variable (i bcnt ). Thesevariables are
updated after each function to reflect the status of the device or board just
accessed.

StatusWord —ibsta

All functions return a status word containing information about the state of
the GPIB and the GPIB interface board. Y ou can test for the conditions
reported in the status word to make decisions about continued processing.
The status word is returned in the variable i bst a. In addition, calls can be
made as functions (as opposed to subroutines) and the status word is
returned as the integer value of the function.
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The status word contains 16 bits, of which 14 are meaningful. A bit value
of one (1) indicates that the corresponding condition isin effect. A bit
value of zero (0) indicates that the condition is not in effect.

Table 3-1 lists the conditions and the bit position to be tested for each
condition. Some bits are set only on device functions (dev); some bits are
set only on board functions (brd); and some bits are set on either type (dev,
brd). The NI-488.2 routines are considered board functions.

Table 3-1. StatusWord (i bst a) Layout

Bit Hex Function
Mnemonics| Pos. | Vaue Type Description
ERR 15 8000 dev, brd GPIB error
TIMO 14 4000 dev, brd Time limit exceeded
END 13 2000 dev, brd END or EOS detected
SRQI 12 1000 brd SRQ interrupt received
RQS 11 800 dev Device requesting service
CMPL 8 100 dev, brd 1/0O completed
LOK 7 80 brd Lockout state
REM 6 40 brd Remote state
CiC 5 20 brd Controller-In-Charge
ATN 4 10 brd Attention is asserted
TACS 3 8 brd Taker
LACS 2 4 brd Listener
DTAS 1 2 brd Devicetrigger state
DCAS 0 1 brd Device clear state

The declaration file ugpi b. h for C defines the mnemonic for each bit in
the status bytes i bst a andi ber r . For example, the following two calls
are equivalent:

e if (ibsta &TACS) printf("TALK ADDRESS\n");

e if (ibsta &0x0008) printf("TALK ADDRESS\n");
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A description of each status word and its condition follows.

ERR (dev, brd)

TIMO (dev, brd)

END (dev, brd)

SRQI (brd)

RQS (dev)

ERR is set in the status word following any call that
resultsin an error; the particular error may be
determined by examiningthei ber r variable. ERRis
cleared following any call that does not result in an error.

Note: Itisrecommended that you check for an error
condition after each call. An unnoticed error
occurring early in your application program
may not become apparent until a later
instruction. At that time, the error can be more
difficult to locate.

TIMO indicates whether atimeout has occurred. TIMO
isset in the status word following ani bwai t if the
TIMO bit of the i bwai t mask parameter is also set and
if the wait has exceeded the time limit value. TIMO is
also set following any synchronous 1/0 functions (for
example, i brd,i bwt ,and i bcnd) if atimeout
occursduring acall. TIMO iscleared in the status word
in al other circumstances.

END indicates either that the END message has been
received from the EOI line or that the driver is
configured to terminate a read function on an EOS byte
and that an EOS byte has been received following aread
function. While the GPIB board is performing a shadow
handshake as aresult of the i bgt s function, any other
function may return a status word with the END bit set if
the END or EOS message occurred before or during that
call. END iscleared in the status word when any 1/0
operation isinitiated.

SRQI specifies that some device is requesting service.
SRQI is set in the status word whenever the GPIB board
isCIC, the GPIB SRQ lineis asserted, and the automatic
serial poll capability isdisabled. SRQI iscleared
whenever the GPIB board ceases to be the CIC, or the
GPIB SRQ line is unasserted.

RQS appears only in the status word of a device function
and indicates that the device is requesting service. RQS
is set in the status word whenever the hex 40 bit is
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CMPL (dev, brd)

LOK (brd)

REM (brd)

CIC (brd)

ATN (brd)
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asserted in the serial poll status byte of the device. The
serial poll that obtains the status byte may be the result
of ani br sp, or the poll may be done automatically by
the driver if automatic serial pollingisenabled. RQSis
cleared when ani br sp reads the seria poll status byte
that caused the RQS. An i bwai t on RQS should only
be done on devices that respond to seria polls.

CMPL indicates the condition of outstanding I/O
operations. It issetinthe status word whenever 1/O is
complete. CMPL is cleared while I/O isin progress.

LOK indicates whether the board isin alockout state.
While LOK isset, the Enabl eLocal routineor

i bl oc functionisinoperative for that board. LOK is
set whenever the GPIB board detects the Local Lockout
(LLO) message has been sent either by the GPIB board
or by another Controller. LOK is cleared when the
Remote Enable (REN) GPIB line becomes unasserted by
the System Controller.

REM indicates whether or not the board is in the remote
state. REM is set whenever the Remote Enable (REN)
GPIB lineis asserted and the GPIB board detects that its
listen address has been sent either by the GPIB board or
by another Controller. REM is cleared whenever REN
becomes unasserted, or when the GPIB board as a
Listener detects the Go to Local (GTL) command has
been sent either by the GPIB board or by another
Controller, or whenthe i bl oc function is called while
the LOK bit is cleared in the status word.

CIC indicates whether the GPIB board is the Controller-
In-Charge. CIC isset whenever the Sendl FC routine
or i bsi ¢ functionis executed while the GPIB board is
System Controller or when another Controller passes
control to the GPIB board. CIC iscleared whenever the
GPIB board detects Interface Clear (IFC) from the
System Controller, or when the GPIB board passes
control to another device.

ATN indicates the state of the GPIB Attention (ATN)
line. ATN isset whenever the GPIB ATN lineis
asserted and cleared when the ATN line is unasserted.
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TACS (brd) TACS indicates whether the GPIB board has been
addressed asa Talker. TACSis set whenever the GPIB
board detects its talk address (and secondary address, if
enabled) has been sent either by the GPIB board itself or
by another Controller. TACSis cleared whenever the
GPIB board detects the Untalk (UNT) command, its own
listen address, atalk address other than its own talk
address, or Interface Clear (IFC).

LACS (brd) LACS indicates whether the GPIB board has been
addressed asa Listener. LACS s set whenever the
GPIB board detects its listen address (and secondary
address, if enabled) has been sent either by the GPIB
board itself or by another Controller. LACSisalso set
whenever the GPIB board shadow handshakes as a result
of thei bgt s function. LACSis cleared whenever the
GPIB board detects the Unlisten (UNL) command, its
own talk address, Interface Clear (IFC), or i bgt s is
called without shadow handshake.

DTAS (brd) DTAS indicates whether the GPIB board has detected a
devicetrigger command. DTAS s set whenever the
GPIB board, as a Listener, detects the Group Execute
Trigger (GET) command has been sent by another
Controller. DTAS s cleared in the status word on any
call immediately following an i bwai t call if the DTAS
bitissetinthe i bwai t mask parameter.

DCAS (brd) DCAS indicates whether the GPIB board has detected a
device clear command. DCAS s set whenever the GPIB
board detects the Device Clear (DCL) command has
been sent by another Controller, or whenever the GPIB
board as a Listener detects the Selected Device Clear
(SDC) command has been sent by another Controller.
DCASiscleared in the status word on any call
immediately following an i bwai t cal if the DCAS bit
wassetinthe i bwai t mask parameter, or on any call
immediately following aread or write.

In addition to the previous conditions, the following situations also affect
the status word bits:
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¢ Acdltothefunctioni bonl clearsthefollowing bits:
END LOK REM CIC TACS LACS DTAS DCAS

e Acdltoibonl affectsbitsother than those listed here according to
the rules explained above.

In the event that afunction call returns an ENEB or EDVR error, al status
word bits except the ERR bit are cleared, because these error codes indicate
that it is not possible to obtain the status of the GPIB board.

Error Variable—iberr

If the ERR bit is set in the status word, a GPIB error has occurred; that is, if
the previous GPIB call returned with an i bst a value in which the ERR bit
is set, the following interpretations of i ber r apply. Theerror codeis
returned in the variable i ber r. Table 3-2 lists these error codes.

Table 3-2. GPIB Error Codes

Suggested | Decimal
Mnemonic | Value Explanation
EDVR 0 UNIX error (codeini bent )
ECIC 1 Function requires GPIB board to be CIC
ENOL 2 Write handshake error (e.g., no Listener)
EADR 3 GPIB board not addressed correctly
EARG 4 Invalid argument to function call
ESAC 5 GPIB board not System Controller as required
EABO 6 I/O operation aborted (timeout)
ENEB 7 Non-existent GPIB board
EDMA 8 DMA hardware problem
EBTO 9 DMA hardware bus timeout

(continues)
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Table 3-2. GPIB Error Codes (Continued)

Suggested | Decimal
Mnemonic | Value Explanation
ECAP 11 No capability for operation
EFSO 12 File system error
EBUS 14 GPIB bus error
ESTB 15 Serial Poall status byte queue overflow
ESRQ 16 SRQ stuck in ON position
ETAB 20 Table Problem

A description of each error and some conditions under which each error
may occur follows:

EDVR (0)

ECIC (1)

EDVR is returned when the device or board name passed in an
i bfi nd cal isnot configured in thedriver. i bent will
contain the UNIX error code. The remedy isto replace the
argument to i bf i nd with avalid board or device name or to
reconfigure the driver using the i bconf utility to recognize
the name.

EDVR is also returned when an invalid unit descriptor is
passed to any function call. The remedy isto be sure that

i bf i nd has been called and that it completed successfully.
Also note that following acall toi bonl with a second
argument of 0, which places br d offline, ani bfi nd is
required before any subsequent calls to or using that device or
board.

EDVR isalso returned when the driver isnot installed. The
remedy isto verify that the software was installed correctly.

ECIC isreturned when one of the following board functions
or routines is made while the board is not CIC:

« Any of the NI -488.2 routines

e Any board functions that put command bytes on the GPIB
bus:i bend,ibln,ibrpp
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e ibcac,ibgts
*  Any device functions that affect the GPIB

In cases when the GPIB board should always be the CIC, the
remedy isto be sureto call Sendl FC or i bsi ¢ to send
Interface Clear before attempting any of these calls, and to
avoid sending the command byte TCT (hex 09, Take Control).
In multiple CIC situations, the remedy isto always be certain
that the CIC bit appearsin the statusword i bst a before
attempting these calls. If itisnot, it ispossible to perform an

i bwai t (CIC) call to delay further processing until control is
passed to the board.

ENOL (2) ENOL usually occurs when awrite operation is attempted
with no Listeners addressed. For a device write, this error
indicates that the GPIB address configured for that devicein
the driver does not match the GPIB address of any device
connected to the bus, that the GPIB cable is not connected to
the device, or that the deviceis not powered on. This situation
can be corrected by either attaching the appropriate device to
the GPIB, modifying the address of an aready attached
device, caling i bpad (and i bsad if necessary) to match the
configured address to the device switch settings, or using the
i bconf configuration utility to reassign the proper GPIB
addressto the device in the driver.

For board functions, an i bcnd is generally necessary to
address devices beforeaboard i bwr t function is executed.
Be sure that the proper listen addressisin thei bcnd
argument string and that no Unlisten (hex 3F) command
followsit.

ENOL may occur in situations in which the GPIB board is not
the CIC and the Controller asserts ATN before the write call

in progress has ended. The remedy is either to reduce the
write byte count to that which is expected by the Controller, or
to resolve the situation on the Controller's end.
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EADR (3)

EARG (4)

ESAC (5)

EABO (6)

EADR occurs when the GPIB board is CIC and is not
addressing itself before read and write functions. Thiserror is
extremely unlikely to occur on a device function. For aboard
function the remedy is to be sure to send the appropriate Talk
or Listen addressusing SendCnds, SendSet up, or

Recei veSet up before attempting SendDat aByt es or
RcvRespMsg; ori bemd before attempting i bwrt or

i brd.

EADR isaso returned by the function i bgt s when the
shadow-handshake feature is requested and the GPIB ATN
lineis aready unasserted. In this case, the shadow handshake
is not possible and the error is returned to notify you of that
fact. i bgt s should almost never be called except
immediately after ani bend call. (i bend causes ATN to be
asserted.)

EARG resultswhen an invalid argument is passed to a
function call. The following are some examples:

i bt mo called with avalue not in the range 0 through 17.

i beos called with meaningless bits set in the high byte of the
second parameter.

i bpad ori bsad called with invalid addresses.
i bppc caled with invalid parallel poll configurations.

A board function made with a valid device descriptor, or a
device function made with avalid board descriptor.

Note: EDVRisreturned if the descriptor isinvalid.

ESAC resultswhen Sendl FC, i bsi c, Enabl eRenot e, or
i bsr e iscalled when the GPIB board does not have System
Controller capability. The remedy isto give the GPIB board
that capability by calling i br sc or by using i bconf to
configure that capability into the driver.

EABO indicates that |/O has been canceled, usually dueto a
timeout condition. Another cause is receiving the Device
Clear message from the CIC.
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ENEB (7)

EDMA (8)

EBTO (9)

ECAP (11)

EFSO (12)

EBUS (14)
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To remedy atimeout error, if 1/0 is actually progressing but
times out anyway, lengthen the timeout period with i bt nmo.
More frequently, however, the I/O is stuck (the Listener is not
continuing to handshake or the Talker has stopped talking), or
the byte count in the call which timed out was more than the
other device was expecting. Be sure that both partiesto the
transfer understand what byte count is expected; or, if
possible, have the Talker use the END message to assist in
early termination.

ENEB occurs when thereis no GPIB board at the 1/O address
specified in the configuration program. This happens when
the board is not physically plugged into the system, the 1/O
address specified during configuration does not match the
actual board setting, or there is a conflict in the system with
the base 1/0 address. If thereisamismatch between the
actual board setting and the value specified at configuration
time, either reconfigure the software or change the board
switches to match the configured value.

EDMA indicates that a DMA hardware error occurred during
an 1/0 operation.

EBTO indicates that a hardware bus timeout occurred during
an 1/O operation. Thisisusualy the result of an attempt by a
DMA Controller to access non-existent memory.

ECAP results when a particular capability has been disabled in
the driver and a call is made that attempts to make use of that

capability.

EFSO resultswhenan i brdf ori bwtf cal encountersa
problem performing a file operation. Specificaly, this error
indicates that the function is unable to open, create, seek,
write, or close the file being accessed. The specific error
code for this conditionis contained in i bent .

EBUS results when certain GPIB bus errors occur during
device functions. All device functions send command bytes to
perform addressing and other bus management. Devices are
expected to accept these command bytes within the time limit
specified by the configuration program or by i bt no. EBUS
occursif atimeout occurred during the sending of these
command bytes. Under normal operating circumstances, the
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ESTB (15)

ESRQ (16)

ETAB (20)

remedy would be to find out which GPIB device is accepting
commands abnormally slow and fix the problem with that
device. In situationsin which slow handshaking of the
commands is desirable, lengthen the board time limit either
with the configuration program or thei bt no function.

ESTB occurs only during thei br sp function. ESTB
indicates that one or more serial poll status bytes that were
received due to automatic serial polls have been discarded for
lack of room to storethem. Several older status bytes are
available; however, the oldest is being returned by the i br sp
cal. If your application cannot tolerate missing even one
status byte, the remedy isto disable Automatic Seria Polling
usingi bconf .

ESRQ occurs only during the WAi t SRQ routineor i bwai t
function. ESRQ indicates that await for RQS is not possible
because the GPIB SRQ lineis stuck on. The usual reason for
this situation is that some device that the driver is unaware of
isasserting SRQ. Because the driver does not know of this
device, it will never be serial polled and SRQ will never go
away. Another reason for this error isthat a GPIB bus tester
or similar equipment was forcing the SRQ line to be asserted
or that there is a cable problem involving the SRQ line.
Although the occurrence of ESRQ signals a definite GPIB
problem, it does not affect GPIB operations, except that the
RQS hit cannot be depended on while the condition lasts.

ETAB occursonly during the Fi ndLst n and Fi ndRQS
routines. ETAB indicates that there was some problem with a
table used by these functions. In the case of Fi ndLst n, this
isnot an error condition but smply an advisory message
which means that the given table did not have enough room to
hold all the addresses of the Listenersfound. In the case of

Fi ndRQ@S, it means that none of the devicesin the given table
were requesting service.
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Count Variable—ibcnt

The count variable is updated after each read, write, or command function
with the number of bytes actually transferred by the operation. The count
variable is also updated by many of the NI-488.2 routines. i bcnt isan
integer value.

Read and Write Termination

The |EEE 488 specification defines two methods of identifying the last byte
of device-dependent (data) messages. The two methods permit a Talker to
send data messages of any length without the Listener(s) knowing in
advance the number of bytesin the transmission. The two methods are as
follows:

« END message. In this method, the Talker asserts the EOI (End Or
Identify) signal simultaneously with transmission of the last data byte.
By design, the Listener stops reading when it detects a data message
accompanied by EOI, regardless of the value of the byte.

e End-Of-String (EOS) character. In this method, the Talker uses a
special character at the end of itsdata string. With |EEE 488.2, this
EOS character is explicitly designated asanew line (NL, ASCII 10,
hex OA) character. By prior arrangement, the Listener stops receiving
data when it detects that character. Either a 7-bit ASCII character or a
full 8-bit binary byte can be used.

The NI-488.2M driver terminates reads and writes according to the value of
the termination parameter. For reads, STOPend will terminate the read
operation on the END message. If the termination parameter is a character,
the read operation terminates when that character isreceived. For writes,
the termination parameter may be either NLend, DABend, or NULLend.
NLend sends NL with END after the last data byte has been sent; DABend
sends END with the last data byte to be sent; and NULLend simply sends
the data bytes with no END message.
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C Programming Infor mation

The following discussion contains information for programming the driver
functionsin C.

C Language Files

The NI -488 software distribution medium contains the following files
which are relevant to programming in C:

e ugpi b. h isafile containing useful variable and constant declarations.

e cib.c (orinsomecases, ci b. 0) isthe C language interface library
for the N1-488.2 functions.

Programming Preparationsfor C

Include the following C statement at the beginning of your application
program:

#i ncl ude "ugpi b. h"

The compiled C application program written islinked with ci b. o to
produce an executable file. Refer to the Getting Started manual included
with your NI-488.2M driver for instructions on creating and using the

ci b. o file.

Signal Interrupting

C programs may be signaled on the occurrence of a GPIB event. When the
signal occurs, the program goes to a user-specified signal handler. The
signal handler is attached using the UNIX signal function. The default
signal to beraisedisSI A NT and may be changed using the ibconf utility.

A special function, i bsgnl , isused to make the NI1-488.2M driver assert a
UNIX signal on the occurrence of a GPIB event. The i bsgnl functionis
aboard-level function that is passed a bit mask that specifies which events
aretoraisethesignal. A mask bit is set to request asignal when the
corresponding event occurs. A mask of zero disables signals. Table 3-3
displays the recognized bits.
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Table 3-3. Signal Mask Layout
Bit Hex
Mnemonic | Postion | Value Description
SRQI 12 1000 SRQon
LOK 7 80 GPIB board isin Lockout State
REM 6 40 GPIB board isin Remote State
CiC 5 20 GPIB board is Controller-In-Charge
TACS 3 8 GPIB board is Talker
LACS 2 GPIB board is Listener
DTAS 1 2 GPIB board isin Device Trigger
State
DCAS 0 1 GPIB board isin Device Clear State

The following is an example program that handles the SIGINT UNIX signal
when the SRQI GPIB event occurs:

voi d si gnal _handl er ()

{

mai n()

}

;si gnal (SI G NT, signal _handl er);

i nt board;

board
si gnal

i bsgnl

i bfind ("gpib0");

(SI A NT, si gnal _handl er);

(board, SRQ);
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The next two chapters describe in detail the NI-488.2 routines and
NI -488 functions, respectively. Complete descriptions of each routine and
function are given and example code and programs are shown.
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NI-488.2M Software Characteristics
and Routines

This chapter contains a discussion of the important characteristics of the
NI -488.2 routines available in the driver that are common to al
programming languages. It also describes the calling syntax for the
proceduresin C.

Overview

The |EEE 488.2 1992 specification explains in greater detail than the earlier
|EEE 488.1 specification the exact waysin which the GPIB isto be
managed by the Controller, the standard messages that compliant devices
should understand, the mechanisms by which device errors and other status
information are to be reported, and various protocols aimed at discovering
what compliant devices are connected to the bus and configuring these
devices.

To be fully compliant with the |EEE 488.2 protocol, the latest revisions of
many National Instruments GPIB interface boards are now fully compatible
with the more stringent requirements of the |EEE 488.2 specification. In
addition, routines have been added to the driver. By using these routines,
you can have a programming interface that closely resembles the
descriptions found in the |EEE 488.2 specification document, and that
strictly adheres to the command and data sequences found there.

Using National Instruments NI -488.2 routines together with compliant
488.2-compatible devices can result in greater predictability of instrument
behavior and programming correctness, and increased similarity in the ways
that instruments of different manufacturers are programmed.

General Programming Information

The NI -488.2 routines use the Controller protocols and procedures
described in the |EEE 488.2 specification. The calling syntax of the
routines isintended to closely resemble the implementations suggested in
that specification document.
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The NI -488.2 set of routines consists of the following routines, whose
functionality can be broken down into the following groups:

e« SimpleDevicel/O

- Send
- Receive

e Multiple Device l/O

- SendLi st

e Simple Device Control

- Trigger

- Devd ear

- ReadSt at usByte
- PPol |

- PPol | Config

- PPol | Unconfi g
- PassControl

e Multiple Device Control

- TriggerlList

- Devd ear Li st
- Enabl eRenot e
- Enabl eLocal
- Fi ndRQs

- Al Spoll

¢ BusManagement

- Reset Sys
- Sendl FC
- FindLstn
- Test SRQ
- Wit SRQ
- Test Sys
- SendLLO
- Set RWLS

« Low-level I/O

- SendCmds
- SendDat aByt es
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- SendSet up
- RcvRespMsg
- ReceiveSet up

The Simple Device 1/0 routines can read and write to individual GPIB
devices.

The Multiple Device /O routines can write the same message to multiple
Listeners with a single message transmission.

The Simple Device Control routines direct various bus management
instructions to individua devices.

The Multiple Device Control routines direct bus management instructions
to multiple devices in the same message.

The Bus Management routines cause system-wide functions to be
performed, or provide system-wide status.

The Low-Level 1/O routines are used to break down a higher-level routine
into more detailed instructions due to unusual situations.

All routines take, as their first parameter, a board number selecting a GPIB
interface board installed in the computer. For the majority of cases, there
will be only one GPIB interface board installed, and its board number will
be 0. Therefore, in thetypical case, a0 isthefirst argument of all

NI -488.2 routines.

Routines that operate on single devices have, as their second parameter, an
integer that indicates the GPIB address of the device. Inthetypical case of
adevice that uses only primary GPIB addressing, thisinvolves passing a
simple integer in the range 0 to 30, corresponding to the primary GPIB
address of the device. In the more unusua case of a device with both a
primary and a secondary address, the two addresses are packed into an
integer with the primary address in the lower byte and the secondary
addressin the higher byte. In C, such integers would resemble, for
example, 6103, which indicates a device whose primary addressis 3 and
whose secondary addressis hex 61.

Routines that operate on multiple devices have, as their second parameter,
an integer array containing the addresses in question. The individual
addresses are formed in the same way as described in the previous
paragraph for the single-device routines, except that they are placed in
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consecutive elements of an integer array, followed by a special value,
NQADDR, to mark the end of the addresses.

1/O routines contain a buffer argument and, in some languages, a count
argument. |f present, the count argument may be specified as either an
integer or along integer (if allowed by the language.)

Some routines require other parameters to fulfill particular specialized
needs of the routine.

Relationship of NI -488.2 Routinesto NI-488 Calls

The NI -488.2 routines have a complete set of Controller procedures and
protocols as defined in |EEE 488.2. There are cases, however, where more
detailed control of the GPIB isrequired, in ways that are outside the scope
of the IEEE 488.2 standard. These situations include the following:

e Communicating with non-compliant (non-1EEE 488.2) devices
e Altering various low-level board configurations
¢ Managing the bus in non-typical ways

The original National Instruments NI -488 board functions are compatible
with, and can be interspersed within, sequences of NI-488.2 routines. For
example, acall toi bt mo can be issued within sequences of NI-488.2
routines to alter the timeout value; acall to i bl i nes can beissued to
monitor the state of any given GPIB line, and so on. To make these calls
from within a sequence of NI-488.2 routines, the usual call to i bf i nd is
not required; merely substitute the board number as the first parameter of
the NI-488 board function. Thus, all callsin the sequence, both

NI-488.2 and NI-488, will have the same board number (usually 0) asthe
first parameter. Using these calls as needed within an NI -488.2 program
ensures that non-standard or unusual situations or devices can be dealt with
easlly.
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Timeouts

Most of the NI-488.2 routines, particularly those involving the transfer of
command sequences or data messages, are regulated by the same timeout
mechanism that regulates the N1-488 calls. A default timeout period of 10
seconds is preconfigured in the driver; thus, all 1/0 must complete within
that period to avoid atimeout error. In addition, the Vi t SRQ routine
waits for this period before returning with a“no SRQ” indication. The
default timeout value can be changed with the i bconf utility. Inaddition,
you can use the NI -488 board function call i bt no to programmatically
ater the timeout period. Refer to the description of thei bt no function in
Chapter 5, NI-488M Software Characteristics and Functions for more
information.

Regardless of the I/O and Wait timeout period, a much shorter timeout is
enforced for responses to serial polls. This shorter timeout period takes
effect whenever a serial poll is conducted. Because devices normally
respond quickly to polls, there is no need to wait for the relatively lengthy
1/0 timeout period for a non-responsive device.

C NI-488.2 Routines

Table 4-1 lists the call syntax for each NI1-488.2 routine and a brief
description of these routines for C.

Table4-1. C NI-488.2 Routines

Call Syntax Description
Al Spol | (board, addressli st, Serial poll al devices
resultlist)

DevCl ear (board, address) Clear asingle device

Devd ear Li st (board, addressli st) Clear multiple devices

Enabl eLocal (board, addresslist) Enable operations from
the front of adevice

Enabl eRenot e (board, addressl i st) Enable remote GPIB

programming of devices

(continues)
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Table4-1. C NI-488.2 Routines (Continued)
Call Syntax Description

Fi ndLstn (board, addressli st,
resultlist,limt)

Find all Listeners

Fi ndRQS (board, addresslist,result)

Determine which deviceis
reguesting service

PassControl (board, address)

Pass control to another
device with Controller
capability

PPol | (board,result)

Perform a parallel poll

PPol | Confi g (board, address,
dat al i ne, sense)

Configure adevice for
paralel polls

PPol | Unconfi g (board, addresslist)

Unconfigure devices for
parale polls

RcvRespMsg (board, dat a, termi nati on)

Read data bytes from
already addressed device

ReadSt at usByt e (board, addr ess,
result)

Serial poll asingle device
to get its status byte

Recei ve (board, address, count, Read data bytes from a
term nati on) GPIB device
Recei veSet up (board, addr ess) Prepare a particular device
to send data bytes and

prepare the GPIB board to
read them

Reset Sys (board, addresslist)

Initialize a GPIB system
on three levels

Send (board, addr ess, dat a, eot node)

Send data bytesto asingle
GPIB device

SendCmds ( boar d, conmands, count)

Send GPIB command
bytes

SendDat aByt es (board, dat a, count Send data bytes to already
eot mode) addressed devices
(continues)
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Table4-1. C NI-488.2 Routines (Continued)

Call Syntax Description

Sendl FC ( boar d) Clear the GPIB interface
functionswith IFC

SendLi st (board, addressli st, dat a, Send data bytes to

count, eot node) multiple GPIB devices

SendLLO (board) Send the local lockout
message to all devices

SendSet up (board, addressli st) Prepare particular devices
to receive data bytes

Set RWLS (board, addresslist) Place particular devicesin
the Remote with L ockout
State

Test SRQ (board, resul t) Determine the current
state of the SRQ line

Test Sys (board, addressl i st, Cause devices to conduct

resultlist) salf-tests

Trigger (board, address) Trigger asingle device

Triggerlist (board, addresslist) Trigger multiple devices

Wi t SRQ (board, resul t) Wait until adevice asserts
Service Request

NI -488.2 Routine Descriptions

The remainder of this chapter contains a detailed description of each
NI -488.2 routine with examplesin C. The descriptions are listed
aphabetically for easy reference.

To theright of each routine, notice the number 3 in parentheses (3). This
number isa UNIX convention. It identifies the type of function (in this
case, aroutine) and also refers you to a particular section in your UNIX
Reference Pages (in this case, Section 3).
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AllSpoll (3) AllSpall (3)

Purpose:  Seria Poll all devices.

Syntax: void Al | Spol | (int board, Addr4882_t addressli st [],
shortresul tlist [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained in the address array are serial polled, and the responses are stored
in the corresponding elements of ther esul t | i st array. The parameter
addr essl i st isanarray of addressintegers of any size, terminated by
the value NOADDR.

If any of the specified devices times out instead of responding to the pall,
then the error code EABO isreturned in i berr ,and i bcnt containsthe
index of the timed-out device.

Althoughthe Al | Spol | routineis general enough to serial poll any
number of GPIB devices, the ReadSt at usByt e routine should be used
in the case of polling exactly one GPIB device.

Example:

Serial poll two devices connected to board 0 whose GPIB addresses are
8and9.

Addr4882_t addresslist[3] = {8, 9, NOADDR};

short resultlist[2];
Al'l Spoll (0, addresslist, resultlist);
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DevClear (3) DevClear (3)

Purpose:  Clear asingle device.
Syntax: void Devd ear (int board, Addr4882 t address)

boar d specifies aboard number. The GPIB Selected Device Clear (SDC)
message is sent to the device at the given address. The parameter

addr ess containsin itslow byte the primary GPIB address of the device
to be cleared. The high byte should be 0O if the device has no secondary
address. Otherwise, it should contain the desired secondary address. If
addr ess contains the constant value NOADDR, the Universal Device Clear
message is sent to al devices on the GPIB.

TheDevd ear routineisused to clear either exactly one GPIB device, or
al GPIB devices. To send asingle message that clears several particular
GPIB devices, usethe Devd ear Li st routine.

Example:

Clear adigital voltmeter connected to board 0 whose primary GPIB
addressis 9 and whose secondary GPIB addressis 97.

Devd ear (0, MakeAddr (9, 97));

/* In C, a macro has been defined in the header
* file ugpib.h, MkeAddr(p, s), which can be
* used to pack the primary and secondary
* addresses into the correct form
*/
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DevClearList (3) DevClearList (3)

Purpose:  Clear multiple devices.
Syntax: void DevC ear Li st (intboard, Addr4882_t addressli st [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained in the address array are cleared. The parameter addr essl i st
isan array for any size of address integers, terminated by the value
NQADDR.

Although the DevC ear Li st routineis general enough to clear any
number of GPIB devices, the DevC ear routine should be used in the
common case of clearing exactly one GPIB device.

If the array contains only the value NOADDR or NULL , the universal Device
Clear message is sent.

Example:

Clear two devices connected to board 0 whose GPIB addresses are 8
and 9.

Addr 4882_t addresslist[3] = {8, 9, NOADDR};
Devd earList (0, addresslist);
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Enablel ocal (3) Enablel ocal (3)

Purpose:  Enable operations from the front panel of adevice.
Syntax: void Enabl eLocal (int board, Addr4882 t addressli st [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained inthe addr essl i st array are placed in local mode by
addressing the devices as Listeners and sending the GPIB Go To Local
command. The parameter addr essl i st isan array for any size of
address integers, terminated by the value NOADDR.

If the array contains only the value NOADDR or NULL , Remote Enable
(REN) becomes unasserted, immediately placing all GPIB devicesin local
mode.

Example:

Place the devices at GPIB addresses 8 and 9 in local mode.

Addr4882_t addresslist[3] = {8, 9, NOADDR};
Enabl eLocal (0, addresslist);

© National Instruments Corp. 4-11 NI-488.2M Reference Manual



NI-488.2M Software Characteristics and Routines Chapter 4

EnableRemote (3) EnableRemote (3)

Purpose:  Enable remote GPIB programming of devices.
Syntax: void Enabl eRenot e (intboard, Addr4882_t addressli st [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained inthe addr essl i st array are placed in remote mode by
asserting Remote Enable (REN) and addressing the devices as Listeners.
The parameter addr essl i st isan array for any size of address integers,
terminated by the value NOADDR.

If the array contains only the value NOADDR or NULL for addr essl i st ,
no addressing is performed, and Remote Enable (REN) becomes asserted.

Example:

Place the devices at GPIB addresses 8 and 9 in remote mode.

Addr 4882_2 addresslist[3] = {8, 9, NOADDR};
Enabl eRenpte (0, addresslist);
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FindLstn (3) FindLstn (3)

Purpose:  Find al Listeners.

Syntax: voi d Fi ndLst n (intboard, Addr4882_t addresslist [],
Addr4882 t resul tlist [], intlimit)

boar d specifiesaboard number. addr essl i st containsalist of
primary GPIB addresses, terminated by the value NOADDR. These
addresses are tested in turn for the presence of alistening device. If found,
the addresses are entered into the r esul t 1 i st . If nolistening deviceis
detected at aparticular primary address, all the secondary addresses
associated with that primary address are tested, and detected Listeners are
enteredintoresul t1ist. Thelimt argument specifies how many
entries should be placed intothe r esul t | i st array. If more Listeners
are present on the bus, the list istruncated after | i mi t entries have been
detected, and the error ETAB will bereported in i berr . Thevariable

i bent will contain the number of addresses placedinto resul t1i st .

Because for any given primary address there may be multiple secondary
addresses that respond as Listeners, the r esul t i st array should, in
general, belarger than the addr essl i st array. Inany event, the
resul tlist (withlimt beingthe maximum possible results) array
must be large enough to accommodate all expected listening devices
because no check is made for overflow of the array.

Because most GPIB devices have the ability to listen, thisroutine is
normally used to detect the presence of devices at particular addresses.
Once detected, they usually can be interrogated by identification messages
to determine what devicesthey are.

Example:

Determine which one of the devices at addresses 8, 9, and 10 are
present on the GPIB.

Addr 4882_t addresslist[4] = {8, 9, 10, NOADDR};

Addr4882_t resultlist[5];
Fi ndLstn (0O, addresslist, resultlist, 5);
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FindRQS (3) FindRQS (3)

Purpose:  Determine which deviceis requesting service.

Syntax: void Fi ndRQS (int board, Addr4882_t addressli st [],
short*resul t)

boar d specifiesaboard number. addr essl i st containsalist of
primary GPIB addresses, terminated by the value NOADDR. Starting from
the beginning of the addr essl i st , theindicated devices are serial polled
until one isfound which is asserting SRQ. The status byte for this deviceis
returned in the variable r esul t . In addition, the index of the device's
addressin addr essl i st isreturned in the global variablei bcnt .

If none of the specified devicesis requesting service, the error code ETAB
isreturned ini berr ,and i bent contains the index of the NOADDR entry
of thelist.

If adevice times out while responding to its serial poll, the error code
EABO isreturned in i berr , and the index of the timed-out device will
appear ini bent .

Example:

Determine which one of the devices at addresses 8, 9, and 10 are
reguesting service.

Addr4882_t addresslist[3] = {8, 9, 10, NOADDR};

short result;
Fi ndRQS (0, addresslist, &esult);
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PassControl (3) PassControl (3)

Purpose:  Pass control to another device with Controller capability.
Syntax: void PassControl (int board, Addr4882 t address)

boar d specifies aboard number. The GPIB Device Take Control message
is sent to the device at the given address. The parameter addr ess
containsin its low byte the primary GPIB address of the device to be passed
control. The high byte should be 0 if the device has no secondary address.
Otherwise, it should contain the desired secondary address.

Example:

Pass control to a Controller connected to board O whose primary GPIB
addressis 9.

PassControl (0, 9);
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PPall (3) PPall (3)

Purpose:  Perform aparallée poll.
Syntax: void PPol | (int board, short*result)

boar d specifies aboard number. A paralel poll isconducted, and the
eight-bit result isstored intor esul t . Only the lower eight bits of
resul t areaffected.

Each bit of the poll result returns one bit of status information from each
device that has been configured for parallel polls. The state of each bit (O or
1), and the interpretation of these states are based on the latest parallel poll
configuration sent to the devices and the individual status of the devices.
Example:

Perform a parallel poll on board O.

short result;
PPol | (0, &result);
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PPollConfig (3) PPollConfig (3)

Purpose:  Configure adevice for parallel polls.

Syntax: void PPol | Confi g (int board, Addr4882_t addr ess, int
dat al i ne, intsense)

boar d specifiesaboard number. The GPIB device at addr ess is
configured for parallel polls according to thedat al i ne and sense
parameters. dat al i ne isthe dataline (1-8) on which the deviceisto
respond , and sense indicates the condition under which the datalineisto
be asserted or unasserted. The device is expected to compare this sense
value (O or 1) toitsindividual status bit, and respond accordingly.

Devices have the option of configuring themselves for parallel polls, in
which case they are to ignore attempts by the Controller to configure them.
Y ou should determine whether the device islocally or remotely
configurable before using PPol | Confi g or PPol | Unconfi g.

Example:
Configure adevice connected to board O at address 8 so that it responds

to parallel polls on dataline 5 with sense O (assert the line if the
individual statusis 0, unassert the lineif the individual statusis 1).

PPol | Config (0, 8, 5, 0);
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PPollUnconfig (3) PPollUnconfig (3)

Purpose:  Unconfigure devices for parallel polls.

Syntax: void PPol | Unconfi g (int board, Addr4882 t
addr esslist [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained in the address array are unconfigured for parallel polls; that is,
they no longer participate in polls. The parameter addr essl i st isan
array of addressintegers of any size, terminated by the value NOADDR.

If the array contains only the value NOADDR or NULL , the GPIB Parallel
Poll Unconfigure (PPU) message is sent, unconfiguring all devices.

Example:

Unconfigure two devices connected to board 0 whose GPIB addresses
are8and 9.

Addr4882_t addresslist[3] = {8, 9, NOADDR};
PPol | Unconfig (0, addresslist);
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RcvRespM g7 (3) RcvRespM g3 (3)

Purpose:  Read data bytes from already addressed device

Syntax: void RcvRespMsg (int boar d, char data [], long count,
intterm nati on)

boar d specifiesaboard number. Uptocount databytesare read from
the GPIB and placed into the pre-allocated string dat a. Thecount
argument is of type | ong; however, i nt eger values and variables may
asobepassed. term nati on isaflag used to describe the method of
signaling the end of the data. If it is avalue between 0 and hex 00FF, the
ASCII character with the corresponding hex value is considered the
termination character, and the read is stopped when the character is
detected. If t er mi nati on isthe constant STOPend (defined in the
header file ugpi b. h), then the read is stopped when EOI is detected.

RcvRespMsg assumes that the GPIB Talker and Listeners have already
been addressed by a prior call to routines such asRecei veSet up,
Recei ve, or SendCnds. Thus, it isused specificaly to skip the
addressing step of GPIB management. The Recei ve routineis normally
used to accomplish the entire sequence of addressing followed by the
reception of data bytes.

Example:

Receive 100 bytes from an aready addressed Talker. The transmission
should be terminated when a linefeed character is detected.

char data[100];
RcvRespMsg (0, data, 100, '\n’);
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ReadStatusByte (3) ReadStatusByte (3)

Purpose:  Serid poll asingle deviceto get its status byte.

Syntax: void ReadSt at usByt e (intboard, Addr4882 t address,
short*resul t)

boar d specifies aboard number. The indicated deviceis serial polled, and
its status byte is placed into the variabler esul t .

Example:

Seria poll the device at address 8 and return its status byte.

short result;
ReadSt at usByte (0, 8, &esult);
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Receive (3) Receive (3)

Purpose:  Read data bytes from a GPIB device.

Syntax: void Recei ve (intboard, Addr4882_t address, char data
[1, unsignedlong count, intterm nation)

boar d specifies aboard number. The indicated GPIB device is addressed,
and up to count data bytes are read from that device and placed into the
pre-alocated string dat a. Thecount valueis of typelong. Eventhough
itisalong valuein these languages, however, integer values and variables
may also be passed. t er m nat i on isavalue used to describe the method
of signaling the end of the data. If it isavalue between 0 and hex 00FF, the
ASCII character with the corresponding hex value is considered the
termination character, and the read is stopped when the character is
detected. If t er mi nat i on isthe constant STOPend (defined in the
header file ugpi b. h), theread is stopped when END is detected.

Example:

Receive 100 bytes from the device at address 8. The transmission
should be terminated when END is detected.

char data[100];
Receive (0, 8, data, 100, STOPend);
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ReceiveSetup (3) ReceiveSetup (3)

Purpose:  Prepare a particular device to send data bytes and prepare the
GPIB interface board to read them.

Syntax: void Recei veSet up (int board, Addr4882_t addr ess)

boar d specifies aboard number. The indicated GPIB deviceis addressed
asaTalker, and the indicated board is addressed as a Listener. Following
thisroutine, it is common to call aroutine such as RcvRespMsg to
actually transfer the data from the Talker.

Thisroutineis useful to initially address devices in preparation for
receiving data, followed by multiple calls of RevRespMsg to receive
multiple blocks of data, thus eliminating the need to re-address the devices
between blocks. Alternatively, the Recei ve routine could be used to send
the first data block, followed by RcvRespMsg for al the subsequent
blocks.

Example:

Prepare a GPIB device at address 8 to send data bytesto board 0.
Then, receive messages of up to 100 bytes from the device, and store it
inastring. The message isto be terminated with END.

char nessage[ 100];

Recei veSetup (0, 8)
RcvRespMsg (0, message, 100, STOPEND);
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ResetSys (3) ResetSys (3)

Purpose:  Initialize a GPIB system on three levels.
Syntax: void Reset Sys (int board, Addr4882_t adddressli st [])

boar d specifies aboard number. The GPIB systemisinitialized on the
following three levels:

* Businitialization: Remote Enable (REN) is asserted,
followed by Interface Clear (IFC),
causing al devices to become
unaddressed and the GPIB interface
board (the System Controller) to
become the Controller-in-Charge.

* Message exchange initialization: The Device Clear (DCL) messageis
sent to al connected devices. This
ensures that all 488.2 compatible
devices can receive the Reset (RST)
message that follows.

* Deviceinitialization: *RST messageis sent to al devices
whose addresses are contained in the
addr essl i st argument. Thiscauses
device-specific functions within each
deviceto beinitialized.

Example:

Completely reset a GPIB system containing devices at addresses 8, 9,
and 10.

Addr4882_t addresslist[4] = {8, 9, 10, NOADDR};
Reset Sys (0, addresslist);
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Send (3) Send (3)

Purpose:  Send data bytesto asingle GPIB device.

Syntax: void Send (intboard, Addr4882_t address, chardata [],
long count, inteot node)

boar d specifies aboard number. The indicated GPIB deviceis addressed
asalListener, the indicated board is addressed as a Talker, and count data
bytes contained in dat a are sent. The count valueisof typelong. Even
though it isalong value in these languages, however, integer values and
variables may also be passed. eot nbde isaflag used to describe the
method of signaling the end of the data to the Listener. It should be set to
one of the following constants:

*NLend Send NL (linefeed) with EOI after the data bytes.
* DABend Send EOQI with the last data byte in the string.
*NULLend Do nothing to mark the end of the transfer.
These constants are defined in the header file ugpi b. h.
Example:

Send an identification query to the GPIB device at address 8.
Terminate the transmission using a linefeed character with END.

Send (0, 8, “*IDN?”", 5, NLend);
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SendCmds (3) SendCmds (3)

Purpose:  Send GPIB command bytes.

Syntax: void SendCmds ( int board, char conmands [],
unsigned long count )

boar d specifies aboard number. comrands contains command bytesto
be sent onto the GPIB. The number of bytes to be sent from the string is
indicated by the argument count . Thecount valueis of type long.
However, integer values and variables may also be passed.

SendCnds isnot normally required for GPIB operation. Itisto be used
when specialized command sequences, which are not provided for in other
routines, must be sent onto the GPIB.

Example:

Contraller, at address 0, simultaneously triggers GPIB devices at
addresses 8 and 9, and immediately places them into local mode.

SendCmds (0, “\x3F\ x40\ x28\ x29\ x04\ x01", 6);
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SendDataBytes (3) SendDataBytes (3)

Purpose:  Send data bytes to already addressed devices.

Syntax: void SendDat aByt es ( int board, char dataf],
long count, int eot node)

boar d specifiesaboard number. dat a contains data bytes to be sent on
to the GPIB. The number of bytesto be sent from the string is indicated by
theargument count . The count valueisof typelong. Eventhoughitis
along value in these languages, however, integer values and variables may
also be passed. eot node isaflag used to describe the method of signaling
the end of the datato the Listeners. It should be set to one of the following
constants:

*NLend Send NL (linefeed) with EOI after the data bytes.

* DABend Send EOQI with the last data byte in the string.
*NULLend Do nothing to mark the end of the transfer.

These constants are defined in the header file ugpi b. h.

SendDat aByt es assumesthat all GPIB Listeners have already been
addressed by a prior call to functions such as SendSet up, Send, or
SendQmds. Thus, it isused specifically to skip the addressing step of
GPIB management . The Send routineis normally used to accomplish the
entire sequence of addressing followed by the transmission of data bytes.

Example:

Send an identification query to all addressed Listeners. The
transmission should be terminated with alinefeed character with END.

SendDat aBytes (0, “*IDN?”, 5, NLend);
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SendIFC (3) SendIFC (3)

Purpose:  Clear the GPIB interface functions with IFC
Syntax: void Sendl FC ( int boar d)

boar d specifies aboard number. The GPIB Device IFC messageisissued,
resulting in the interface functions of al connected devices returning to
their cleared states.

Thisfunction isused as part of GPIB initialization. It forces the GPIB
interface board to be Controller of the GPIB, and ensures that the
connected devices are al unaddressed and that the interface functions of the
devices arein their idle states.

Example:

Clear the interface functions of the devices connected to board 0.

Sendl FC (0);
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SendList (3) SendList (3)

Purpose:  Send data bytes to multiple GPIB devices.

Syntax: void SendLi st (int board, Addr4882_t addr essl i st [], char
data[], longcount, inteot nmode)

boar d specifiesaboard number. addr essl i st containsalist of
primary GPIB addresses, terminated by the value NOADDR. The GPIB
devices whose addresses are contained in the address array are addressed as
Listeners, the indicated board is addressed as a Talker, and count data
bytes contained in dat a are sent. The count valueis of typelong.
However, integer values and variables may also be passed. eot node isa
flag used to describe the method of signaling the end of the data to the
Listener. It should be set to one of the following constants:

*NLend Send NL (linefeed) with EOI after the data bytes.
« DABend Send EOQI with the last data byte in the string.
*NULLend Do nothing to mark the end of the transfer.
These constants are defined in the header fileugpi b. h.

Thisroutineis similar to Send, except that multiple Listeners are able to
receive the data with only one transmission.

Example:

Send an identification query to the GPIB devices at address 8 and 9.
The transmission should be terminated using alinefeed character with
EOQI.

Addr4882_t addresslist[3] = {8, 9, NOADDR};
SendLi st (0, addresslist, "*IDN?", 5, NLend);
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SendLLO (3) SendLLO (3)

Purpose:  Send the Local Lockout messageto all devices.
Syntax: void SendLLO ( int boar d)

boar d specifies aboard number. The GPIB Local Lockout messageis
sent to all devices, so that the devices cannot independently choose the local
or remote states. While Local Lockout isin effect, only the Controller can
ater thelocal or remote state of the devices by sending appropriate GPIB

messages.
SendLLO isreserved for use in unusual |ocal/remote situations,
particularly those in which all devices are to be locked into local
programming state. In thetypical case of placing devicesin Remote Mode
With Lockout state, the Set RAWLS routine should be used.
Example:

Send the Local Lockout message to all devices connected to board 0.

SendLLO (0);
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SendSetup (3) SendSetup (3)

Purpose:  Prepare particular devicesto receive data bytes.
Syntax: void SendSet up (intboard, Addr4882_t addressli st [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained inthe addr essl i st array are addressed as Listeners, and the
indicated board is addressed as a Talker. Following thiscall, it is common
to call aroutine such as SendDat aByt es to actualy transfer the datato
the Listeners. The parameter addr essl i st isan array for any size of
address integers, terminated by the value NOADDR.

This command would be useful to initially address devices in preparation
for sending data, followed by multiple calls of SendDat aByt es to send
multiple blocks of data, thus eliminating the need to re-address the devices
between blocks. Alternatively, the Send routine could be used to send the
first data block, followed by SendDat aByt es for al the subsequent
blocks.

Example:
Prepare GPIB devices at addresses 8 and 9 to receive data bytes. Then,

send both devices the five messages stored in astring array. EOI isto
be sent along with the last byte of the last message.

int i;
Addr 4882_t addresslist[3] = {8, 9, NOADDR};
char *nmessages[5] = {

"Message 0",

"Message 1",

"Message 2",

"Message 3",

"Message 4" };
SendSet up (0, addresslist)
for (i =0; i < 4; i++)
SendDat aByt es (0, nessages|[i],
strlen (messages[i]), NULLend) ;
SendDat aByt es (0, nmessages[4], strlen
(nmessages[ 4] ) NLend) ;
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SEtRWL S (3) SEetRWLS (3)

Purpose:  Place particular devicesin the Remote With Lockout State.
Syntax: void Set R\LS (int board, Addr4882_t addressli st [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained inthe addr essl i st array are placed in remote mode by
asserting Remote Enable (REN) and addressing the devices as Listeners. In
addition, all devices are placed in Lockout State, which prevents them from
independently returning to local programming mode without passing
through the Controller. The parameter addr essl i st isan array of any
size of address integers, terminated by the value NOADDR.

Example:

Place the devices at GPIB addresses 8 and 9 in Remote With Lockout
State.

Addr4882_t addresslist[3] = {8, 9, NOADDR};
Set RALS (0, addresslist);
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TestSRQ (3) TestSRQ (3)

Purpose:  Determine the current state of the SRQ line.
Syntax: void Test SRQ (int board, short*resul t)

boar d specifies aboard number. Thiscall placesthe value 1 in the
variable resul t if the GPIB SRQ lineis asserted. Otherwise, it placesthe
vaueof Ointoresul t .

Thisroutineis similar in format to the Vi t SRQ routine, except that
Wi t SRQ suspends itself waiting for an occurrence of SRQ, whereas
Test SRQ returnsimmediately with the current SRQ state.

Example:

Determine the current state of SRQ.

short result;
Test SRQ (0, &result);
if (result == 1)
{ /* SRQis asserted */ }
el se
{ /* No SRQat this tine */ }
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TestSys (3) TestSys(3)

Purpose:  Cause devicesto conduct self-tests.

Syntax: void Test Sys (int board, Addr4882_t addr essl i st [],
short resul tlist [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained in the address array are simultaneously sent a message that
instructs them to conduct their self-test procedures. Each device returns an
integer code signifying the results of its tests, and these codes are placed
into the corresponding elements of ther esul t | i st array. The

|EEE 488.2 standard specifies that aresult code of 0 indicates that the
device passed itstests, and any other value indicates that the tests resulted
inan error. Thevariable i bent contains the number of devices that failed
their tests. The parameter addr essl i st isan array of address integers of
any size, terminated by the value NOADDR.

Example:

Instruct two devices connected to board 0 whose GPIB addresses are 8
and 9 to perform their self-tests.

Addr 4882_t addresslist[3] = {8, 9, NOADDR};

short resultlist[2];
Test Sys (0, addresslist, resultlist);
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Trigger (3) Trigger (3)

Purpose:  Trigger asingle device.
Syntax: void Tri gger (intboard, Addr4882 t address)

boar d specifies aboard number. The GPIB Group Execute Trigger
message is sent to the device at the given address. The parameter

addr ess containsin itslow byte the primary GPIB address of the device
to be cleared. The high byte should be 0O if the device has no secondary
address. Otherwise, it should contain the desired secondary address. If the
address is NOADDR, the Group Execute Trigger message is sent with no
addressing, thereby triggering all previously addressed Listeners.

TheTri gger routineis used to trigger exactly one GPIB device. To send
a single message that triggers several particular GPIB devices, use the
Tri gger Li st function.

Example:

Trigger adigital voltmeter connected to board 0 whose primary GPIB
addressis 9 and whose secondary GPIB addressis 97.

Trigger (0, MakeAddr (9, 97));

/* In C, a macro has been defined in the header
file ugpib.h, MakeAddr(p,s), which can be

used to pack the primary and secondary
addresses into the correct form

* %k 3k
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TriggerList (3) TriggerList (3)

Purpose:  Trigger multiple devices.
Syntax: void Tr i gger Li st (int board, Addr4882_t addr essl i st [])

boar d specifies aboard number. The GPIB devices whose addresses are
contained in the address array are triggered simultaneously. The parameter
addr essl i st isanarray of addressintegers of any size, terminated by
the value NOADDR. If the array contains only the value NOADDR or NULL ,
the Group Execute Trigger message is sent without addressing, thereby
triggering all previousdly addressed Listeners.

Althoughthe Tri gger Li st routineis general enough to trigger any

number of GPIB devices, the Tr i gger function should be used in the
common case of triggering exactly one GPIB device.

Example:

Trigger simultaneously two devices connected to board 0 whose GPIB
addresses are 8 and 9.

Addr 4882_t addresslist[3] = {8, 9, NOADDR};
TriggerList (0, addresslist);
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WaitSRQ (3) WaitSRQ (3)

Purpose:  Wait until adevice asserts Service Request.
Syntax: void Wai t SRQ (int board, short*resul t)

boar d specifiesaboard number. Thisroutineis used to suspend execution
of the program until a GPIB device connected to the indicated board asserts
the Service Request (SRQ) line. If the SRQ occurs within the timeout
period, thevariable r esul t will be set tothevalue 1. If no SRQis
detected before the timeout period expires, r esul t will be set to 0.

Notice that this call issimilar in format to the Test SRQ routine, except
that Test SRQ returns immediately with SRQ status, whereas Wi t SRQ
suspends the program for, at most, the duration of the timeout period
waiting for an SRQ to occur.

Example:

Wait for a GPIB device to request service, and then determine which of
three devices at addresses 8, 9, and 10 requested the service.

Addr4882_t addresslist[4] = {8, 9, 10, NOADDR};
short resultlist[3];
short result;
Wai t SRQ (0, &result);
if (result == 1)
Fi ndRQS (0, addresslist, resultlist);
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C GPIB Programming Example

Y ou can take full advantage of the |EEE 488.2 1992 standard by using the
NI -488.2 routines. These routines are completely compatible with the
controller commands and protocols defined in | EEE 488.2.

The NI -488.2 routines are easy to learn and use. Only afew routines are
needed for most application programs.

This example illustrates the programming steps that could be used to
program arepresentative |EEE 488.2 instrument from your personal
computer using the NI -488.2 routines. The application iswrittenin C. The
target instrument is adigital voltmeter (DVM). Thisinstrument is
otherwise unspecified (that is, it isnot a DVM manufactured by any
particular manufacturer). The purpose here isto explain how to use the
driver to execute NI-488.2 programming and control sequences and not how
to determine those sequences.

1 Initialize the IEEE 488 bus and the interface board Controller circuitry
so that the |IEEE 488 interface for each device is quiescent, and so that
the interface board is Controller-In-Charge and isin the Active
Controller State (CACS).

2. Find all of the Listeners:

a Find al of the instruments attached to the |EEE 488 bus.

b. Create an array that contains all of the |EEE 488 primary addresses
that could possibly be connected to the | EEE 488 bus.

¢ Find out which, if any, device or devices are connected.
3. Send an identification query to each device for identification.
4. |Initialize the instrument as follows:

a Clear the multimeter.

b. Send the |EEE 488.2 Reset command to the meter.
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5. Instruct the meter to measure volts alternating current (VAC) using
auto-ranging (AUTO), to wait for atrigger from the Controller before
starting a measurement (TRIGGER 2), and to assert the |EEE 488
Service Reguest signal line, SRQ, when the measurement has been
completed and the meter is ready to send the result (* SRE 16).

6. For each measurement:
a Send the TRI GGER command to the multimeter. The command
"VAL1?" instructsthe meter to send the next triggered reading to
its |[EEE 488.2 output buffer.

b.  Wait until the DVM asserts Service Request (SRQ) to indicate that
the measurement is ready to be read.

¢ Read the status byte to determine if the measured datais valid or if
afault condition exists. You can find out by checking the message
available (MAV) bit, bit 4 in the status byte.

d. If thedataisvalid, read 10 bytes from the DVM.

7. Endthe session.
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C Example Program — NI-488.2 Routines

/*
* Link this programwth cib.o

*/
#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>
#i ncl ude "ugpi b. h"
/* Position of the Message Available bit. */

#define MAVDIt 0x10

char buffer[ 101];

i nt loop, m numlisteners, SRQasserted;

doubl e sum

Addr 4882_t instruments[32], result[31], fluke;

short st at usByt e;
voi d gpi berr(char *msg); /* gpib error function */
mai n() {

systen("clear");

/* Your GPIB board nmust be the Controller-In-Charge to perform
* the Find Al Listeners protocol.
*/
Sendl FC(0) ;
if (ibsta & ERR) {
gpi berr ("Sendl FC Error");
exit(1l);

/* Create an array with all of the valid GPIB prinary addresses.

* This array will be given to the Find Al Listeners protocol.
*/
for (loop = 0; loop <= 30; |oop++) {
instrunents[ | oop] = | oop;
}
i nstrunent s[ 31] = NOADDR; /* Mark the end of the array. *

/* Find all of the listeners on the bus.
*/
printf("Finding all listeners on the bus...\n");
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Fi ndLstn(0O, instruments, result, 31);
if (ibsta & ERR) {
gpi berr ("FindLstn Error");
exit(1);

num|isteners = ibcnt - 1;
printf("Nunber of instruments found = %\ n", numlisteners);

/* Now send the *I DN? command to each of the devices that you
* found.

* The GPIB board is at address 0 by default. Your GPIB board
* does not respond to *IDN?, so skip it.

for (loop = 1; loop <= numlisteners; |oop++) {
Send(0, result[loop], "*IDN?", 5L, NLend);
if (ibsta & ERR) {
gpi berr("Send Error");
exit(1);
}

Receive(0, result[loop], buffer, 10L, STOPend);
if (ibsta & ERR) {

gpi berr ("Receive Error");

exit(1);

buffer[ibcnt] = "\0";
printf("The instrument at address % is a %\n",
Get PAD(resul t[l oop]), buffer);

if (strncnp(buffer, "FLUKE, 45", 9) == 0) {
fluke = result[l oop];
printf("**** W found the Fluke ****\n");
break;
}
}

if (loop > numlisteners) {
printf("Did not find the Fluke!\n");
exit(1);

}

/* Reset the Fl uke.
*/
Devd ear (0, fluke);
if (ibsta & ERR) {
gpi berr ("Devd ear Error");
exit(1);

}
Send(0, fluke, "*RST", 4L, NLend);
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if (ibsta & ERR) {
gpi berr("Send *RST Error");
exit(1);

}

/* Set up for a test. Allowthe Fluke to assert SRQ when it
* has a nmessage to send.
*/
Send(0, fluke, "VAC, AUTO TRIGGER 2; *SRE 16", 29L, NLend);
if (ibsta & ERR) {
gpi berr("Send Setup Error");
exit(1);

sum = 0.0;
for (mF0; m< 10 ; m++) {

/* Trigger the Fluke.
*/
Send(0, fluke, "*TRG VAL1?", 11L, NLend);
if (ibsta & ERR) {
gpi berr("Send Trigger Error");
exit(1);
}

/* Wit for the Fluke to assert SRQ neaning it is

* ready with the neasurenent.

*/

Wai t SRQ(0, &SRQasserted);

if (!SRQasserted) {
printf("SRQ is not asserted. The Fluke is not ");
printf("ready.\n");
exit(1);

}

/* Read its status byte. Be sure that the MAV
* (Message Available) bit is set.
*/
ReadSt at usByt e(0, fluke, &statusByte);
if (ibsta & ERR) {
gpi berr (" ReadSt at usByte Error");
exit(1);

if (!(statusByte & MAVbhit)) {
gpi berr ("I nproper Status Byte");
printf(" Status Byte = Ox%\n", statusByte);
exit(1);
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/* Read the neasurenent.
*/
Recei ve(0, fluke, buffer, 10L, STOPend);

if (ibsta & ERR) {
gpi berr (" Receive Error");
exit(1);

buffer[ibcnt] = '\0";

printf("Reading : %\n",
sum = sum + atof (buffer);

buffer);

}
printf(" The average of the 10 readings is : ");
printf(" %\n", sunm 10);
/* Call the ibonl function to disable the hardware and
* software.
*/
i bonl (0,0);
}
voi d gpi berr(char *nsg) {
printf ("%\n", nsg);
printf ( "ibsta=&H¥% ", ibsta, "< ");
if (ibsta & ERR) printf (" ERR');
if (ibsta & TIM) printf (" TIMD);
if (ibsta & END ) printf (" END');
if (ibsta & SRQ) printf (" SRQ");
if (ibsta & RS ) printf (" RQ")
if (ibsta & CWPL) printf (" CWPL");
if (ibsta & LK) printf (" LOK")
if (ibsta & REM) printf (" REM);
if (ibsta & CIC) printf (" CC")
if (ibsta & ATN ) printf (" ATN');
if (ibsta & TACS) printf (" TACS');
if (ibsta & LACS) printf (" LACS");
if (ibsta & DTAS) printf (" DTAS");
if (ibsta & DCAS) printf (" DCAS');
printf (">\n");
printf ("iberr= %", iberr)
if (iberr == EDVR) printf (" EDVR < Error>\n");
if (iberr == ECIC) printf (" ECIC <Not CIC\n");
if (iberr == ENCQL) printf (" ENOL <No Listener>\n");
if (iberr == EADR) printf (" EADR <Address error>\n");
if (iberr == EARG printf (" EARG <lnvalid argunent>\n");

NI-488.2M Reference Manual

4-42

© National Instruments Corp.



Chapter 4

if (iberr ==
if (iberr ==
if (iberr ==
if (iberr ==
if (iberr ==
if (iberr ==
if (iberr ==
if (iberr ==
if (iberr ==

ESAC)
EABO)
ENEB)
ECAP)
EFSO
EBUS)
ESTB)
ESRQ
ETAB)
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pri
pri
pri
pri
pri
pri
pri
pri
pri

printf ("ibcnt= %\ n",
printf ("\n");

/* Call the ibonl

*  software.
*/

i bonl (0,0);
}

functi

ntf (" ESAC <Not Sys Ctrlr>\n");
ntf (" EABO <Op. aborted>\n");

ntf (" ENEB <No GPI B board>\n");
ntf (" ECAP <No capability>\n");
ntf (" EFSO <File sys. error>\n");
ntf (" EBUS <Command error>\n");
ntf (" ESTB <Status byte lost>\n");
ntf (" ESRQ <SRQ stuck on>\n");

ntf (" ETAB <Table Overflows\n");

i bent);

on to disable the hardware and

© National Instruments Corp.

4-43 NI-488.2M Reference Manual



Chapter 5
NI-488M Software Characteristics and
Functions

This chapter contains a discussion of the NI-488 functions. C language
programming examples are given.

General Programming Information

The following facilities or operations are common to all programming
languages:

e StatusWord (i bst a)

e Error Codes (i berr)

e Count Variable (i bcnt )

¢  Read and Write Termination

»  Device Functions

e Automatic Seria Polling

Y ou should understand these topi cs thoroughly to take full advantage of the
NI-488.2M driver's capabilities. Refer to Chapter 3, Understanding the

NI -488.2M Software, for information on the statusword (i bst a), the error
variable (i ber r ), and the count variable (i bcnt ). Thesevariables are

updated with each function call to reflect the status of the device or board
just accessed.

Device Functions

Device functions are those functions in which the unit descriptor identifies a
devicerather than an interface board (refer to Chapter 3, Understanding the
NI-488.2M Software, for a discussion of boards and devices). There are
some activities common to all device functions that you should understand
thoroughly.
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In asingle-board configuration, there is only one GPIB interface board in
use. When the first device function of a program is executed, the driver
initializes the |EEE 488 bus by sending the Interface Clear (IFC) single-line
interface message. The Remote Enable (REN) line on the IEEE 488 busis
also asserted, and the Local Lockout (LLO) multiline interface messageis
sent to all devices on the IEEE 488 bus to place them in alockout state.
Furthermore, the device may be addressed to listen and then unaddressed
before certain functions are executed. This step ensures that the deviceisin
remote program mode.

In amultiboard configuration, more than one GPIB board isin use. The
processis the same as in the preceding description, with the exception that
each |EEE 488 busisinitialized by its associated GPIB interface board
when the first device on that IEEE 488 bus is accessed by a device function.

The preceding descriptions assume that the GPIB board is the System
Controller of its IEEE 488 bus, which isthe usual configuration. Aslong as
the GPIB interface board is the System Controller, it can become the
Controller-In-Charge (CIC). If the GPIB board isnot CIC or isunableto
become CIC, it will not be able to execute device functions, and any call to
adevice function that uses the |EEE 488 bus will return an ECIC error.

The driver waits (using the current timeout value of the board) for control to
be passed to the GPIB interface board. If the board fails to become CIC
before the timeout period elapses, an ECIC error isreturned. This error
might occur, for example, if the GPIB interface board is assumed to be the
System Controller, but was not configured as such during software
installation.

Automatic Serial Polling

Automatic Serial Polling is afeature of the driver that isintended to relieve
you from the burden of sorting out occurrences of SRQ and status bytes of a
device. Automatic Serial Polling (or Autopolling) can be enabled by using
the configuration utility, i bconf . If Autopolling is enabled, the driver
automatically conducts seria polls when SRQ is asserted.
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As part of the Autopoll procedure, the driver stores each positive serial poll
response (that is, those responses that have the RQS or hex 40 bit set in the
device status byte) in a queue associated with each device. Queues are
necessary because some devices can send multiple positive status bytes
back-to-back. When a positive response from adevice is received, the RQS
bit of its statusword (i bst a) isset. The polling continues until SRQ is
unasserted or an error condition is detected.

If the driver cannot |ocate the device requesting service (no known device
responds positively to the poll) or if SRQ becomes stuck on (because of a
faulty instrument or cable), a GPIB system error exists that will interfere
with the proper evaluation of the RQS bit in the status words of devices.
The error ESRQ is reported to you if and when youissueani bwai t cal
with the RQS bit included in the wait mask. Should the error condition
correct itself, you will noticeit by calling i bwai t with the RQSbit setin
the mask, where the ESRQ error will not be reported. Aside from the
difficulty caused by ESRQ in waiting for RQS, the error will have no
detrimental effects on other GPIB operations.

If the serial poll function i br sp is called and one or more responses have
been received previoudly viathe automatic serial poll feature, the first
queued response isreturned by thei br sp function. Other responses are
read in first-in-first-out (FIFO) fashion. If the RQS bit of the statusword is
not set wheni br sp iscalled, the function conducts a seria poll and
returns whatever response is received.

If your application requires that requests for service be noticed, you should
examine the RQS hit in the statusword and call the i br sp function to
examine the status byte whenever it appears. It is possible for a serial poll
response queue of a device to get clogged with old status bytes when you
neglect to call i br sp to empty the queue. Error condition ESTB is
returned only by i br sp when it becomes necessary to report that status
bytes have been discarded dueto afull queue. If your application has no
interest in SRQ or status bytes, you can ignore the occurrence of the
automatic polls.

Note: If the RQS bit of the device statusword is still set after i br sp is
called, the response byte queue has at least one more response
byte remaining. i br sp should be called until RQSiscleared to
gather all stored response bytes and to guard against queue
overflow.
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Compatibility

Autopolling isincompatible with the signal interrupt feature. That is, either
the user or the driver can be in charge of handling SRQ, but not both. You
should disable Autopolling if you intend to make use of signal interrupt.
(Refer to Chapter 3, Understanding the NI-488.2M Software, for a
description of the NI-488.2M driver's signal interrupt feature.)

Detection of the SRQI bit in device statuswords (i bst a) is not possible if
Autopolling isenabled. Thisis because the goal of Autopolling isto make
SRQ on the |EEE 488 bus go away, thus preventing visibility of the SRQI
bit in status words for both board calls and device calls. If you chooseto
look for SRQI in your program, you must disable Autopolling.

Board functions are also incompatible with Autopolling (refer to Chapter 3
for adescription of board calls). 1f Autopolling were to occur after a board
call, it could, in some cases, undo the effect of the call. For example, if
SRQ were to become asserted immediately after an i bend call had been
made to address a device, Autopoll addressing of other devices for serial
polls would destroy your intentions of addressing the device with which
you must communicate. For this reason, the driver disables Autopolling
whenever aboard call is made, and turns it back on once the application
program makes a device call (actualy, Autopolling isturned on at the end
of the subsequent device call).

Internal Driver Operation

If Autopolling is enabled, whenever SRQ is asserted on the | EEE 488 bus,
al online devices (that is, al devices that have been opened using i bf i nd
or i bdev) connected to the GPIB interface board that detected the request
are serial polled by the driver until one of the following events occur:

¢ SRQ becomes unasserted.

« All online devices have been polled since the |ast positive response and
SRQ still remains asserted. Once this has occurred, a"stuck SRQ" state
isin effect inside the driver. If this stateis reached during ani bwai t
for RQS, the ESRQ error isreported for that i bwai t call and the "stuck
SRQ" stateisterminated. If the "stuck SRQ" state is reached at some
other time, further polls are not attempted until ani bwai t for RQSis
made, at which time the "stuck SRQ" state isterminated and a new set of
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seria pollsisattempted. In addition, the "stuck SRQ" state is
immediately terminated whenever SRQ is found to be unasserted.

C NI -4881/0 Callsand Functions
The most commonly needed 1/O callsarei brd and i bwt .

In practice, ud refersto the board or device to which the command is
directed. Refer to the IBFIND function description in this chapter and to
Chapter 3, Under standing the NI-488.2M Software, to determine the type of
unit descriptor to use.

The functions are listed a phabetically by function name in this chapter.
Tables 5-1 lists the functions and a description of C NI-488 functions,
respectively.

Table5-1. C NI-488 Functions

Call Syntax Description

i bask (ud, option, val ue) Return information about software
configuration parameters

i bbna (ud, bnare) Change access board of device

i bcac (ud,v) Become Active Controller

i bclr (ud) Clear specified device

i bend (ud, cnd, cnt) Send commands from string

i bconfig Change the software configuration

(ud, option, val ue) parameters

ud = ibdev (bd_index, Open and initialize an unused device

pad, sad, t no, eot, eos) when the device name is unknown

i bdma (ud, v) Enable/disable DMA

i beos (ud,v) Change/disable EOS mode (write)

i beot (ud,v) Enable/disable END message

ud = ibfind (udname) Open device and return unit
descriptor

(continued)
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Table 5-1. C NI-488 Functions (Continued)

Call Syntax Description
i bgts (ud,v) Go from Active Controller to
Standby
i bist (ud,v) Set/clear ind. status bit for Parallel

Polls

i blines (board,lines)

Get status of GPIB lines

i bl n (pad, sad, |isten)

Check for presence of device on bus.

i bloc (ud) Goto Local

i bonl (ud,v) Place device or board online/offline

i bpad (ud, v) Change Primary Address

i bpct (ud) Pass Control

i bppc (ud, v) Parallel Poll Configure

ibrd (ud,rd, cnt) Read data to string

i brdf (ud, flnane) Read datato file

i brpp (ud, &pr) Conduct a Parallel Poll

i brsc (ud,v) Request/release System Control

i brsp (ud, &spr) Return seria poll byte

i brsv (ud,v) Request service, set/change sevial
poll

i bsad (ud,v) Change/disable Secondary Address

i bsic (ud) Send Interface Clear for 100 s

ibsre (ud,v) Set/clear Remote Enable line

i btmo (ud,v) Change/disable time limit

ibtrg (ud) Trigger selected device

i bwait (ud, mask) Wait for selected event

ibwt (ud,wt,cnt)

Write data from string

i bwtf (ud,flnane)

Write data from file
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Writing an NI -488 Program

The following paragraphs demonstrate how to use the NI-488 functions.
An example program written in C is devel oped step-by-step. The example
program uses device functions because they are the simplest functions and
can be used for most applications. This program configures a digital
multimeter (meter), reads back 10 voltage measurements, and computes the
average of these measurements.

At the end of this example program, an equivalent example program that
uses board functionsis shown

Step 1 —Initializing the System

The first step in writing a C program is to load in the definitions of the
NI -488 functions from afile that is provided on your distribution medium.

#i ncl ude <stdio. h>
#i ncl ude "ugpi b. h"
mai n() {

int dnim x;
doubl e sum
char rd[13];

The input argumentsto thei bdev subroutine are the board index number
(0, for GPI BO), the primary GPIB address of the device (1), the secondary
GPIB address of the device (0, for none), the timeout for the driver to use
when communicating with the device (12, for 3 s), send END message with
last data byte when writing to device (1, for enable), and EOS detection
mode (0, for disable). When i bdev iscaled, the driver automatically
initializes the GPIB by sending an Interface Clear (IFC) message and places
the devicein its remote programming state.

Step 2 —Clearing the Device

It is considered good practice to clear the device before you begin to
configure the device for your application. Clearing the device resetsits
internal functions to a known state.

dmm = ibdev (0, 1, 0, 12, 1, 0);
ibclr (dm;
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Step 3— Configuring the Device

After thei bf i nd and i bcl r functions, the instrument is ready to receive
commands. To configure the multimeter, device-specific commands are
sent using thei bwrt function. Thefirst argument of the i bwr t function
isthe unit descriptor for the meter returned in the variable dmtbby the

i bfi nd function.

ibwt (dmm "FLROS2T4", 8):

Thei bwrt function sendsthe bytes F1IR0S2T4 to the meter. The bytes
sent to an instrument are different for most instruments. The command
bytes for your instrument can be found in its user manual. The bytesin this
example configure the voltage type (F1), voltage range (RO ), update speed
(R2), and the trigger mode (T4) of the meter.

Step 4 —Triggering the Device

Previoudly, the device was set to wait for atrigger before sending a
measurement reading. Y ou must first send atrigger command to the device
before reading the measurement value.

ibtrg (dmm;

Step 5— Taking M easurements

Once the meter is configured, it can take a measurement and display it on
itsfront panel. To read the measurement over the GPIB, thei br d function
isused. Again thefirst argument isthe unit descriptor for the meter. The
variable rd holds the measurement value upon completion of the function.
The meter sends 13 bytes of data across the GPIB.

ibrd (dnm rd, 13);

Thevariable rd holdsthe ASCII string representing the voltage
measurement taken by the meter.
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Step 6 — Analyzing and Presenting the Acquired Data

Once the data has been acquired from the GPIB, all of the analysis and
presentation functions of the programming language can be used to
manipulate the data. Instead of reading just one voltage measurement from
the meter, you could have read 10 values and calculated their average. The
following code would replace the code in the last two lines of Step 5.

for (sume0, x=0; x <= 10; x++) {
ibtrg (dmm;

ibrd (dnm rd, 13);

sum = sum + atof(rd);

}
printf ("The average voltage is %", suni10);

The Complete Application Program

The complete application program is as follows:

#i ncl ude <stdi o. h>
#i ncl ude "ugpi b. h"
mai n() {

int dnm x;
doubl e sum
char rd[13];

dmm = ibdev (0, 1, 0, 12, 1, 0);
ibclr (dmm;

i bwt (dnm "F1R0S2T4", 8);

for (sume0, x=0; x <= 10; x++) {
ibtrg (dm);

ibrd (dnm rd, 13);

sum = sum + atof(rd);

}
printf ("The average voltage is %", sunf10);
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NI -488 Function Descriptions

The remainder of this chapter contains a detailed description of each
NI -488 function with examplesin C. The descriptions are listed
aphabetically for easy reference.

To theright of each function, notice a number in parentheses. This number

isaUNIX convention. It identifiesthe type of function and also refersyou
to aparticular section in your UNIX Reference Pages.
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IBASK (3) IBASK (3)

Purpose:  Return information about software configuration parameters.
Syntax: inti bask (intud, intoption, int*val ue)

Note:  Thisfunction may not be availablein all versions of NI-488.2M
devicedrivers.

ud designates aboard or device unit descriptor. opti on selectsthe
configuration item for which you want to return the value. val ue isthe
current value of the selected configuration item.

i bask returnsthe current value of various configuration parameters for the
board or device. The current value of the selected configuration item is
returned in the integer pointed to by val ue. Tables5-2 and 5-3 list the
valid configuration parameter optionsfor i bask .
An EARG error resultsif opt i on isnot avalid configuration parameter.
An ECAP error resultsif opt i on does not work with the driver. If ud is
invalid or the NI1-488.2M driver is not installed, an EDVR error results.
Device Function Example:

Find out the current access bus of devicedevl.

int bus;
i bask (devl, |baBNA, &bus);

Board Function Example:

Find out the current primary address of board br dO.

int pad;
i bask (brd0O, |baPAD, &pad);
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IBASK (3)

(continued)

Chapter 5

IBASK (3)

Table 5-2 lists the options you can use with i bask when ud isaboard
descriptor or aboard index. Thefollowing isan alphabetical list of the
option constants included in Table 5-2.

Constants

L]

lbaAUTOPOLL
IbaBaseAddr
IbaCICPROT
IbaDMA
IbaDmaChannel
IbaEndBitlsNormal
|baEOSchar
IbaEOScmp
IbaEOSId
[baEOSWrt
IbaEOT

IbaHSCablel ength
IbalRQ

IbalrgLevel

Values

0x0007
0x0201
0x0008
0x0012
0x0202
Ox001A
Ox000F
0x000E
0x000C
0x000D
0x0004
Ox001F
0x0009
0x0203

NI-488.2M Reference Manual

5-12

Constants

IbaPAD
|baPP2

IbaPPC
IbaPPoll Time
IbaReadAdjust
IbaSAD

IbaSC
IbaSendLLO

| baSignal Number
IbaSRE
IbaTIMING
lbaTMO
IbaWriteAdjust

Values

0x0001
0x0010
0x0005
0x0019
0x0013
0x0002
Ox000A
0x0017
0x001C
0x000B
0x0011
0x0003
0x0014
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NI-488M Software Characteristics and Functions

(continued) IBASK (3)

Table 5-2. ibask Board Configuration Parameter Options

Options
(Congtants)

Options
(Values)

Returned I nformation

IbaPAD

0x0001

The current primary address of the
board. Seei bpad.

IbaSAD

0x0002

The current secondary address of the
board. Seei bsad.

IbaTMO

0x0003

The current 1/0O timeout of the board.
Seei bt no.

IbaEOT

0x0004

zero = The GPIB EOI lineis not
asserted at the end of awrite
operation.

non-zero = EOI is asserted at the
end of awrite operation.

Seei beot .

IbaPPC

0x0005

The current parallel poll configuration
information of the board. See

i bppc.

IbaAUTOPOLL

0x0007

zero = Automatic seria polling is
disabled.

non-zero = Automatic serial pollingis

enabled.

Refer to the Automatic Serial Polling

section of this chapter for more

information about automatic serial

polling.

I1baCICPROT

0x0008

zero = The CIC protocol is disabled.

non-zero = The CIC protocol is
enabled.

Ibal RQ

0x0009

zero = Interrupts are not enabled.
non-zero = Interrupts are enabled.

© National Instruments Corp.
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IBASK (3)

(continued) IBASK (3)

Table 5-2. ibask Board Configuration Parameter Options (Continued)

Options Options
(Constants) (Values) Returned I nformation
1basSC O0X000A | zero = The board is not the System
Controller.
non-zero = The board is the System
Controller.
Seei brsc.

IbaSRE 0x000B | zero = The board does not
automatically assert the GPIB
REN line when it becomes the
System Controller.

non-zero = The board automatically
asserts REN when it
becomes the System
Controller.

Seei brsc andi bsre.

1baEOSId 0x000C | zero = The EOS character isignored

during read operations.
non-zero = Read operation is
terminated by the EOS
character.
Seei beos.

IbaEOSwrt 0x000D | zero = The EOI lineis not asserted
when the EOS character is sent
during awrite operation.

non-zero = The EOI lineis asserted
when the EOS character is
sent during awrite
operation.

Seei beos.
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NI-488M Software Characteristics and Functions

(continued) IBASK (3)

Table 5-2. ibask Board Configuration Parameter Options (Continued)

Options
(Congtants)

Options
(Values)

Returned I nformation

IbaEOScmp

0x000E

zero = A 7-bit compare is used for all
EOS comparisons.

non-zero = An 8-bit compare is used
for al EOS comparisons.

Seei beos.

IbaEOSchar

0x000F

The current EOS character of the
board.

Seei beos.

1baPP2

0x0010

zero = The board isin PP1 mode
(remote parallel poll
configuration.)

non-zero = The board isin PP2 mode
(local parallel poll
configuration.)

IbaTIMING

0x0011

The current bus timing of the board.
1= Normal timing
(T1ldelay of 2 ps.)
2 = High speed timing
(T1 delay of 500 ns.)
3 =Very high speed timing
(T1delay of 350 ns.)

IbaDMA

0x0012

zero = The board does not use DMA
for GPIB transfers.

non-zero = The board uses DMA for
GPIB transfers.

Seei bdma.
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IBASK (3)

(continued) IBASK (3)

Table 5-2. ibask Board Configuration Parameter Options (Continued)

Options
(Constants)

Options
(Values)

Returned I nformation

IbaReadAdjust

0x0013

0 = Read operations do not have
pairs of bytes swapped.

1 = Read operations have each pair
of bytes swapped.

IbaWriteAdjust

0x0014

0 = Write operations do not have
pairs of bytes swapped.

1 = Write operations have each pair
of bytes swapped.

IbaSendLLO

0x0017

zero =The GPIB LLO command is
not sent when adeviceis put
online (i bfi nd ori bdev )

non-zero = The LLO command is
sent.

IbaPPol I Time

0x0019

0 = The board uses the standard
duration (2 ps) when conducting
aparalle poll.

1to 17 = The board uses avariable
length duration when
conducting aparallel poll.
The duration values
correspond to the i bt mo
timing values.

IbaEndBitlsNormal

0x001A

zero=The END hit of i bst a isset
only when EQI or EQOI plusthe
EQOS character isreceived. If
the EOS character is received
without EQI, the END bit is not
.

non-zero = The END bit is set
whenever EQI, EOS, or
EOQI plus EOSisreceived.
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NI-488M Software Characteristics and Functions

(continued) IBASK (3)

Table 5-2. ibask Board Configuration Parameter Options (Continued)

Options
(Congtants)

Options
(Values)

Returned I nformation

IbaSignal Number

0x001C

The UNIX signa number that the
driver sends to the user process when
the condition specified in i bsgnl
occurs.

IbaHSCablel ength

0x001F

0 = High-speed handshaking is
disabled.

1to 15 = The number of meters of
GPIB cablein your system.
The NI-488.2M software
uses thisinformation to
select the appropriate timing
in the high-speed
handshaking mode.

|baBaseAddr

0x0201

The base 1/0 address of the board.

IbaDmaChannel

0x0202

The DMA channel that the board is
configured to use.

IbalrgL evel

0x0203

Theinterrupt level that the board is
configured to use.
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IBASK (3) (continued) IBASK (3)

Table 5-3 lists the options you can use with i bask when ud isadevice
descriptor or adeviceindex. Thefollowing isan alphabetical list of the
option constantsincluded in Table 5-3.

Constants Values Constants Values
* |baBNA 0x0200 * |baReadAdjust 0x0013
* |baEndBitIsNormal  0x001A  |baREADDR 0x0006
* |baEOSchar 0x000F * |baSAD 0x0002
¢ |baEOScmp 0x000E « |baSPollTime 0x0018
* |baEOSrd 0x000C  |baTMO 0x0003
* |baEOSWIt 0x000D * |baUnAddr 0x001B
* |baEQOT 0x0004 * |baWriteAdjust 0x0014
* |baPAD 0x0001

Table 5-3. ibask Device Configuration Parameter Options

Options Options
(Constants) (Values) Returned | nformation

IbaPAD 0x0001 | The current primary address of the

device. Seei bpad.

1baSAD 0x0002 | The current secondary address of the

device. Seei bsad.

IbaTMO 0x0003 | The current 1/O timeout of the

device. Seei bt no.

IbaEOT 0x0004 | zero=The GPIB EOI lineis not
asserted at the end of awrite
operation.

non-zero = EOI is asserted at the end
of awrite operation.
Seei beot .

(continues)
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NI-488M

(con

Software Characteristics and Functions

tinued) IBASK (3)

Table 5-3. ibask Device Configuration Parameter Options (Continued)

Options Options
(Constants) (Values) Returned I nformation

IbaREADDR 0x0006 | zero = No unnecessary addressing is
performed between device-
level read and write operations.

non-zero = Addressing is always
performed before a device-
level read or write.

IbaEOSHd 0x000C | zero = The EOS character isignored
during read operations.

non-zero = Read operation is
terminated by the EOS
character.

Seei beos.

IbaEOSwrt 0x000D |zero=TheEOQI lineis not asserted
when the EOS character is sent
during awrite operation.

non-zero = The EOI lineis asserted
when the EOS character is
sent during awrite
operation.

Seei beos.

IbaEOScmp OxO00E |zero = A 7-bit compareis used for al

EOS comparisons.
non-zero = An 8-bit compare is used
for all EOS comparisons.
Seei beos.
IbaEOSchar 0x000F | The current EOS character of the
device.
Seei beos.
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IBASK (3)

(continued) IBASK (3)

Table 5-3. ibask Device Configuration Parameter Options (Continued)

Options Options
(Constants) (Values) Returned I nformation
IbaReadAdjust 0x0013 | 0= Read operations do not have pairs
of bytes swapped.
1 = Read operations have each pair of
bytes swapped.
IbawriteAdjust 0x0014 |0 = Write operations do not have
pairs of bytes swapped.
1 = Write operations have each pair
of bytes swapped.

IbaSPolI Time 0x0018 | Thelength of time the driver waits for
aserial poll response when polling the
device. Thelength of timeis
represented by the i bt mo timing
values.

IbaEndBitIsNormal | OxO01A | zero = The END hit of i bst a isset

only when EQI or EQI plusthe
EOS character isreceived. If
the EOS character is received
without EOI, the END bit is not
Set.
non-zero = The END bit is set
whenever EOI, EOS, or
EOQI plus EOSisreceived.
IbaUnAddr 0x001B | zero = The GPIB commands UNT
(Untalk) and UNL (Unlisten)
are not sent after each device-
level read and write operation.
non-zero = The UNT and UNL
commands are sent after
each device-level read
and write.
IbaBNA 0x0200 | Theindex of the GPIB access board

used by the given device descriptor.
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IBBNA (3) IBBNA (3)

Purpose:  Change access board of device.

Syntax: inti bbna (intud, char bnare [])

ud specifiesadevice. bname specifiesthe new access board to be used in
al device cadlsto that device. i bbna isneeded only to alter the board
assignment from its configuration setting.

The assigned board is used in all subsequent device functions used with that
deviceuntil i bbna iscalled again, i bonl ori bf i nd iscalled, or the
system is restarted.

Device Function Example:

Associate the device dvmwith the interface board " gpi b0" .

dvm = i bfind ("dev10");
i bbna (dvm "gpi b0");
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IBCAC (3) IBCAC (3)

Purpose:  Become Active Controller.
Syntax: inti bcac (intud, intv)

ud specifies an interface board. If v isnon-zero, the GPIB board takes
control synchronously with respect to data transfer operations; otherwise,
the GPIB board takes control immediately (asynchronously).

To take control synchronously, the GPIB board asserts the ATN signal
without corrupting data being transferred. If adata handshakeisin
progress, the take control action is postponed until the handshake is
complete; if ahandshake isnot in progress, the take control action is done
immediately. Synchronous take control is not guaranteed if an i br d or

i bwrt operation completed with atimeout or error.

Asynchronous take control should be used in situations where it appears to
be impossible to gain control synchronously (for example, after a timeout
error).

It is generally not necessary to usethe i bcac function in most
applications. Functions, such asi bend andi br pp, that require the GPIB
board to take control, do so automatically.

The ECIC error resultsif the GPIB board is not CIC.

Board Function Example:

1. Take control immediately without regard to transfersin progress.
i bcac (brd0, 0);

2. Take control synchronously and assert ATN following aread
operation.

int brdoO;

brdo = ibfind ("gpib0");
ibrd (brdo, rd, 512);

i bcac (brdo,1);
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IBCLR (3) IBCLR (3)

Purpose:  Clear specified device.
Syntax: intibclr (intud)
ud specifiesadevice.

Thei bcl r function clearsthe internal or device functions of a specified
device.

i bel r callsthe board functioni bend to send the following commands
using the designated access board:

e Talk address of access board

e Unlisten (UNL)

e Listen address of the device

e Secondary address of the device, if applicable
e Selected Device Clear (SDC)

Other command bytes may be sent as necessary.

Refer to IBCMD for additional information. Refer also to the discussion of
device functionsin Chapter 3, Understanding the NI-488.2M Software.

Device Function Example:

Clear thedevicevmt r .
int vntr;

vntr = ibfind ("dev3"); [/* open instrunment */
ibclr (vmtr); [/* clear it */
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IBCMD (3) IBCMD (3)

Purpose:  Send GPIB command messages.
Syntax: inti bcnd (intud, charcnd[], longcnt)

ud specifiesan interface board. crmd contains the commands to be sent
over the GPIB.

Thei bend function is used to transmit interface messages (commands)
over the GPIB. These commands are listed in Appendix A. Thei bcnd
function is also used to pass GPIB control to another device. Thisfunction
isnot used to transmit programming instructions to devices. These
instructions are transmitted with thei br d and i bwr t functions.

Thei bcnd operation terminates on any of the following events:
e All commands are successfully transferred.

e Anerror is detected.

e Thetimelimit is exceeded.

e A Take Control (TCT) command is sent.

e AnlInterface Clear (IFC) messageisreceived from the System
Controller.

The transfer count may be less than the requested count on any of the
previous terminating events but the first.

The requested transfer count, cnt , can be any value that fitsinto along
integer, although command transfers are typically very small. To more
easily accommodate a small count from an application program, the C
language interface allows an integer value to be passed to the function in
place of along value without any problem.

An ECIC error resultsif the GPIB board isnot CIC. If itisnot Active

Controller, the GPIB board takes control and asserts ATN prior to sending
the command bytes. The GPIB board remains Active Controller afterward.
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IBCMD (3) (continued) IBCMD (3)

In the examples that follow, GPIB commands and addresses are coded as
printable ASCII characters. If values correspond to printable ASCII
characters, it is simplest to use the ASCII characters to specify the values.
Refer to Appendix A for the ASCII characters corresponding to a numeric
value.

Board Function Examples:

1 Unaddressall Listeners (UNL or ASCII ?) and address a Talker at hex
46 (ASCII F) and a Listener at hex 31 (ASCII 1).

i bcnd (brdo, "?F1", 3); /* UNL TAD LAD */

2. Same as Example 1, except the Listener has a secondary address of hex
6E (ASCII n).

i bcnd (brdo, " ?F1n", 4); /* UNL TAD LAD SAD */
3. Clear all GPIB deviceswith the Device Clear (DCL or hex 14)

command.

ibcmd (brdo, "\x14", 1); /* DCL *

4. Clear two devices with listen addresses of hex 21 (ASCII !) and hex 28
(ASCII ( [left parenthesis]) with the Selected Device Clear (SDC or
hex 04) command.

i bcmd (brdo, "?! (\x04", 4); /* UNL LAD LAD SDC x|

5. Trigger any devices previoudly addressed to listen with the Group
Execute Trigger (GET or hex 08) command.

ibcmd (brdo, "\x08", 1); /* GET */

6. Serial poll adevice at talk address hex 52 (ASCII R) using the Serial
Poll Enable (SPE or hex 18) and Serial Poll Disable (SPD or hex 19)
commands (the GPIB listen address is hex 20 or ASCII <space>).

i bcnd (brdo, "R \x18", 4); [/* TAD MLA SPE */
ibrd (brd0, rd, 1); /* read one byte */
i bcd (brdo, "\x19_", 2); /* SPD UNT */
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IBCONFIG (3) IBCONFIG (3)

Purpose:  Change the software configuration parameters.
Syntax: inti bconfig (intud, intoption, intval ue)
ud designates aboard or device unit descriptor. opti on selectsthe software
configuration item. val ue isthe current value to which the selected
configuration item is to be changed.
i bconfi g atersthe current value of the configuration item to the value
for the selected board or device. opt i on may be any of the defined
constantsin Table 5-4 and val ue must be valid for the parameter that you
are configuring. The previous setting of the configured item isreturned in
i berr .
An EARG error resultsif opt i on orval ue isnot valid. An ECAP error
resultsif the driver is not able to make the requested change. If ud is
invalid or the NI-488.2M driver isnot installed, an EDVR error results.
Device Function Example:

Enable unaddressing of device dev1 at the end of 1/O operation.

i bconfig (devl, |bcUnAddr, 1);

Board Function Examples:

Enable automatic seria polling of board br dO.

i bconfig (brd0O, |bcAUTOPOLL, 1);
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(continued)

IBCONFIG (3)

Table 5-4 lists the options you can use with i bconf i g when ud isaboard
descriptor or aboard index. Thefollowing isan alphabetical list of the
option constants included in Table 5-4.

Constants

L]

IbcAUTOPOLL
IbcCICPROT
IbcDMA
IbcEndBitlsNormal
IbcEOSchar
IbcEOScmp
IbcEOSId
IbcEOSwrt
IbcEOT
IbcHSCablel ength
IbclRQ

IbcPAD

Values

0x0007
0x0008
0x0012
0x001A
0x000F
Ox000E
0x000C
0x000D
0x0004
0x001F
0x0009
0x0001
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Constants

IbcPP2

IbcPPC

IbcPPoll Time
IbcReadAdjust
IbcSAD

IbcSC
IbcSendLLO
IbcSignalNumber
IbcSRE
IbcTIMING
IbcTMO
IbcWriteAdjust

Values

0x0010
0x0005
0x0019
0x0013
0x0002
0x000A
0x0017
0x001C
0x000B
0x0011
0x0003
0x0014
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IBCONFIG (3)

(continued) IBCONFIG (3)

Table 5-4. ibconfig Board Configuration Parameter Options

Options
(Constants)

Options
(Values)

Legal Values

IbcPAD

0x0001

Changes the primary address of the
board. Identical toi bpad.

(Default determined by ibconf)

IbcSAD

0x0002

Changes the secondary address of the
board. Identical toi bsad.

(Default determined by ibconf)

IbcTMO

0x0003

Changes the I/O timeout limit of the
board. Identical toi bt no.

(Default determined by ibconf)

IbcEOT

0x0004

Changes the data termination mode
for write operations. Identical to
i beot .

(Default determined by ibconf)

IbcPPC

0x0005

Configures the board for parallel
polls. Identical to board-level

i bppc.
(Default: zero)

IbcAUTOPOLL

0x0007

zero = Disable automatic serial
polling.
non-zero = Enable automatic serial
polling.
(Default determined by ibconf)
Refer to the Automatic Serial Polling

section of this chapter for more
information about automatic serial

polling.
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IBCONFIG (3) (continued) IBCONFIG (3)

Table 5-4. ibconfig Board Configuration Parameter Options (Continued)

Options Options
(Congtants) (Values) Legal Values
1bcCICPROT 0x0008 | zero = Disable the CIC protocol.
non-zero = Enable the CIC protocoal.
(Default: zero)
IbclRQ 0x0009 | zero = Do not use interrupts.

non-zero = Use interrupts.
(Default: non-zero)

1bcSC Ox000A | Request or release system control.
Identical to i br sc.

(Default determined by ibconf)

IbcSRE 0x000B | Assert the Remote Enable (REN)
line. ldentical toi bsre.
(Default: zero)
IbcEOSd 0x000C | zero = Ignore EOS character during
read operations.

non-zero = Terminate read operation
when the character read
matches the EOS
character.

(Default determined by ibconf)

IbcEOSwrt 0x000D | zero = Do not assert EOI with the
EOS character during writes
operations.

non-zero = Assert EOI with the

EOS character during
writes.

(Default determined by ibconf)

(continues)
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IBCONFIG (3) (continued) IBCONFIG (3)

Table 5-4. ibconfig Board Configuration Parameter Options (Continued)

Options Options
(Congtants) (Values) Legal Values

IbcEOScmp Ox000E | zero = Use 7 hitsfor the EOS
character comparison.

non-zero = Use 8 bits for the EOS
character comparison.

(Default determined by ibconf)

IbcEOSchar Ox000F | Any 8-bit value. This byte becomes
the new EOS character.

(Default determined by ibconf)

IbcPP2 0x0010 | zero = PP1 mode (remote parallel
poll configuration.)

non-zero = PP2 mode (local parallel
poll configuration.)

(Default: zero)

IbcTIMING 0x0011 |1=Normal timing
(Tldelay of 2 us)

2 = High-speed timing
(T1 delay of 500 ns.)

3 =Very high-speed timing
(T1 delay of 350 ns.)

(Default determined by ibconf)

The T1 delay isthe GPIB Source
Handshake timing.

IbcDMA 0x0012 |ldentica to i bdma.
(Default determined by ibconf)

IbcReadAdjust 0x0013 | 0= No byte swapping.
1 = Swap pairs of bytes during aread.
(Default: zero)

(continues)
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IBCONFIG (3) (continued) IBCONFIG (3)

Table 5-4. ibconfig Board Configuration Parameter Options (Continued)

Options Options
(Constants) (Values) Legal Values

IbcWriteAdjust 0x0014 |0 = No byte swapping.

1 = Swap pairs of bytes during a
write.

(Default: zero)

IbcSendLLO 0x0017 | zero= Do not send LLO when putting
adeviceonline (i bfi nd or
i bdev )

non-zero = Send LL O when putting
adevice online
(i bfind or i bdev )

(Default: zero)

IbcPPoll Time 0x0019 | 0= Usethe standard duration (2 pus)
when conducting aparalle poll.

1to 17 = Use avariable length
duration when conducting
aparalle poll. The duration
represented by 1to 17
correspondsto the i bt no
values.

(Default: zero)

IbcEndBitIsNormal | Ox001A | zero = Do not set the END bit of

i bst a when an EOS match
occurs during aread
operation.

non-zero = Set the END bit of i bst a
when an EOS match
occurs during aread
operation.

(Default: non-zero)

(continues)
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IBCONFIG (3)

(cont

inued) IBCONFIG (3)

Table 5-4. ibconfig Board Configuration Parameter Options (Continued)

Options Options
(Constants) (Values) Legal Values

IbcSignal Number 0x001C | The UNIX signal number that the
driver sends to the user process when
the condition designated in i bsgnl
ocCurs.
(Default; 2)

IbcHSCablelLength | 0x001F | O = High-speed handshaking is

disabled.

1to 15 = The number of meters of
GPIB cable in your system.
The NI-488.2M software
uses thisinformation to
select the appropriate timing
in the high-speed
handshaking mode.

(Default: 15)
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(continued) IBCONFIG (3)

Table 5-5 lists the options you can use with i bconf i g when ud isa
device descriptor or adevice index. The following is an alphabetical list of
the option constants included in Table 5-5.

Constants

* IbcEndBitIsNormal
* IbcEOSchar

« IbcEOScmp

¢ |IbcEOSrd

¢ IbcEOSwrt

* |bcEOT
 |bcPAD

Values

Ox001A
OxO00F
0x000E
0x000C
0x000D
0x0004
0x0001

Constants Values
* |IbcREADDR 0x0006
* |bcReadAdjust 0x0013
* |bcSAD 0x0002
* |bcSPollTime 0x0018
e |IbcTMO 0x0003
* IbcWriteAdjust 0x0014
 |bcUnAddr 0x001B

Table 5-5. ibconfig Device Configuration Parameter Options

Options Options
(Constants) (Values) Legal Values

IbcPAD 0x0001 | Changesthe primary address of the
device. Identical toi bpad.
(Default determined by ibconf)

IbcSAD 0x0002 | Changes the secondary address of the
device. Identical toi bsad.
(Default determined by ibconf)

IbcTMO 0x0003 | Changesthe device I/O timeout limit.
Identical to i bt no.
(Default determined by ibconf)

IbcEOT 0x0004 | Changes the data termination method
for writes. Identical to i beot .
(Default determined by ibconf)
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Table 5-5. ibconfig Device Configuration Parameter Options (Continued)

Options
(Congtants)

Options
(Values)

Legal Values

IbcREADDR

0x0006

zero = NO unnecessary readdressing is
performed between device-
level reads and writes.

non-zero = Addressing is always
performed before a device-
level read or write.

(Default determined by ibconf)

IbcEOSrd

0x000C

non-zero = Terminate reads when the
EOS character isread.

(Default determined by ibconf)

IbcEOSwrt

0x000D

zero = Do not send EOI with the EOS
character during write
operations.

non-zero = Send EOI with the EOS
character during writes.

(Default determined by ibconf)

IbcEOScmp

0x000E

zero = Use 7 bits for the EOS
character comparison.

non-zero = Use 8 bits for the EOS
character comparison.

(Default determined by ibconf)

IbcEOSchar

0x000F

Any 8-bit value. This byte becomes
the new EOS character.

(Default determined by ibconf)

IbcReadAdjust

0x0013

0 = No byte swapping.
1 = Swap pairs of bytes during aread.
(Default: zero)
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Table 5-5. ibconfig Device Configuration Parameter Options (Continued)

Options Options
(Congtants) (Values) Legal Values

IbcWriteAdjust 0x0014 |0 = No byte swapping.

1 = Swap pairs of bytes during a
write.
(Default: zero)

IbcSPollTime 0x0018 [ O0to 17 = Setsthelength of time the
driver waits for a serial poll
response byte when polling
the given device. The
length of time represented
by 0 to 17 corresponds to
the i bt no values.

(Default: 11)
IbcEndBitIsNormal | OxO01A | zero = Do not set the END bit of
i bst a when an EOS match
occurs during aread.
non-zero = Set the END bit of i bst a
when an EOS match
occurs during a read.
(Default: non-zero)
IbcUnAddr 0x001B | zero = Do not send Untalk (UNT) and

Unlisten (UNL) at the end of
device-level reads and writes.

non-zero = Send UNT and UNL at
the end of device-level
reads and writes.

(Default: zero)
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Purpose:  Open and initialize an unused device when the device nameis
unknown.

Syntax: ud = intibdev (int boardi ndex, intpad, intsad,
intt no, inteot, inteos)

boar di ndex isanindex from 0 to [(number of boards) - 1] of the access
board that the device descriptor must be associated with. The arguments
pad, sad,tno, eot ,and eos dynamically set the software configuration
for the NI1-488 I/O functions. These arguments configure the primary
address, secondary address, /0 timeout, asserting EOI on last byte of data
sourced, and the End-Of-String mode and byte, respectively. (Refer to

| BPAD, | BSAD, | BTMD, | BEOT, and | BECS, for more information on
each argument.) The device descriptor isreturned in the variable ud .

Thei bdev command selects an unopened device, opensit, and initializes
it. You can usethisfunctionin placeof i bf i nd.

i bdev returns adevice descriptor of the first unopened user-configurable
devicethat it finds. For thisreason, it isvery important to usei bdev only
after all of your i bf i nd calls have been made. Thisisthe only way to
ensurethat i bdev does not use adevice that you plan to use viaan

i bfi nd call. Thei bdev function performsthe equivalent of the i bonl
function to open the device.

Note:  Thedevice descriptor of the NI-488.2M driver can remain open
acrossinvocations of an application, so be sureto return the
device descriptor to the pool of available devices by calling
i bonl with v=0when you arefinished using the device. If you
do not, that device will not be available for the next i bdev call.

If the i bdev call fails, a negative number is returned in place of the device
descriptor. There are two distinct errors that can occur with the i bdev
cal:

e If nodeviceisavailable or the specified board index refersto anon-
existent board, it returns the EDVR or ENEB error.

e If oneof the last five parametersis an illegal value, it returnswith a
good board descriptor and the EARG error.
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Device Function Example:

i bdev opensan available device and assignsiit to accessgpi b0
(boar d = 0) with aprimary address of 6 (pad = 6), a secondary
address of 0x67 (sad = 0x67), atimeout of 10 ms(t no =7), the END
message enabled (eot = 1) and the EOS mode disabled

(eos =0).

if ((ud = ibdev(0,6,0x67,7,1,0)) < 0) {

/* Handle GPIB error here */

if (iberr == EDVR) {
/* bad boardi ndex or no devices
* avail abl e.
*/

}

else if (iberr == EARG {
/* The call succeeded, but at |east one
* of pad, sad,tno, eos,eot is incorrect.
*/
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Purpose:  Enable or disable DMA.

Syntax: inti bdma (intud, intv)

ud specifies an interface board. If v isnon-zero, DMA transfers between
the GPIB board and memory are used for read and write operations. If v is
zero, programmed /O is used.

Some GPIB boards support more than one type of DMA transfer. For these
boards, v selectsthe DMA type. Consult the Getting Started manual that
you received for more information.

The assignment made by this function remainsin effect until i bdma is
called again, the i bonl ori bf i nd function iscaled, or the systemis
restarted.

Wheni bdna is called and an error does not occur, the previous value of v
isstoredini berr .

Board Function Examples:
1. Enable DMA transfers using the previously configured channel.

i bdma(brd0, 1); /* Any non-zerovalue will do. */

2. Disable DMA and use programmed 1/O exclusively.

i bdma (brd0, 0);
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Purpose:  Change or disable End-Of-String termination mode.

Syntax: inti beos (intud, intv)

ud specifiesadevice or an interface board. v specifies the EOS character
and the data transfer termination method according to Table 5-6. i beos is
needed only to alter the value from its configuration setting.

The assignment made by this function remainsin effect until i beos is
called again, the i bonl ori bfi nd functioniscaled, or the systemis
restarted.

Wheni beos iscalled and an error does not occur, the previous value of v
isstoredini berr .

Table 5-6. Data Transfer Termination Method

Valueof v
Method High Byte  Low Byte

A. Terminate read when EOSis 00000100 EOS

detected.
B. Set EOI with EOS on write function. 00001000 ECS
C. Compareall 8 hits of EOS byte rather

than low 7 bits (all read and write

functions). 00010000 EOS

Methods A and C determine how read operations terminate. If Method A
aone is chosen, reads terminate when the low seven bits of the byte that is
read match the low seven bits of the EOS character. If Methods A and C
are chosen, afull 8-bit comparison is used.

Methods B and C together determine when write operations send the END
message. If Method B alone is chosen, the END message is sent
automatically with the EOS byte when the low seven bits of that byte match
the low seven hits of the EOS character. I1f Methods B and C are chosen, a
full 8-bit comparison is used.
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Note:  Defining an EOS byte for a device or board does not cause the
driver to automatically send that byte when performing writes.
Your application program must include the EOS byte in the data
string it defines.

Device IBEOS Function

If ud specifiesadevice, the optionscoded inv are used for all device reads
and writesin which that device is specified.

Board IBEOS Function

If ud specifies aboard, the options coded in v become associated with all
board reads and writes.

Refer also to IBEOT.
Device Function Example:

Send END when the linefeed character is written to the device dvm.
v =XECS | '"\n'; /* EOS information for ibeos. */

i beos (dvm v);
ibwt (dvm "123\n", 4);

Board Function Examples:

1. Program theinterface board br dO to terminate aread on detection of
the linefeed character (hex OA) that is received within 200 bytes.

char rd[200];
v =RECS | '\n';

i beos (brdo, v);
ibrd (brd0, rd, 200);
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2. Toprogram the interface board br dO to terminate read operations on
the 8-bit value hex 82 rather than the 7-bit character hex OA, change
lines 10 and 100 in Example 1.

v = BIN| REOS | 0x82;
i beos (brd0, v);

3. Todisable read termination on receiving the EOS character, change
line 100 in Example 1.

v="\n";

i beos (brdo, v):

4. Send END when the linefeed character iswritten.
v = XECS| '\n';

i beos (brdo, v);
ibwt (brd0, "123\n", 4);

5. Tosend END with linefeeds and to terminate reads on linefeeds,
change line 100 in Example 4.

v = RECS | XEOS | OxO0A;
i beos (brdo, v);
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Purpose:  Enable/disable END message on write operations.
Syntax: inti beot (intud, intv)

ud specifiesadevice or an interface board. If v isnon-zero, the END
message is sent automatically with the last byte of each write operation. |If
v iszero, END isnot automatically sent. i beot isneeded only to alter the
value from the configuration setting. (In the default configuration, this
featureis enabled).

The END message is the assertion of the GPIB EOI signal. If the automatic
END termination message is enabled, it is not necessary to use the EOS
character to identify the last byte of adatastring. i beot isused primarily
to send variable length data.

The sending of END with the EOS character is determined by the i beos
function and is not affected by thei beot function.

The assignment made by this function remainsin effect until i beot is
called again, the i bonl ori bf i nd function iscaled, or the systemis
restarted.

Wheni beot iscalled and an error does not occur, i ber r isreturned with
aoneif automatic END message was previoudy enabled, or with azero if it
was previoudly disabled.

Device IBEOT Function

If ud specifies adevice, the END termination message method that is
selected is used on all device I/0O write operations to that device.

Board IBEOT Function

If ud specifies an interface board, the END termination message method
that is selected is used on al board 1/0 write operations, regardless of what
deviceiswritten to.

Refer also to IBEOS
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Device Function Example:

Send the END message with the last byte of all subsequent writes to the
devicepl otter.

plotter = ibfind ("dev5")

i beot (plotter, 1);
ibwt (plotter, wt, cnt);

Board Function Examples:
1 Stop sending END with the last byte.
i beot (brd0, 0);

2. Send the END message with the last byte of all write operations.

i beot (brdo, 1);
ibwt (brd0, wt, cnt);
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Purpose:  Open device and return the unit descriptor associated with the
given name.

Syntax: intibfind (char udnare [])

udnan® isastring containing a default or configured device or board
name. ud isavariable containing the unit descriptor returned by i bf i nd.

i bf i nd returns a number that is used in each function to identify the
particular device or board that is used for that function. Callingi bfi nd is
required to associate a variable name in the application program with a
particular device or board name. The name used in the udnane argument
must match the default or configured device or board name. The number
referred to throughout this manual as a unit descriptor isreturned herein the
variable ud.

Note:  For board calls, the unit descriptor may be substituted with an
integer board index of zero (0) or one (1). Thisfeature allows
any of the NI -488 board functionsto be used compatibly with the
NI-488.2 procedures described in Chapter 4, NI -488.2M Software
Characteristics and Routines.

i bf i nd performsthe equivaent of i bonl to open the specified device or
board and to initialize software parameters to their default configuration
settings. Use avariable name close to the actual name of the device or
board to simplify programming effort.

The unit descriptor isvalid until i bonl isused to place that device or
interface board offline.

If thei bf i nd cal fails, a negative number is returned in place of the unit
descriptor. The most probable reason for afailure isthat the string
argument passed into i bf i nd does not exactly match the default or
configured device or board name.
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Device Function Example:

Assign the unit descriptor of the device named dev 4 (Device number
4) todvm.

if ((dvm=ibfind ("dev4")) & ERR) error ();
Board Function Examples:

Assign the unit descriptor of the board " gpi b0" to brdO.

int brdoO;

brd0 = ibfind ("gpi b0");
if (brd0 & ERR) error ();
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Purpose:  Go from Active Controller to Standby.
Syntax: intibgts (intud, intv)

ud specifies an interface board. If v isnon-zero, the GPIB board shadow
handshakes the data transfer as an Acceptor, and when the END messageis
detected, the GPIB board enters a Not Ready For Data (NRFD) handshake
holdoff state on the GPIB. If v is zero, no shadow handshake or holdoff is
done.

Thei bgt s function makes the GPIB board go to the Controller Standby
state and to unassert the ATN signal if it initialy isthe Active Controller.
i bgt s permitsthe GPIB controller board to go to standby and therefore
alow transfers between GPIB devices to occur without its intervention.

If the shadow handshake option is activated, the GPIB board participatesin
data handshake as an Acceptor without actually reading the data. It
monitors the transfers for the END message and holds off subsequent
transfers. Through this mechanism, the GPIB board can take control
synchronously on a subsequent operation such asi bcnd ori brpp.

Before performing ani bgt s with shadow handshake, the i beos function
should be called to establish the proper EOS character or to disable EOS
detection.

The ECIC error resultsif the GPIB board is not CIC.

Refer also to IBCAC.

In the examples that follow, GPIB commands and addresses are coded as
printable ASCI| characters.

Board Function Examples:
Turnthe ATN line off after unaddressing all Listeners (UNL or
ASCII ?), addressing a Talker at hex 46 (ASCII F) and addressing a
Listener at hex 31 (ASCII 1) so that the Talker can send data messages.
i bcnd (brdo, "?F1", 3);
i bgts (brdo,1);
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Purpose:  Set or clear individual status bit for Parallel Polls.
Syntax: intibist (intud, intv)

ud specifies an interface board. If v isnon-zero, the individual status bit is
set. If v iszero, the bit is cleared.

Thei bi st function is used when the GPIB board participatesin a parallel
poll that is conducted by another device that is the Active Controller. The
Active Controller conducts a parallel poll by asserting the EOI signal to
send the Identify (IDY) message. While this message is active, each device
which has been configured to participate in the poll responds by asserting a
predetermined GPIB data line either true or false, depending on the value of
itslocal ist bit. The GPIB board, for example, can be assigned to drive the
DIO3 datalinetrueif ist=1 and falseif ist=0; conversely, it can be assigned
to drive DIO3 true if ist=0 and falseif ist=1.

The relationship between the value of ist, the line that is driven, and the
sense at which the lineis driven is determined by the Parallel Poll Enable
(PPE) message in effect for each device. The GPIB board is capable of
receiving this message either locally, viathe i bppc function, or remotely,
viaa command from the Active Controller. Once the PPE message is
executed, thei bi st function changes the sense at which the lineisdriven
during the parallel poll, and in this fashion the GPIB board can convey a
one-bit, device-dependent message to the Controller.

Wheni bi st iscalled and an error does not occur, the previous value of ist
isstored ini berr .

Refer also to IBPPC.

Board Function Example:

1 Settheindividua status bit.
i bist (brdo,1);

2. Clear theindividua status bit.

i bist (brdo,0);
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Purpose:  Return the status of the GPIB control lines.
Syntax: intiblines (intud, int*clines)

ud isaboard descriptor. A valid mask is returned along with the GPIB
control line state informationin cl i nes. The low-order byte (bits 0
through 7) of cl i nes contains amask indicating the capability of the
GPIB interface board to sense the status of each GPIB control line. The
upper byte (bits 8 through 15) contains the GPIB control line state
information. The pattern of each byteis asfollows:

7 6 5 4 3 2 1 0

EQI ATN | SRQ | REN IFC |NRFD |NDAC | DAV

To determineif a GPIB control lineis asserted, first check the appropriate
bit in the lower byte to determine if the line can be monitored. If the bit can
be monitored (indicated by a 1 in the appropriate bit position), then check
the corresponding bit in the upper byte. If the bit is set (1), the
corresponding control line is asserted. If the bit is clear (0), the control line
iS unasserted.

Fori bl i nes to return valid data, a well-behaved |EEE 488 bus must

exist. A well-behaved |EEE 488 bus is a busin which all attached devices
are following the | EEE 488 specification.
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Device/Board Function Example:

Test for Remote Enable (REN):

main () {

int clines;

if ((gpib0 =ibfind ("gpib0")) < 0) error();

if ((ibsta = iblines (gpib0, &clines)) < 0) error();

if (!(clines & 0x10)) {
printf("GPIB board can't nonitor REN ");
exit();

}

if (clines & 0x1000 {

printf("REN is asserted.");
exit();

printf("REN is not asserted.");
}
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Purpose:  Placedevicein Local Lockout state
Syntax: intibllo (intud)
ud isafile descriptor returned froman i bf i nd call.

Thei bl | o function sends the message LL O, which places adevicein the
Local Lockout state. This usually inhibits recognition of front panel input.

All devices are unaddressed. i bl | o sends the following commands and
information.

e Listen address of the device

e Secondary address of the device, if applicable
e Local Lockout (LLO)

e Unligten

Refer also to IBCMD.

Device Function Example:

Place device vt r in Loca Lockout state.

ibllo(vntr);
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Purpose:  Check for the presence of a device on the bus.
Syntax: intibln (intud, intpad, intsad, short*1i sten)

ud isaboard or device descriptor. pad (legal values are 0 to 30) specifies
the primary GPIB address of the device. sad (legal values are hex 60 to
7e,or NO_SAD, or ALL_SAD) specifies the secondary GPIB address of the
device.

Thefunction i bl n returns anon-zero valueinthevariablel i st en if a
Listener is at the specified GPIB address.

Notice that the sad parameter can be avalue in hex 60 to 7e or one of the
congtants NO_SAD or ALL_SAD. You can test for a Listener using only
GPIB primary addressing by making sad=NO_SAD, or you can test all
secondary addresses associated with a single primary address (atotal of 31
device addresses) when you set sad=ALL_SAD. Inthiscase, i bl n sends
the primary address and all secondary addresses before waiting for NDAC
to settle. If thelisten flag is true, you must search only the 31 secondary
addresses associated with asingle primary address to locate the Listener.

The two special constants that can be used in place of a secondary address
are asfollows:

NO_SAD=0
ALL_SAD=-1

If ud specifiesadevice, i bl n testsfor aListener on the board associated
with the given device.

Refer also to IBDEV and IBFIND.
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Device/Board Function Example:

Test for aGPIB Listener at pad 2 and sad 0x60:

ibsta = ibln (ud, 2, 0x60, & isten);
if ('listen) {
/* No Listener found at this address */

}
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Purposes  Gotolocal.

Syntax: inti bl oc (intud)

ud specifies adevice or an interface board.

Unless the Remote Enable line has been unasserted with the i bsr e
function, all device functions automatically place the specified device in
remote program mode. i bl oc is used to move devices temporarily from a
remote program mode to alocal mode until the next device function is
executed on that device.

Device |IBLOC Function

i bl oc placesthe deviceindicated in local mode by calling i bcnd to send
the following command sequence:

1 Talk address of the access board

2. Secondary address of the access board, if necessary

3. Unlisten (UNL)

4. Listen address of the device

5. Secondary address of the device, if necessary

6. GoToloca (GTL)

Other command bytes may be sent as necessary.

Board IBLOC Function

If ud specifies an interface board, the board is placed in alocal state by
sending the local Return To Local (RTL) message, if it isnot locked in
remote mode. The LOK hit of the status word indicates whether the board

isinalockout state. The i bl oc function isused to ssimulate a front panel
RTL switch if the computer is used as an instrument.
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Device Function Example:
Return the device dvmto local state.
i bloc (dvm;

Board Function Examples:

Return the interface board br dO to local state.

i bl oc (brd0);
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Purpose:  Placethe device or interface board online or offline.

Syntax: intibonl (intud, intv)

ud specifiesadevice or an interface board. If v isnon-zero, the device or
interface board is enabled for operation (online). If v iszero, itisreset
(offline).

After adevice or an interface board is taken offline, the handle (ud) isno
longer valid. Before accessing the board or device again, you must
re-executeani bf i nd ori bdev call to open the board or device.

Calling i bonl with v non-zero restores the default configuration settings
of adevice or interface board.

Device Function Example:

1. Disablethedevicepl otter.
i bonl (plotter,0);

2. Enablethedevice pl ot t er after taking it offline temporarily.
plotter = ibfind ("plotter™);

3. Restore default configuration settings of the device pl ot t er .

i bonl (plotter,1);
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Board Function Examples:
1. Disabletheinterface board br dO.
i bonl (brdo, 0);
2. Enabletheinterface board br dO.
brd0 = ibfind ("gpi b0");
3. Restore default configuration settings of the interface board br dO.

i bonl (brdo, 1);
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Purpose:  Change Primary Address.
Syntax: inti bpad (intud, intv)

ud specifiesadevice or an interface board. v specifies the primary GPIB
address. i bpad is needed only to alter the configuration setting.

There are 31 valid GPIB addresses, ranging from O to hex 1E; that is, the
lower five bits of v are significant and they must not all be ones. An EARG
error resultsif the value of v isnot in thisrange.

The assignment made by this function remainsin effect until i bpad is
caled again, the i bonl ori bfi nd functioniscalled, or the systemiis
restarted.

Wheni bpad is called and an error does not occur, the previous primary
addressisstoredin i berr .

Device IBPAD Function

If ud specifiesadevice, i bpad determinesthe talk and listen addresses
based onthe value of v. A devicelisten addressisformed by adding

hex 20 to the primary address; the talk address is formed by adding hex 40
to the primary address. A primary address of hex 10 correspondsto alisten
address of hex 30 and atalk address of hex 50. The actual GPIB address of
any deviceis set within that device, either with hardware switches or a
software program. Refer to the device documentation for instructions.

Board IBPAD Function

If ud specifiesaboard, i bpad programs the board to respond to the
addressindicated by v .

Refer also to IBSAD and IBONL.
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Device Function Example:

Change the primary GPIB address of pl ot t er to hex A.

i bpad (plotter, OxA);
Board Function Examples:

Change the primary GPIB address of the board br dO to hex 7.

i bpad (brdo0, 0x7);
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Purpose:  Pass Control.

Syntax: intibpct (intud)

ud specifiesadevice.

Thei bpct function passes CIC authority to the specified device from the
access board assigned to that device. The board automatically goesto
Contraller Idle State (CIDS). The function assumes that the device has
Controller capability.

i bpct calstheboardi bend function to send the following commands:
e Unlisten

»  Listen address of the access board

*  Tak address of the device

e Secondary address of the device, if applicable

e Take Control (TCT)

Other command bytes may be sent as necessary.

Refer to IBCMD for additional information.

Device Function Example:

Pass control to the device i bnxt .

i bpct (ibnxt);
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Purpose:  Paralel Poll Configure.
Syntax: inti bppc (intud, intv)

ud specifiesadevice or an interface board. v must be either avalid parallel
poll enable/disable command or zero.

i bppc returnsthe previousvalue of v in i ber r if an error does not occur.
Device |BPPC Function

If ud specifiesadevice, the i bppc function enables or disables the device
from responding to parallel polls.

i bppc callstheboardi bend function to send the following commands:

e Talk address of the access board

e Unligten

e Listen address of the device

e Secondary address of the device, if applicable

e Parald Poll Configure (PPC)

e Parald Poll Enable (PPE) or Disable (PPD)

Other command bytes are sent if necessary.

Each of the 16 PPE messages specifies the GPIB dataline (DI1O1 through
DI08) and sense (one or zero) that the device must use when responding to
aparallel poll. The assigned message is interpreted by the device along
with the current value of the individual status (ist) bit to determineif the
selected lineis driven true or false. For example, if the PPE=hex 64, DIO5
isdriven trueif ist=0 and falseif ist=1, and if PPE=hex 68, DIO1 isdriven
trueif ist=1 and falseif ist=0. Any PPD message or zero value cancels the

PPE message in effect. Y ou must know which PPE and PPD messages are
sent and determine what the responses indicate.
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Board IBPPC Function

If ud specifies an interface board, the board responds to a parallel poll by
setting its Local Poll Enable (LPE) messageto v.

Refer also to IBCMD and IBIS

Device Function Example:

1. Configure dvmto respond with data line DIOS5 true (ist=0).
i bppc (dvm 0x64);

2. Configure dvmto respond with dataline DIO1 true (ist=1).
i bppc (dvm 0x68);

3. Cancdl the parallel poll configuration of dvm.
i bppc (dvm 0x70);

Board Function Examples:

Configure board br dO to respond with data line DIO5 true (ist=0).

i bppc (brd0, 0x64);
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Purposes  Read datafrom adeviceto astring.

Syntax: inti brd (intud, charrd[], unsignedlong cnt)
ud specifiesaboard or adevice. rd isthe storage buffer for data.
i brd terminates when one of the following events occurs:

e Theallocated buffer becomesfull.

* Anerror is detected.

Thetime limit is exceeded.

¢ An END message is detected.
e AnEOS character is detected (if this option is enabled).

Transfer count may be less than expected if any of these terminating events,
except for the first event, occurs.

Wheni br d completes, i bst a holds the latest device status, i bcnt isthe
number of bytesread, and, if the ERR bitin i bst a isset, i berr isthe
first error detected.

Device IBRD Function

If ud specifies adevice, the device is addressed to talk and the access board
is addressed to listen. Then the datais read from the device.

Board IBRD Function

If ud specifies an interface board, the i br d function reads from a GPIB
devicethat is assumed to already be properly addressed by the CIC. In
addition to the termination conditions previously listed, aboard i br d
function also terminates if a Device Clear (DCL) or Selected Device Clear
(SDC) command is received from the CIC.
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If the access board is Active Controller, the board is placed in Standby
Controller state with ATN off even after the operation completes. If the
access board is not Active Controller, i brd commencesimmediately.

If theboard is CIC, the i bend function must be used prior toi brd to
address a device to talk and the board to listen.

An EADR error resultsif the board is CIC but has not been addressed to
listen withthei bcnd function. An EABO error resultsif, for any reason,
i brd does not complete within the time limit.

Device Function Example:

Read 100 bytes of datafrom a device.

int dvm
char rd [100];

dvm = i bdev(0, 10, 0, 15, 1, 0);
ibrd (dvm rd, 100);

Board Function Examples:

1. Read 100 bytes of datafrom a device at talk address hex 4C (ASCII L)
(the listen address of the board is hex 20 or ASCII <space>).

int brdo;

char rd [100];

brd0 = ibfind ("gpi b0"); /* open board */
i bcnd (brdo, "?L ", 3); /* UNL TAD MLA */

ibrd (brd0, rd, 100);

2. Toterminate the read on an EOS character, see the IBEOS Board
Function Example.
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Purpose:  Read datafrom GPIB into file.

Syntax: inti brdf (intud, char flnane][])

ud specifiesadeviceor an interface board. f | nanme isthe filename under
which the datais stored. f | name specifies a null-terminated UNIX
pathname.

i br df automatically opensthefile. If thefile doesnot exist, i br df
createsit. Onexit, i br df closesthefile.

An EFSO error resultsif it is not possible to open, create, seek, write, or
close the specified file.

Thei br df function terminates on any of the following events:
* Anerror is detected.

e Thetimelimit is exceeded.

¢ An END message is detected.

e AnEOS character is detected (if this option is enabled).

e A Device Clear (DCL) or Selected Device Clear (SDC) command is
received from another device which isthe CIC.

After termination, i bent isthe number of bytesread.

When thedevice i br df function returns, i bst a holdsthe latest device
status, i bent isthe number of bytesread, and if the ERR bitini bst a is
set, i berr isthefirst error detected.

Device IBRDF Function

If ud specifies adevice, the same board functions as the device i brd

function are performed automatically. The i br df function terminates on
similar conditionsasi brd.
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Board IBRDF Function

If ud specifies an interface board, the board i br d function reads from a
GPIB device that is assumed to be already properly addressed.

An EADR eror resultsif the board is CIC but has not been addressed to
listen with thei bcmd function. An EABO error resultsif, for any reason,
the read operation does not complete within the time limit. An EABO error
aso resultsif the device that isto talk is not addressed and/or the operation
does not complete within the time limit for whatever reason.

Device Function Example:

Read datafrom the devicer dr into thefile r dgs.

i brdf (rdr, "rdgs");
Board Function Examples:
Read data from adevice at talk address & H4C (ASCII L) to thefiler dgs
on the current disk drive and then unaddress everyone (the GPIB board
listen addressis hex 20 or ASCII <space>).

i bcrd (brdo, "?L ", 3);
i brdf (brdO, "rdgs");
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Purpose:  Conduct a Parallel Pall.
Syntax: inti brpp (intud, char*ppr)

ud specifiesadevice or an interface board. ppr storesthe parallel poll
response.

Device | BRPP Function

If ud specifiesadevice, all deviceson its GPIB are polled in parallel using
the access board of that device. Thisisdone by executing the boardi br pp
function with the appropriate access board specified.

Board | BRPP Function

If ud specifiesaboard, the i br pp function causes the identified board to
conduct aparalld poll of previously configured devices by sending the IDY
message (ATN and EQI both asserted) and reading the response from the
GPIB datalines.

An ECIC error resultsif the GPIB board is not CIC. If the GPIB board is
Standby Controller, it takes control and asserts ATN (becomes Active) prior
to polling. It remains Active Controller afterward.

In the examples that follow, some of the GPIB commands and addresses are
coded as printable ASCII characters. The simplest means of specifying
valuesisto use printable ASCII charactersto represent values. When
possible, ASCII characters should be used. Thisis the simplest means of
specifying the values. Refer to Appendix A for conversions of humeric
valuesto ASCII characters.
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IBRPP (3)

(continued)

IBRPP (3)

Some commands relevant to parallel polls are shownin Table 5-7.

Table 5-7. Paralel Poll Commands

Command Hex Value Meaning
PPC 05 Parallel Poll Configure
PPU 15 Parallel Poll Unconfigure
PPE 60 Parallel Poll Enable
PPD 70 Parallel Poll Disable

Parallel poll constants are defined in the appropriate declaration file.

Device Function Example:

Remotely configure the device | cr nt r to respond positively on DIO3

if itsindividua statusbit is 1, and then parallel poll al configured

devices.

i bppc (lcrntr, Ox6A);

ibrpp (lcrmtr, &ppr
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Board Function Examples:

L

Remotely configure the board br dO at listen address hex 23 (ASCI| #)
to respond positively on DIO3 if itsindividual status bit is 1, and then
parallel poll al configured devices.

cmd[ 0] = UNL;
cmd[ 1] = 0x40
cmd[ 2] = 0x23
cmd[ 3] = PPC,
cnd[4] = PPE| S| 2;
cnd[ 5] = UNL;

i bcnd (brdo, cnd, 6);
i brpp (brd0, &ppr);

Disable and unconfigure all GPIB devices from parallel polling using
the PPU (hex 15) command.

i bcmd (gpi b0, "\x15", 1);
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Purpose:  Request or release system control.
Syntax: intibrsc (intud, intv)

ud specifies an interface board. If v isnon-zero, functions requiring
System Controller capability are subsequently allowed. If v iszero,
functions requiring System Controller capability are not allowed.

Thei br sc function is used to enable or disable the capability of the GPIB
board to send the Interface Clear (IFC) and Remote Enable (REN)
messages to GPIB devicesusing thei bsi ¢ and i bsr e functions,
respectively. Theinterface board must not be System Controller to respond
to IFC sent by another Controller.

In most applications, the GPIB board will always be the System Controller,
but in some applications, the GPIB board will never be the System
Controller. In either case, the i br sc function isused only if the computer
is not going to be System Controller for the duration of the program
execution. While the |EEE 488 standard does not specifically allow
schemes in which System Control can be passed dynamically from one
device to another, the i br sc function can be used in such a scheme.

Wheni br sc iscalled and an error does not occur, i berr issettooneif
the interface board was previously System Controller and zero if it was not.

Board Function Examples:

Request to be System Controller if the interface board br dO isnot
currently so designated.

ibrsc (brdo, 1);
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Purpose:  Return seria poll byte.

Syntax: intibrsp (intud, char*spr)

ud specifiesadevice. spr storesthe serial poll response.

Thei br sp function is used to serial poll one device and obtain its status
byte or to obtain a previously stored status byte. If bit 6 (the hex 40 bit) of
the response is set, the device is requesting service.

When the automatic serial polling feature is enabled, the specified device
may have been polled previoudly. If it has been polled and a positive
response was obtained, the RQS bit of i bst a isset on that device. Inthis
case, i br sp returnsthe previously acquired status byte. 1f the RQS bit of
i bst a isnot set during an automatic poll, it seria polls the device.

When apoll is actually conducted, the specific sequence of eventsisas
follows:

1. Unlisten (UNL)

2. Controllers Listen Address

3. Secondary address of the access board, if applicable
4. Seria Poll Enable (SPE)

5. Tak address of the device

6. Secondary address of the device, if applicable

7. Read serial poll response byte from device

8. Serial Poll Disable (SPD)

9. Other command bytes may be sent as necessary

NI-488.2M Reference Manual 5-70 © National Instruments Corp.



Chapter 5 NI-488M Software Characteristics and Functions

IBRSP (3) (continued) IBRSP (3)

The response byte spr , except the RQS bit, is device specific. For
example, the polled device might set a particular bit in the response byte to
indicate that it has data to transfer and another bit to indicate a need for
reprogramming. Consult the device documentation for interpretation of the
response byte.

Refer to IBCMD and IBRD for additional information.
Device Function Example:

Obtain the serial poll response (spr ) byte from the device t ape.

i brsp (tape, &spr);
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Purpose:  Request service and/or set or change the serial poll status byte.
Syntax: inti brsv (intud, intv)

ud specifies an interface board. v isthe status byte that the GPIB board
provides when serial polled by another device that isthe GPIB CIC. If bit 6
(the hex 40 hit) is set, the GPIB board additionally requests service from the
Controller by asserting the GPIB SRQ line.

Thei br sv function is used to request service from the Controller using the
Service Reguest (SRQ) signal and to provide a system-dependent status
byte when the Controller seria pollsthe GPIB board.

Wheni br sv iscalled and an error does not occur, the previous value of v
isstoredini berr .

Board Function Examples:

1 Settheseria poll status byte to hex 41, which simultaneously requests
service from an external CIC.

stb = 1,
ibrsv (brd0, stb | 0x41);

2. Change the status byte without requesting service.

i brsv (brd0, 0x23);
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Purpose:  Change or disable Secondary Address.
Syntax: inti bsad (intud, intv)

ud specifiesadevice or an interface board. If v isanumber between

hex 60 and hex 7E, that number becomes the secondary GPIB address
device or interface board. If v ishex 7F or zero, secondary addressing is
disabled. i bsad isneeded only to alter the secondary address value from
its configuration setting.

The assignment made by this function remainsin effect until i bsad is
caled again, the i bonl ori bf i nd functioniscalled, or the systemis
restarted.

Wheni bsad iscalled and an error does not occur, the previous secondary
addressisstoredin i berr .

Device IBSAD Function

If ud specifies adevice, the function enables or disables extended GPIB
addressing for the device. When secondary addressing is enabled, the
specified secondary GPIB address of that deviceis sent automatically in
subsequent device I/O functions.

Board IBSAD Function

If ud specifies an interface board, the i bsad function enables or disables
extended GPIB addressing and, when enabled, assigns the secondary
address of the GPIB board.

Refer also to IBPAD and IBONL.

Device Function Example:

1. Changethe secondary GPIB address of pl ot t er fromits current
value to hex 6A.

i bsad (dvm O0x6A);

© National Instruments Corp. 573 NI-488.2M Reference Manual



NI-488M Software Characteristics and Functions Chapter 5

IBSAD (3) (continued) IBSAD (3)

2. Disable secondary addressing for the device dvm.
i bsad (dvm 0); /* 0 or Ox7F can be used. */
Board Function Examples:

1. Change the secondary GPIB address of the interface board br dO from
its current value to hex 6A.

i bsad (brd0, Ox6A);

2. Disable secondary addressing for the interface board br dO.

i bsad (brd0,0); /*0 or Ox7F can be used. */
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Purpose:  Register signa interrupting.
Syntax: voidi bsgnl (int ud, int mask)

ud isaboard descriptor returned fromani bf i nd call. nask isabit mask
with the same bit assignments as the status word, i bst a.

A mask bit is set to request a signal when the corresponding event occurs.
A mask of zero disables signals. Table 5-8 displays the recognized bits.

Table 5-8. Signal Mask Layout

Bit Hex
Mnemonic | Position | Value Description

SRQI 12 1000 | SRQon

LOK 7 80 GPIB board isin Lockout State

REM 6 40 GPIB board isin Remote State

CIC 5 20 GPIB board is Controller-In-
Charge

TACS 3 8 GPIB board is Taker

LACS 2 4 GPIB board is Listener

DTAS 1 2 GPIB board isin Device Trigger
State

DCAS 0 1 GPIB board isin Device Clear
State

i bsgnl issimilar tothe i bwai t function except that it returns
immediately, freeing the application program to perform other tasks.
Except for SRQI, DTAS, and DCAS, asignal will be sent on any transition
into or out of the specified state (for example, from TACSto non-TACS).

The default signal is SIGINT.
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Y ou must arrange for the signal to be caught or your program will terminate
when the signal is sent.

Ani bsgnl call remainsin effect until an i bonl cal,ani bsgnl of 0, or
the program terminates.

Example:

Establish sr gser vi ce() asthefunctionto call for SRQ servicing.

int dvm

void far srgservice() {

int spr;

ibrsp (dvm &spr);

signal (SIGA NT, srgservice);

/* analyze the response here */

}

main () {

int gpib0 = ibfind ("gpib0");

/* disable autopolling */

i bconfig (gpi b0, |bcAUTOPOLL, O0);
i bsgnl (gpi b0, SRQ);

signal (SIGA NT, srgservice);

}
Seealso SGNAL and IBWAIT.
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Purpose:  Send interface clear for 100 ps.
Syntax: intibsic (intud, intv)

ud specifiesan interface board. v specifieshow IFCissent. i bsi ¢ must
be used at the beginning of a program if board functions are used.

If v equals 1, thei bsi ¢ function assertsthe IFC signal for at least 100 pus
if the GPIB board is System Controller. Thisaction initializes the GPIB,
makes the interface board CIC and Active Controller with ATN asserted,
and is generally used when a bus fault condition is suspected.

Some non-standard devices may require a pulse of IFC longer than 100 ps.
If you have one of these devices, use avalue of v equal to 2 to leave IFC
asserted and avalue of v equal to 0 to unassert IFC. Any valuefor v other
than 0 or 2 will pulse IFC.

Note:  The v parameter isnot supported in newer versions of the
NI-488.2M driver. To determineif your version supportsthe v
parameter, refer to the C languageinterfaceci b. ¢ or tothe
function prototypes contained in theincludefileugpi b. h.

The IFC signal resets only the GPIB interface functions of bus devices and
not the internal device functions. Device functions are reset with the

Device Clear (DCL) and Selected Device Clear (SDC) commands. To
determine the effect of these messages, consult the device documentation.

The ESAC error occurs if the GPIB board does not have System Controller
capability.

Refer also to IBRSC.
Board Function Example:

At the beginning of a program, initialize the GPIB and become CIC
and Active Controller.

ibsic (brdo, 1);
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Purpose:  Set or clear the Remote Enable line.
Syntax: intibsre (intud, intv)

ud specifies an interface board. If v isnon-zero, the Remote Enable (REN)
signd isasserted. If v iszero, the signd is unasserted.

Thei bsr e function turns the REN signal on and off. REN isused by
devicesto select between local and remote modes of operation. A device
does not actually enter remote mode until it receivesits listen address.
The ESAC error occursif the GPIB board is not System Controller.

Wheni bsr e iscalled and an error does not occur, the previous REN state
isstoredini berr .

Refer also to IBRSC.
Board Function Examples:

1. Placethe device at listen address hex 23 (ASCII #) in remote mode.

i bsre (brdo,1);
i bcnd (brdo, "#",1);

2. Toexcludethe ability of the device to return to local mode, send the
Local Lockout (LLO or hex 11) command or include it in the command
string at 120 in Example 1.

i bend (brdo, "\ x11", 1) ;
or

i bcmd (brdoO, "#\x11", 2);

3. Return all devicesto local mode.

i bsre (brd0, 0);

NI-488.2M Reference Manual 5-78 © National Instruments Corp.



Chapter 5 NI-488M Software Characteristics and Functions

IBTMO (3) IBTMO (3)

Purpose:  Change or disable time limit.
Syntax: inti btno (intud, intv)

ud specifiesadevice or an interface board. v specifiesthe timelimit as
follows:

Table 5-9. Timeout Code Values

Valueof v Minimum Timeout
0 disabled
1 10 pus
2 30 s
3 100 s
4 300 us
5 1ms
6 3ms
7 10 ms
8 30 ms
9 100 ms

10 300 ms
11 1s

12 3s

13 10s

14 30s

15 100s
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Note If v iszero, nolimitisin effect.
i bt mo isneeded only to alter the value from its configuration setting.

The assignment made by this function remainsin effect until i bt no is
caled again, the i bonl ori bfi nd functioniscalled, or the systemis
restarted.

Thei bt no function changes the length of time that many functions wait
for an 1/O operation to finish. These functions include most functions that
access the GPIB bus. Some of these functions are as follows:

e jibcmd
e ibrd
e ibwt

Thei bt no function also changes the length of time that device functions
wait for commands to be accepted. If a device does not accept commands
within the time limit, the EBUS error will be returned.

Wheni bt no iscalled and an error does not occur, the previous timeout
codevalueisstoredin i berr .

Device IBTMO Function

If ud specifies adevice, the new time limit is used in subsequent device
functions directed to that device.

Board IBTMO Function

If ud specifies aboard, the new time limit is used in subsequent board
functions directed to that board.

Refer also to IBWAIT and Table 2-1.
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Device Function Example:

Change the time limit for callsinvolving the device t ape to
approximately 300 ms.

tape = ibfind ("dev9");
i btno (tape, 10);

Board Function Examples:

Change the time limit to 10 ms for board functions using br dO.

i btno (brdo, 7);
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Purpose:  Trigger selected device.

Syntax: intibtrg (intud)

ud specifiesadevice.

i bt r g addresses and triggers the specified device.

i bt r g sendsthe following commands:

L]

Talk address of access board

Secondary address of access board, if applicable
Unlisten

Listen address of the device

Secondary address of the device, if applicable

Group Execute Trigger (GET)

Other command bytes may be sent as necessary.

Refer to IBCMD for additional information.

Device Function Example:

Trigger the device anal yz.

ibtrg (analyz);
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Purpose:  Wait for selected event.
Syntax: inti bwait (intud, intmask)

ud specifiesadevice or an interface board. mask isabit mask with the
same bit assignments as the statusword, i bsta. i bwai t isusedto
monitor the events selected by the bitsin mask and to delay processing
until any of them occur. These events and bit assignments are shown in
Table 5-10.

The declaration file for C defines the mnemonic for each bit in the status
bytesi bst a andi berr . For example, the following two calls are
equivalent:

. if (ibsta & tacs) printf ("talk address");

. if (ibsta 0x8) printf ("talk address");

Table 5-10. Wait Mask Layout

Bit Hex

Mnemonic| Position | Value Description

ERR 15 8000 [ GPIB error

TIMO 14 4000 | Timelimit exceeded

END 13 2000 | GPIB board detected END or EOS

SRQI 12 1000 | SRQon

RQS 11 800 Device requesting service

LOK 7 80 GPIB board isin lockout state

REM 6 40 GPIB board isin remote state

CIC 5 20 GPIB board is Controller-In-
Charge

ATN 4 10 Attention is asserted

(continues)
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Table 5-10. Wait Mask Layout (Continued)

Bit Hex
Mnemonic| Position | Value Description
TACS 3 8 GPIB board is Talker
LACS 2 4 GPIB board is Listener
DTAS 1 2 GPIB board isin device trigger
State
DCAS 0 1 GPIB board isin device clear state

i bwai t asoupdatesi bst a. If nask =0 or nask =hex 8000 (the ERR
bit), the function returns immediately.

If the TIMO bit is zero or the time limit is set to zero with the i bt o
function, timeouts are disabled. Disabling timeouts should be done only
when setting mask =0 or when it is certain the selected event will occur;
otherwise, the processor may wait indefinitely for the event to occur.

Device IBWAIT Function

If ud specifies adevice, only the ERR, TIMO, END, RQS, and CMPL bits
of the wait mask and status word are applicable. If automatic polling is
enabled, thenonani bwai t for RQS, each timethe GPIB SRQ lineis
asserted, the access board of the specified device serial pollsall devices on
its GPIB and saves the responses, until the status byte returned by the
device being waited for indicates that it was the device requesting service
(bit hex 40 is set in the status byte). If the TIMO bitisset, i bwai t returns
if the event does not occur within the timeout period of the device.

Board IBWAIT Function

If ud specifies aboard, al bits of the wait mask and status word are
applicable except RQS.
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IBWAIT (3) (continued) IBWAIT (3)

Device Function Example:

Wait indefinitely for the device | ogger to request service.

mask = RGS; [ * mask = 0x800; */
i bwai t (1 ogger, nask);

Board Function Examples:

1. Wait for aservice request or atimeout.

mask = SRQ | TIMg /* mask = 0x5000; */
i bwai t (brd0O, mask);

2. Update the current statusfor i bst a.
i bwai t (ud,0);
3. Wait indefinitely until control is passed from another CIC.

mask = CI C /* Cl C = 0x20; */
i bwait (ud, nask);

4. Wait indefinitely until addressed to talk or listen by another CIC.

mask = TACS | LACS; /* TACS | LACS = 0x0C */
i bwait (ud, mask);
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IBWRT (3) IBWRT (3)

Purpose:  Write datafrom string.
Syntax: inti bwt (intud, charwt [], unsignedlongcnt)

ud specifiesadeviceor an interface board. wrt the buffer of datato be
sent over the GPIB.

Thei bwt terminateson any of the following events:
e All bytesare transferred.

e Anerror is detected.

e Thetimelimit is exceeded.

e A DeviceClear (DCL) or Selected Device Clear (SDC) command is
received from another device which isthe CIC.

After termination, i bent isthe representation of the number of bytes read.
A short count can occur on any of the above terminating events but the first.

Whenthedevice i bw t function returns, i bst a holds the latest device
status, i bent isthe number of data byteswritten, and, if the ERR bit in
i bsta isset, i berr isthefirst error detected.

Device IBWRT Function

If ud specifies adevice, the device is addressed to listen and the access
board is addressed to talk.

Then the datais written to the device.
Board IBWRT Function

If ud specifies an interface board, the i bwr t function attempts to write to
aGPIB device that is assumed to be already addressed by the CIC.
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IBWRT (3) (continued) IBWRT (3)

If the access board isCIC, i bcnd must be called priorto i bwrt to
address the device to listen and the board to talk.

If the access board is Active Controller, the board isfirst placed in Standby
Controller state with ATN off even after the write operation completes. If
the access board is not the Active Controller, i bwrt commences
immediately.

An EADR error resultsif the board is CIC but has not been addressed to
tak with i bcrd. An EABO error resultsif, for any reason, i bwr t does
not complete within the time limit. An ENOL error occurs if there are no
Listeners on the bus when the data bytes are sent.

Note: If you want to send an EOS character at the end of your data
string, you must place it there explicitly. See Device Example 2.

Device Function Example:
1. Writeten instruction bytesto the device dvm
ibwt (dvm "F3RLX5P2Q0", 10);

2. Writefive instruction bytes by a carriage return and alinefeed to the
device ptr . Linefeed isthe EOS character of the device.

ibwt (ptr, "IP2X5\r\n", 7);
Board Function Examples:

Write ten instruction bytes to a device at listen address hex 2F (ASCII /)
(GPIB board talk addressis hex 40 (ASCIl @).

i bemd (brdo, "?@", 3);
ibwrt (brdo,"F3RIX5P2Q0", 10) ;
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IBWRTE (3) IBWRTE (3)

Purpose:  Write datafrom file.

Syntax: inti bwtf (intud, char flnanel(])

ud specifiesadeviceor an interface board. f | name isthe filename from
which the dataiswritten. f | name isthe null-terminated UNIX pathname
of the file to be sent over the GPIB.

i bwr t f automatically opensthefile. Onexit,i bwr t f closesthefile.

An EFSO error resultsif it is not possible to open, seek, read, or close the
specified file.

Thei bwrt f function operation terminates on any of the following events:
e All bytessent.

e Anerror is detected.

e Thetimelimit is exceeded.

e A DeviceClear (DCL) or Selected Device Clear (SDC) command is
received from another device that isthe CIC.

After termination, i bcnt isthe number of bytes written.

Device IBWRTF Function

If ud specifies adevice, the same board functions as the device i bwr t
function are performed automatically. It terminates on similar conditions as
i bwt .

Whenthei bwr t f function returns, i bst a holds the latest device status,

i bent isthe number of byteswritten, and, if the ERR bitini bst a isset,
i berr isthefirst error detected.
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IBWRTE (3) (continued) IBWRTF (3)

Board IBWRTF Function

If ud specifies an interface board, the board i bwr t function writesto a
GPIB device that is assumed to be already properly addressed.

An EADR eror resultsif the board is CIC but has not been addressed to
talk with thei bend function. An EABO error resultsif, for any reason,
the read operation does not complete within the time limit. An ENOL error
occursif there are no Listeners on the bus when the data bytes are sent.

Device Function Example:
Write datato the devicer dr fromthefile r dr dat a.
ibwtf (rdr,"rdrdata");

Board Function Examples:

Write data to the device at listen address hex 2C (ASCII , ) from the
file r dr dat a, and then unaddressbr dO.

i bcnd (brdo,"?@", 3);
ibwtf (brd0,"rdrdata");
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C GPIB Programming Examples

These examples illustrate the programming steps that could be used to
program arepresentative |EEE 488 instrument from your personal
computer using the NI -488 functions. The applications are written in C.
The target instrument isa digital voltmeter (DVM). Thisinstrument is
otherwise unspecified (that is, it isnot a DVM manufactured by any
particular manufacturer). The purpose here isto explain how to use the
driver to execute certain programming and control sequences and not how
to determine those sequences.

Because the instructions that are sent to program a device as well as the data
that might be returned from the device are called device-dependent
messages, the format and syntax of the messages used in this example are
uniqueto thisdevice. Furthermore, the interface messages or bus
commands that must be sent to each device will aso vary, but to alesser
degree. The exact sequence of messages to program and to control a
particular device are contained in its documentation.

For example, the following sequence of actions is assumed to be necessary
to program this DVM to make and return measurements of a high frequency
AC voltage signal in the autoranging mode;

1. Initialize the GPIB interface circuits of the DVM so that it can respond
to messages.

2. Placethe DVM in remote programming mode and turn off front panel
control.

3. Initialize the internal measurement circuits.

4. Instruct the meter to measure volts alternating current (VAC) using
auto-ranging (AUTO), to wait for atrigger from the Controller before
starting a measurement (TRIGGER 2), and to assert the |EEE 488
Service Reguest signal line, SRQ, when the measurement has been
completed and the meter is ready to send the result (* SRE 16).

5. For each measurement:
a Sendthe TRI GGER command to the multimeter. The i bwr t

command " VAL1?" instructs the meter to send the next triggered
reading to its |EEE 488 output buffer.
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b.  Wait until the DVM asserts Service Request (SRQ) to indicate that
the measurement is ready to be read.
¢ Seria poll the DVM to determine if the measured dataisvalid or if
afault condition exists. You can find out by checking the message
available (MAV) bit, bit 4 in the status byte.
d. If thedataisvalid, read 10 bytes from the DVM.
6. Endthe session.

The example programs that follow are based on these assumptions:

e The GPIB board is the designated System Active Controller of the
GPIB.

e Thereisno changeto the GPIB board default hardware settings.

¢ The only changes made to the software parameters are those necessary
to define the device DVM at primary address 1.

e Thereisonly one GPIB board in use, and it is designated gpib0.

e Theprimary listen and talk addresses of GPIBO are hex 20 (ASCI|
space character) and hex 40 (ASCIl @ character), respectively.
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C Example Program — Device Functions

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude "ugpi b. h"

void dvrerr(char *nmsg, char code); /* device error function *

voi d gpi berr(char *msg); /* gpib error function */
/* Application programvariables passed to GPIB functions */
char rd[512]; /* read data buffer */
int dvm /* devi ce nunber */
char spr; /* serial poll response byte *
mai n() {

systen("clear");

printf("READ MEASUREMENT FROM FLUKE 45...\n");
printf("\n");

/* Assign a unique identifier to the Fluke 45 that you
configured using ibconf. exe. */

if ((dvm=ibfind ("dvn')) < 0) {
gpi berr("ibfind Error");
exit(1);
}

/* O ear the device. */
if (ibclr (dvm & ERR) {

gpi berr("ibclr Error");
exit(1);

/* Wite the function, range, and trigger source
instructions to the DVM */
ibwt (dvm "*RST; VAC, AUTO TRIGGER 2; *SRE 16", 35L);
if (ibsta & ERR) {

gpi berr("ibwt Error");
exit(1);
}

/* Trigger the device and request measurenent. */
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if (ibtrg (dvm & ERR) {
gpi berr("ibtrg Error");
exit(1);

}
ibwt (dvm "VAL1?", 5L);
if (ibsta & ERR) {
gpi berr("ibwt Error");
exit(1);

/* Wait for the DVUMto set RQS or for a timeout; if the
current time limt is too short, use ibtno to change it. *

printf("Waiting for RQS...\n");
printf("\n");
if (ibwait (dvm TIMJ RQ®) & (ERRITIMD))) {
gpi berr("ibwait Error");
exit(1);

/* Because neither a tinmeout nor an error occurred, ibwait
nmust have returned on RQS. Next, serial poll the device.
*/

if (ibrsp (dvm &spr) & ERR) {

gpi berr("ibrsp Error");
exit(1);

/* Now test the status byte. |If spr is 0x50, the Fluke 45
has valid data to send; otherwise, it has a fault
condition to report. */
if (spr !'= 0x50) {

dvrerr ("Fluke 45 Error", spr);
exit(1);
}

/* 1If the data is valid, read the neasurenent. */
if (ibrd (dvmrd, 10L) & ERR) {
gpi berr("ibrd Error");
exit(1);
rd[ibcnt] ="'\0";
printf("Reading : %\n", rd);
/* Call the ibonl function to disable device DVM */

i bonl (dvm0);
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voi d gpi berr(char *nsg) {
/* This routine would notify you that an ib call failed. */
printf ("%\n", nsg);

printf ( "ibsta=&H¥% <", ibsta);

if (ibsta & ERR) printf (" ERR');
if (ibsta & TIM) printf (" TIMD);
if (ibsta & END ) printf (" END');
if (ibsta & SRQ) printf (" SRQ");
if (ibsta & RS ) printf (" RQ")

if (ibsta & CWPL) printf (" CWPL");
if (ibsta & LK) printf (" LOK");
if (ibsta & REM) printf (" REM);
if (ibsta & CC) printf (" CC');
if (ibsta & ATN ) printf (" ATN');
if (ibsta & TACS) printf (" TACS');
if (ibsta & LACS) printf (" LACS");
if (ibsta & DTAS) printf (" DTAS");
if (ibsta & DCAS) printf (" DCAS");

printf (" >\n");

rintf ("iberr= %", iberr)

f (iberr == EDVR) printf (" EDVR < Error>\n");

f (iberr == ECIC) printf (" ECIC <Not CIC\n");

f (iberr == ENOL) printf (" ENOL <No Listener>\n");

if (iberr == EADR) printf (" EADR <Address error>\n");
if (iberr == EARG printf (" EARG <lnvalid argunent>\n");
f (" ESAC <Not Sys Ctrlr>\n");

f (" EABO <Op. aborted>\n");

(iberr == ESAC) printf
(i berr == EABO) printf
f (iberr == ENEB) printf (" ENEB <No GPI B board>\n");

f (iberr == ECAP) printf (" ECAP <No capability>\n");

f (iberr == EFSO printf (" EFSO <File sys. error>\n");
if (iberr == EBUS) printf (" EBUS <Command error>\n");
if (iberr == ESTB) printf (" ESTB <Status byte | ost>\n");

f (iberr == ESRQ) printf (" ESRQ <SRQ stuck on>\n");

f (iberr == ETAB) printf (" ETAB <Table Overflow>\n");

printf ("ibcnt= %\ n", ibcnt);

printf ("\n");
/* Call the ibonl function to disable device DVM */
i bonl (dvm0);

voi d dvrerr(char *nsg, char spr) {
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/* This routine would notify you that the DVMreturned an
invalid serial poll response byte. */

printf ("%\n", msg);
printf("Status Byte = %&\n", spr);

/* Call the ibonl function to disable device DVM */

i bonl (dvm 0);
}
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C Example Program —Board Functions

#i ncl ude <stdio. h>
#i ncl ude "ugpi b. h"

/* Application program variabl es passed to GPIB functions */
char rd[512]; /* read data buffer */
int bd; /* board or device nunber */

void dvrmerr(char *msg, char *code); /* device error function
*
voi d gpi berr(char *nsg); /* GPIB error function *

mai n() {
systen{"clear");

printf("READ MEASUREMENT FROM FLUKE 45...\n");
printf("\n");

/* Assign an unique identifier to board O and store in
/* variabl e bd. */

if ((bd =ibfind ("gpib0")) < 0) {
gpi berr("ibfind Error");
exit(1);
}

/* Send the Interface Cear (IFC) nessage to all devices. */

if (ibsic (bd) & ERR) {
gpi berr("ibsic Error");
exit(1);

/* Turn on the Renpte Enable (REN) signal. */

if (ibsre (bd,1) & ERR) {
gpi berr("ibsre Error");
exit(1);
}

/* Inhibit front panel control with the Local Lockout (LLO
command, place the Fluke 45 in renpte node by addressing it
to listen, send the Device Cear (DCL) nmessage to clear
i nternal device functions, and address the GPIB board to
tal k. */

ibcmd (bd, "\ 021'\024@), 4L);
if (ibsta & ERR) {
gpi berr("ibcmd Error");
exit(1);
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/*

/*

/*

/*

/*

Wite the function, range, and trigger source
instructions to Fluke 45. */

ibwt (bd,"*RST; VAC, AUTO TRI GGER 2; *SRE 16", 35L);
if (ibsta & ERR) {

gpi berr("ibwt Error");

exit(1);

Send the GET nessage to trigger a neasurenent reading. */

i bcd (bd, "\ 010", 1L);

if (ibsta & ERR) {
gpi berr("ibcnd Error");
exit(1);

Request the triggered neasurenent reading. */
ibwt (bd,"VAL1?", 5L);

if (ibsta & ERR) {
gpi berr("ibwt Error");

exit(1);
Wait for the DVMto set SRQ or for a tineout; if the current
tinme limt is too short, use ibtnp to change it. */

printf("Waiting for SRQ..\n");
printf("\n");
if (ibwait (bd, TTIMJSRQ) & (ERRITIM)) {
gpiberr("ibwait Error");
exit(1);

Because neither a timeout nor an error occurred, ibwait nust
have returned on SRQ Next, do a serial poll. First,

unaddr ess bus devices and send the Serial Poll Enable (SPE)
command, followed the talk address of the Fluke 45, and the
|i sten address of the GPIB board. */

i bcnd (bd,"?_\030A ",5L); /* UNL UNT SPE TAD MLA */
if (ibsta & ERR) {

gpi berr("ibcnd Error");

exit(1);

Now read the status byte. If it is 0x50, the Fluke 45 has
valid data to send; otherwise, it has a fault condition to
report. */
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if (ibrd (bd,rd,1L) & ERR) {
gpi berr("ibrd Error");
exit(1);

if (rd[0] !'= 0x50) {
dvrerr ("Fluke 45 Error", rd);
exit(1);
}

Chapter 5

/* Conplete the serial poll by sending the Serial Poll Disable

(SPD) message. */
if (ibcmd (bd,"\031",1L) & ERR) {

gpi berr("ibcnd Error");

exit(1);

/* Because the DVM and GPIB board are still addressed to talk
and listen, the nmeasurenent can be read as follows: */
if (ibrd (bd,rd, 10L) & ERR) {

gpi berr("ibrd Error");
exit(1);
rd[ibcnt] ="'\0";
printf("Reading : %\n", rd);

/* Call the ibonl function to disable the hardware and
sof tware. */
i bonl (bd, 0);

}
voi d gpi berr(char *nsg) {
/* This routine would notify you that an ib call failed. */

printf ("%\n", msg);

printf ( "ibsta=&H% <", ibsta);

if (ibsta & ERR) printf (" ERR');
if (ibsta & TIM)) printf (" TIMJ);
if (ibsta & END ) printf (" END');
if (ibsta & SRQ) printf (" SRQ");
if (ibsta & RS ) printf (" RQ");
if (ibsta & CGWPL) printf (" CWPL");
if (ibsta & LOK) printf (" LOK");
if (ibsta & REM) printf (" REM);
if (ibsta & CIC) printf (" AC');
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if (ibsta & ATN ) printf (" ATN');
if (ibsta & TACS) printf (" TACS");
if (ibsta & LACS) printf (" LACS");
if (ibsta & DTAS) printf (" DTAS");
if (ibsta & DCAS) printf (" DCAS');
printf (" >\n");

intf ("iberr= %", iberr
(i berr == EDVR) printf
(iberr == ECIC) printf
(iberr == ENOL) printf
(iberr == EADR) printf

r )

f (" EDVR < Error>\n");

f (" ECIC <Not CIC\n");

f (" ENOL <No Listener>\n");

f (" EADR <Address error>\n");

f (iberr == EARG printf (" EARG <lnvalid argunment>\n");
f (iberr == ESAC) printf (" ESAC <Not Sys Crlr>\n");

f (iberr == EABO) printf (" EABO <Op. aborted>\n");
f (
f (
f (
f (
f (
f (
f (

i
i
i
i
i
if (iberr == ENEB) printf (" ENEB <No GPIB board>\n");

if (iberr == ECAP) printf (" ECAP <No capability>\n");

if (iberr == EFSO) printf (" EFSO <File sys. error>\n");
if (iberr == EBUS) printf (" EBUS <Command error>\n");

if (iberr == ESTB) printf (" ESTB <Status byte lost>\n");
if (iberr == ESRQ printf (" ESRQ <SRQ stuck on>\n");

if (iberr == ETAB) printf (" ETAB <Table Overflows\n");

printf ("ibcnt= %l\n", ibcnt);

printf ("\n");

/* Call the ibonl function to disable the hardware
and software. */

i bonl (bd, 0);
}

voi d dvrerr(char *nsg, char *code) {

/* This routine would notify you that the DVMreturned an
invalid serial poll response byte. */

printf ("%\n", nsg);
printf("Status byte = %\n", code[0]);

/* Call the ibonl function to disable the hardware
and software. */

i bonl (bd, 0);
}
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Ibic

With the Interface Bus I nteractive Control (i bi ¢) program, you can
communicate with the GPIB devices through functions you enter at the
keyboard. Thisfeature helpsyou learn how to communicate with the
device, troubleshoot problems, and develop your application.

i bi ¢ functionsinclude most of the NI-488 functions and NI-488.2 routines
described in Chapter 4, NI-488.2M Software Characteristics and Routines,
and Chapter 5, NI-488M Software Characteristics and Functions,
respectively, plusauxiliary functions used only by i bi c.

Ini bi ¢, the user can send data and GPIB commands to a device from the
keyboard and display data received from a device on the screen. After each
command executes, the numeric value and mnemonic representation of the
statusword i bst a isdisplayed. The byte count i bent and error code

i berr are also shown when appropriate.

This interactive method of datainput and data/status output is designed to
help you learn how to use the NI -488 functions and NI-488.2 routines to
program your device. Once you develop a sequence of steps that works
successfully for your system, you can easily incorporate the sequence into
an application program using the appropriate language and syntax described
in Chapter 3, Understanding the NI -488.2M Software, Chapter 4,

NI -488.2M Software Characteristics and Routines, and Chapter 5, NI -488M
Software Characteristics and Routines.

Running ibic
Thei bi ¢ program, i bi ¢, isan executable file that was copied from the
distribution disk to the appropriate subdirectory (depending on which

interface board you have) during installation.

Note:  User inputs must be followed by pressing <Enter>. User inputs
areitalicized in all the examplesin this section.

© National Instruments Corp. 6-1 NI-488.2M Reference Manual



ibic Chapter 6

Toruni bi ¢, change the directory to this subdirectory and enter i bi ¢ at
the prompt, as follows:

SYSTEMY% i bic

National |nstrunents

Interface Bus Interactive Control Program (ibic)
Copyright (c) 1985, 1996 National I|nstrunents, Inc.
Al Rights Reserved

Type “hel p” for help.

Messages about the HELP, i bf i nd, and SET commands appear on the
screen.

Thefirst input prompt toi bi ¢ isacolon (:).

Using NI-488.2 Routines

The SET function is used to select the NI-488.2 function mode. The syntax
for thisform of the SET command is:

set 488.2 n
where n represents a board number (for example, n=1for gpi bl).

Note: Thedefault valueof nis0 (gpi b0). Other board indexes can be
used here also.

After issuing this form of the SET command, i bi ¢ usesthe 488. 2
prompt to remind you that you are in NI-488.2 mode on board n, as
follows:

set 488.2 1
488.2 (1):

After issuing theset 488. 2 command, any of the NI-488.2 routines can
beused. The syntax of the NI-488.2 routines is shown in Table 6-2.
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Using Send

The Send routine sends datato asingle GPIB device. The SendLi st
command can be used to send data to multiple GPIB devices. For example,
to send the five character string * | DN? followed by the NL character with
EQI from the computer to the devices at primary address 2 and 17, enter the
following command at the 488. 2 (0): prompt:

488.2 (0): SendList 2, 17 “*IDN?” NLend
[0128] (cnpl cic atn tacs)
count: 5

The returned statusword [ 0128] indicates a successful 1/0 completion,
while the byte count indicates that all five characters were sent from the
computer and received by both devices.

Using Receive

The Recei ve routine causes the GPIB board to receive datafrom another
GPIB device. Thefollowing exampleillustrates the use of the Recei ve
routine.

488.2 (0): Receive 5 10 STOPend
[2124] (end cnpl cic tacs)

count: 5

48 65 6¢ 6f Hel | o

The command acquires data from the device at primary address 5. It stops
receiving data when ten (10) characters have been received or when the
END message isreceived. The acquired dataisthen displayed in hex
format along with its ASCII equivalent. The status word and byte count are
aso displayed.

Using NI -488 Functions

Inusing i bi ¢, the most important NI -488 functions are the HELP,
i bfind ori bdev,ibwt ,andi brd commands. Thesefunctionsare
described in the following paragraphs.
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Using HELP

The HELP function gives onlineinformation about i bi ¢ and the functions
available within the environment. Thisfacility provides a quick reference
for checking the syntax and function of the GPIB call.

Using ibfind

To execute any NI-488 GPIB function, you must first usei bf i nd to open
the device or board you wish to use. When the device or board is opened,
the symbolic name of that device or board is added to the prompt. If you
are using NI-488.2 routines, you do not need to call i bf i nd: you may go
directly to NI-488.2 mode with the SET command (see below).

The following examples show i bf i nd opening devl (Example 1) and
gpi b0 (Example 2).

Example 1:

: ibfind devl
id = 32005

devil:
Example 2:

: ibfind gpib0
id = 32005

gpi bO:

The name used with thei bf i nd function must be avalid symbolic name
known by the driver, asdescribed in i bconf (refer to theibconf sectionin
Chapter 2, Installation and Configuration of NI -488.2M Software). Both
devl and gpi b0 are default names found in the driver. i bi ¢ makesno
distinction between uppercase and lowercase.
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Using ibdev

To execute any GPIB function, you must first usei bf i nd ori bdev to
open and initialize an unused device. The i bdev command selects an
unopened device, opensit, and initializesits access board and the following
fieldsto the values that are input:

e Primary Address

e Secondary Address

e Timeout Setting

e EOT

« EOS

Example 1 showsi bdev opening an available device and assigning it to
accessgpi bO(boar d = 0) with aprimary address of 6 (pad =6), a
secondary address of hex 67 (sad = 0x67), atimeout of 10 ms. (t o =7),
the END message enabled (eot =1), and the EOS mode disabled (eos = 0).

Example 1:

: ibdev 0 6 Ox67 7 1 0
id = 32006

udo:

If you type the following:
i bdev <Enter>

the software prompts you for the input parameters, as shown in Example 2.
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Example 2:
i bdev
enter board index: 0
enter primary address: 6
enter secondary address: 0x67
enter tineout: 7
enter ‘EPO on last byte flag: 1
enter end-of-string node/byte: 0
id = 32006
udo:

There are three distinct errors that can occur with thei bdev cal:

If no deviceisavailable, an EDVR eror isreturned. Thisisalso the
error that occurs if the specified board index refers to a non-existent
board (that is, not O or 1). The following example illustrates this case.

: ibdev 4 6 0x67 7 1 0
[8000] ( err )
error: EDVR (-1)

If the specified board index refersto a known board (such as 0 or 1) but
the board cannot be found by the driver, an ENEB error isreturned. In
thiscase, run i bconf toinsure that the base address of the board is set
correctly.

If one of the last five parametersis an illegal value, thei bdev cal
returns with anew udx prompt and the EARG error (invalid function
argument). The following example illustrates this case.

: ibdev 0 66 0x67 7 1 0O
[8100] ( err crpl )
error: EARG

udo: i bpad 6
previous value: 16

If the i bdev call returns with an EARG error, it is necessary to
identify which parameters are incorrect and use the appropriate
command to fix it. In Example 4, the pad is wrong and can be fixed
withani bpad cal.

NI-488.2M Reference Manual 6-6 © National Instruments Corp.



Chapter 6 ibic

Note: Thei bdev call should not be used until after all i bf i nd calls
have been made for devices. Thisisto ensurethati bdev does
not choose a device that may later be used with an i bf i nd call.
In addition, all device descriptorsare valid until they are
explicitly taken offlineby an i bonl 0 call. Therefore, itis
important to place all devices offline at the end of an application
in order to ensurethat i bdev functions correctly in subsequent
applications.

Using ibwrt

Thei bwt command sends datato a GPIB device. For example, to send
the six character data string F3R5T1 from the computer to adevice called
dev1l, you enter the following string at the dev1: prompt:

devl: ibwt “F3R5T1”

[0100] (cnpl)
count: 6

The returned Status Word [0100] indicates a successful |/O completion,
while the Byte Count indicates that all six characters were sent from the
computer and received by the device.

Usingibrd
Thei br d command causes a GPIB device to receive data from another

GPIB device. Thefollowing exampleillustratesthe use of thei br d
function.

devil: ibrd 20

[2100] (end cnpl)

count: 18

4E 44 43 56 28 30 30 30 NDCV (00O
2E 30 30 34 37 45 2B 30 . 0047E+0O0
0D 0A o o

This command acquires data from the device and displays it on the screen
in hex format and in its ASCII equivalent, along with information about the
data transfer such as the Status Word and the Byte Count.
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How to Exit ibic

Typing e or q will return you to the operating system.

Adding Common EOS Characters

Some GPIB instruments require specia termination characters or
End-Of -String (EOS) characters to indicate to the device the end of
transmission. If your device requires any EOS characters, you must add
these to the end of the data string sent out by thei bwr t statement.

The following example illustrates the addition of the two most commonly
used EOS characters, the carriage return and the linefeed.

devl: ibwt “F3R5T1\r\n”
[0100] (cnpl)
count: 6

The\r and\ n represent the carriage return and linefeed characters
respectively. Seethe Notes of Table 6-4 for amore detailed description on
the representation of non-printable characters.

Using SET

If you are using NI-488 calls, you use i bf i nd to open each device or
board. Once the device or board is opened, use the auxiliary function SET
to select which opened device or board to access. SET changes the prompt
to the new symbolic name. SET is also used to switch between NI -488
mode and NI-488.2 mode. Following is an example of how to usethe SET
command.

devl: set plotter
id = 32006

plotter:

This example assumesthat i bconf was used to give a device the name
plotter.

The following example summarizesthe use of i bf i nd and SET ina
typical program.
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: ibfind devl

id = 32006

devl: i bfind plotter
plotter: ibwt “F3T7Q0"
[ 0100] (cmpl)

count: 6

Plotter: set devl
devl: i bwrt “X7Y39Q0"
[ 0100] (cmpl)

count: 7

devl:

ibic Functions and Syntax

i bi ¢ displaysthe following information about each function call
immediately after that call:

e i brd datamessages are displayed on the screen in hex and ASCII
formats.

e Theglobal variablesi bst a,i bent ,and i berr aredisplayed on the
screen.

i bi ¢ and programming languages of Chapter 5, NI -488M Software
Characteristics and Functions, differ in the syntax of the function call. The
main differences arethat i bwrt andi bcmd messages are entered as
strings from the keyboard. The syntax for i bi ¢ isshown in Tables 6-1 and
6-2.

The unit descriptor (ud) isnot explicitly apart of i bi ¢ function syntax.
Before using any device or board, first call i bf i nd to open that unit and to
pass the unit descriptor toi bi ¢. The screen prompt identifies which of
these opened unitsi bi ¢ will usein subsequent calls. Usethe SET
function to change from one of these units to another.
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Tables 6-1 and 6-2 summarize the NI-488 functions and syntax and

NI -488.2 routines, respectively, when called fromi bi c. Syntax rulesfor
i bi ¢ areexplained in thetable notes. Consult Chapter 4, NI -488.2M
Software Characteristics and Routines, and Chapter 5, NI -488M Software
Characteristics and Functions, for detailed descriptions of functions and
routines, respectively, and for syntax rules of the programming language
you will use.

Table 6-1. Syntax of GPIB Functionsin ibic

Function Function

Syntax Description Type | Note
i bbna Change access board of device dev 1
br dnane
i bcac [V] Become active controller brd 23
i bel Clear specified device dev
ibcnd string | Send commands from string brd 4
i bdev Open an unused device when the
VVVVVV device nameis unknown dev 9
i bdma [v] Enable/disable DMA brd 23
i beos v Change/disable EOS message dev,brd | 23
i beot [v] Enable/disable END message dev,brd | 23
i bfind Return unit descriptor dev,brd | 5
udnarne
ibgts [v] Go from active controller to brd 23

standby
i bist [v] Set/clear ist brd 23
i bl'ines Read the state of all GPIB lines brd
ibln vv Check for presence of device on dev,brd | 10
bus
i bl oc Goto local dev, brd
i bonl [v] Place device online or offline dev,brd | 23
i bpad v Change primary address dev, brd 3
(continues)
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Table 6-1. Syntax of GPIB Functions in ibic (Continued)
Function Function
Syntax Description Type | Note
i bpct Pass control dev
i bppc v Parallel poll configure dev, brd
ibrd v Read data dev, brd
i brdf flname | Read datatofile dev, brd
i br pp Conduct a parallel poll dev, brd
ibrsc [v] Request/rel ease system control brd 23
i brsp Return serial poll byte dev
ibrsv v Request service dev 3
i bsad v Change secondary address dev,brd | 3
i bsic Send interface clear brd 3
ibsre [V] Set/clear remote enable line brd 23
ibtno v Change/disable time limit dev, brd 3
ibtrg Trigger selected device dev
ibwt string |\Writedata brd
if F\r/:;:r; Write datato file dev, brd 7
Table 6-2. Syntax for NI1-488.2 Routinesin ibic

Routine Syntax Description Note
All Spol | Iist Serial Poll all devices 11
DevCl ear address Clear adevice 13
DevC earList |ist Clear several devices 11
Enabl eLocal i st Enable local control 11
Enabl eRenot e |i st Enable remote control 11

(continues)
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Table 6-2. Syntax for NI1-488.2 Routines in ibic (Continued)

Routine Syntax Description Note
FindLstn list limt Find all listeners 11
Fi ndRQS |i st Find dev requesting 11
service
PassControl address Pass control to adevice 13
PPol | Parallel Poll 13
PPol | Config addr. line sense | Parallel Poll Configure | 13,14
PPol | Unconfi g address Parallel Poll Unconfig 13
RcvRespMsg address data node Receive Response 412,13
Message
ReadSt at usByt e addr ess Sexial Poll 13
Recei ve address data node Receive 412,13
Recei veSet up address Receive Setup 13
Reset Sys |i st 3-level Device reset 11
Send address data node Send 412,13
SendCnds dat a Send command bytes 4
SendDat aBytes |ist data node | Send Data Bytes 411,12
Sendl FC Send Interface Clear
SendLi st |ist data node SendList 411,12
SendLLO Put devicesin LLO 11
SendSet up |ist Send Setup 11
Set RALS | i st Put devicein RWLS 11
Test Sys |i st Device self-tests 11
Test SRQ Test for SRQ
Trigger address Trigger adevice 13
TriggerList |ist Trigger several devices 11
Vi t SRQ Wait for SRQ
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Notesfor Tables6-1 and 6-2

1 brdnane isthe symbolic name of the new board (for example,
i bbna gpi bl).

2. Vauesenclosed in square brackets ([ ] ) are optional. The default
valueiszerofori bwai t and 1 for all other functions.

3. visahex, octdl, or decimal integer. Hex numbers must be preceded
by zero and x (for example, 0xD). Octal numbers must be preceded
by zero only (for example, 015). Other numbers are assumed to be
decimal.

4. string consistsof alist of ASCII characters, octal or hex bytes, or
special symbols. The entire sequence of characters must be enclosed
in quotation marks. An octal byte consists of a backslash character
followed by the octal value. For example, octal 40 would be
represented by \ 40. A hex byte consists of a backdlash character
and a character x followed by the hex value. For example, hex 40
would be represented by \ x40. Thetwo special symbolsare\ r for
acarriage return character and \ n for alinefeed character. These
symbols provide a more convenient method for inserting the carriage
return and linefeed charactersinto the string, as shown in the
following string: " F3R5T1\ r\ n" . Because the carriage return can
be represented equally well in hex, \ xD and\ r are equivalent
strings.

5. udnare isthe symbolic name of the new device or board (for
example, i bf i nd devl or set gpi bO).

6. v isthe number of bytesto read.

7. fl name isthe pathname of the file to be read or written (for
example, net er orpri ntrbuf ).

8. nask isahex, octal, or decimal integer (see note 3) or amask hit

mnemonic.
9. i bdev parametersare board id, pad,sad,tno, eos, and eot .
10. i bl n parametersare pad andsad.
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11.  |i st isacommaseparated list of addressintegers, optionally
enclosed in parentheses. An empty list can be expressed by empty
parentheses.

12. node isatermination mode mnemonic or integer. Mnemonics are
NLend, NULLend for Send-type operations, and STOPend for
Receive-type operations.

13. addr ess isaninteger representing a GPIB address. If only a
primary GPIB addressis required, smply enter that integer. If a
secondary addressis also required, create an integer with the primary
addressin the low-order byte, and the secondary addressin the
high-order byte; for example, pad 3and sad 614 could be
expressed as 0x6103.

14. |ine andsense areintegersrepresenting the dataline to respond
on and the sense of the response.

StatusWord

Alli bi ¢ functionsreturn the statusword i bst a intwo forms. ahex
valuein sguare brackets and alist of mnemonicsin parentheses. A sample
cdl follows.

devil: ibwt “f2t3x”
[900] (rgs cnpl)
COUNT: 5

devil:

In this example, the status word shows that the device function write
operation completed successfully and that dev1 isrequesting service.

Table 6-3 lists the mnemonics of the statusword. Thisisthe samelist that
isgivenin Table 3-1.
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Table 6-3. Status Word Layout

ibic

Bit Hex Function
Mnemonics | Pos | Value Type Description

ERR 15 8000 dev,brd | GPIB error

TIMO 14 4000 dev,brd | Timelimit exceeded

END 13 2000 dev, brd | END or EOS detected

SRQI 12 1000 brd SRQ interrupt received

RQS 11 800 dev Device requesting
service

CMPL 8 100 dev, brd 1/0O completed

LOK 7 80 brd Lockout State

REM 6 40 brd Remote State

CIC 5 20 brd Controller-In-Charge

ATN 4 10 brd Attention is asserted

TACS 3 8 brd Taker

LACS 2 4 brd Listener

DTAS 1 2 Device Trigger State

DCAS 0 1 brd Device Clear State

Error Code

If an NI-488 function or NI-488.2 routine completes with an error, i bi ¢
also displays the error mnemonic. The following exampleillustrates the
result if an error condition occursin the data transfer.

devl: i bwt “f2t3x”
[8100] (err cnpl)
ERROR. ENCL

COUNT: 1

devil:

In this example, there are no Listeners; perhaps dev1 ispowered off.
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Byte Count

When an 1/0 function completes, i bi ¢ displays the actual number of bytes
sent or received, regardless of the existence of an error condition.

Auxiliary Functions

Table 6-4 summarizes the auxiliary functionsthat i bi ¢ supports.

Table 6-4. Auxiliary Functions That i bi ¢ Supports

Description Function Syntax Note
Select active device or board set udname 12
set 4058. 2n 7
Display help information hel p [opti on] 3
Repeat previous function !
Turn OFF display -
Turn ON display +
Execute function n times n* function 4

Execute previous functionn times | n* !

Execute indirect file $ filename

Display string on screen print string 6
Exit or quit e

Exit or quit q

Notesfor Table 6-4

1 udnane isthe symbolic name of the new device or board (for
example, i bfi nd devl or set gpi bO).

2. Cdli bfind initially to open each device or board.

3. Ifopti on isomitted, amenu of options appears.
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4. Replace function with correct i bi ¢ function syntax.

5. fil enane isthe pathname of afilethat contains i bi ¢ functionsto
be executed.

6. string consistsof alist of ASCII characters, octal or hex bytes, or
special symbols. The entire sequence of characters must be enclosed in
quotation marks. An octal byte consists of a backslash character
followed by the octal value. For example, octal 40 would be
represented by \ 040. A hex byte consists of a backslash character and
acharacter x followed by the hex value. For example, hex 40 would
be represented by \ x40. The two special symbolsare \r for a
carriage return character and \ n for alinefeed character.

These symbols provide a more convenient method for inserting the
carriage return and linefeed charactersinto the string as shown in this
string:

"F3R5T1\ r\ n" . Since the carriage return can be represented equally
well inhex,\ xD and \r are equivalent strings.

7. nindicates aboard number (for example, n=1for gpi bl).

HELP (Display Help Information)

The HELP function gives causal information about i bi ¢ and its functions
to be displayed on the screen.

I (Repeat Previous Function)

The! function causes the most recent function executed to be repeated.

A table showing a progression of screen commands and their meanings
follows:
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Table 6-5. Repeating a Previous Function

Screen Image Comments
gpi b0: ibsic Send Interface Clear
[130] ( cnpl cic atn)
gpi b0: ! _ Repeat i bsi c
[130] ( cnpl cic atn)
gpi b0: ! Repeat i bsi ¢ again
[130] ( cnpl cic atn) P «

- (Turn OFF Display)

The- function causes the NI-488 function output not to display on the
screen. Thisfunction is useful when you want to repeat a NI1-488 1/0
function quickly without waiting for screen output to be displayed.

+ (Turn ON Display)

The + function causes the display to be restored.

The following example shows how the - and + functions are used.

Twenty -four consecutive letters of the alphabet are read from a device
using three i brd calls.

devil: ibrd 8

[ 4100] (end cnpl)

COUNT: 8

61 62 63 64 65 66 67 68 abc def gh
devl1: -

devl: ibrd 8

devl: +

devl: ibrd 8

[ 4100] (end cnpl)

COUNT: 8

71 72 73 74 75 76 77 78 gr st uv wx
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n* (Repeat Function n Times)

Then* function repeats the execution of the specified function n times,
where n isaninteger. In the following example, the message Hel | o goes
to the printer five times.

printer: 5*ibwt “Hello”

The function name can be replaced with the I function. Thus, if this
example is done the following way, the word Hel | o goesto the printer 20
more times, then 10 more times.

printer: 20* !
printer: 10* !

Notice that the multiplier (*) does not become part of the function name;
thatis, i bwt "Hel |l 0" isrepeated 20times, not 5* i bwrt "Hel | 0" .
$ (Execute Indirect File)

Inthe $ function, an indirect fileisatext file that containsi bi ¢ functions.
Itissimilar to an batch file and is created the same way. $ readsthe

specified indirect file and executesthei bi ¢ functionsin sequence asif
they were entered in that order from the keyboard. For example, entering:

gpi b0:  $ usrfile

executesthe i bi ¢ functionslisted inthefileusrfi | e, and entering:
gpi bO: 3*$ usrfile

repeats that operation three times.

The display mode, in effect before this function was executed, is restored
afterward but may be changed by functionsin the indirect file.
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PRINT (Display the ASCII String)
The PRI NT function can be used to echo a string to the screen.

Example:

devl: print “hello”

hel I o

devl: print “and \r\n\x67\x6f\x64\ x62\ Xx79\ x65”

and
goodbye

PRI NT can be used to display comments from indirect files. The print
strings will appear even if the display is suppressed with the - function.

The second PRI NT exampleillustrates the use of hex valuesin i bi ¢
strings.
E or Q (exit or quit)

The exit command or the i bi ¢ function E or Q returns you to the
operating system.

ibic Sample Programs

Refer to Chapter 4, NI -488.2M Software Characteristics and Routines, and
Chapter 5, NI -488M Software Characteristics and Functions for a
description of the programming steps that may be used to program a
representative | EEE 488 instrument from your personal computer using the
NI -488.2 driver routines and NI-488 driver functions, respectively. The
applications are written using i bi ¢ commands.

NI-488.2 Routines

Tosetup i bi ¢ for NI-488.2 cals, usetheset command, asfollows.
set 488.2

488.2 (0):
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Send the interface clear message (1FC) to al devices. This clearsthe bus.
Y ou should check for ERR after each GPIB function call.

488.2 (0): Sendl FC
[ 0120] (cnpl cic)

Clear the device. The deviceis assumed to be on the GPIB bus at primary
address 2.

488.2 (0): Devd ear 2
[0138] (cnpl cic atn tacs)
count: 1

Write the routine, range, and trigger source information to the device (a
digital voltmeter).

488.2 (0): Send 2 “F3R7T3” DABend
[ 0128] (cnpl cic tacs)
count: 6

Trigger the device.

488.2 (0): Trigger 2
[ 0138] (cnpl cic atn tacs)
count: 1

Wait for the meter to request service (by asserting the SRQ bus line) and
then read the meter's status byte.

488.2 (0):  WaitSRQ
[1138] (srqgi cnpl cic atn tacs)
SRQ line is asserted

488.2 (0): ReadSt at usByte 2

[ 0174] (cnpl remcic atn | acs)
Pol | : 2 => 0x0040 (decimal : 32)

Read the meter's data.

488.2 (0): Receive 2 20 STOPend
[ 2164] (end cnpl remcic |acs)

count : 20

0d Oa 4e 44 4356 2d 30 . . NDCV-0
30 3026 3030343745 00. 004 7E
2b 30 0d Oa + 0 .

© National Instruments Corp. 6-21 NI-488.2M Reference Manual



ibic Chapter 6

Return to the UNIX operating system.

488.2 (0): e

Device Functions

To communicate with a device, first find the device name which was given
tothedeviceinthe i bconf program.

: ibfind dvm
id = 32005

DVM

Clear the device. Y ou should check for ERR after each GPIB function call.

DvMm i belr
[0100] (cnpl)

Write the function, range, and trigger source instructions to the DVM.

DVM ibwt “F3R7T3”
[0100] (crnpl)
count: 6

Trigger the device.

DVM ibtrg
[0100] (cnpl)

Wait for the DVM to request service or for atimeout; if the current timeout
limit istoo short, use i bt no to changeit.

DVM i bwait (TI MO RQS)
[ 0800] (rgs)

Read the serial poll status byte. Thisserial poll status byte will vary
depending on the device used.

DVM i brsp
[0100] (cnpl)
Poll: 0x40 (decinmal : 32)
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The read command displays the data on the screen both in hex values and
their ASCII equivalents.

DvM ibrd 18

[0100] (crnpl)
count: 18

4E 44 43 56 20 30 30 30 NDCV
2E 30 30 34 37 45 28 30 004
0A 0A

00O
7E+0
Return to UNIX.

DVWMm e

Board Functions

The following pages show how to execute board functions only, not device
functions. For most applications, board functions are not needed.

Begin by making the interface board the current board.

: ibfind gpib0
id = 32006

GPI BO:

Send the interface clear message (IFC) to al devices. Thisclearsthe bus
and asserts attention (ATN) on the bus. The user should check for ERR
after each GPIB function call to be safe.

GPl BO: i bsic
[0130] (cnpl cic atn)

Turn on the remote enable signa (REN).

GPI BO: i bsre 1
[0130] (cnpl cic atn)
previous value: O

Set up the addressing for the device to listen and the computer to talk. The
question mark (?) character represents the unlisten (UNL) command. The
“@ character represents the talk address of the GPIB board, which was
calculated using the Multiline Interface Message chart in Appendix A.
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The GPIB board isat GPIB primary address 0. Moving across to the Talk
address column, the appropriate ASCII character isan“@ character. Ina
similar manner the*!” character represents the listen address of the device
which in this case is assumed to be at GPIB primary address 1. The
Multiline Interface Message chart in Appendix A indicates that the listen
address for adevice at aprimary addressof 1isan“! " character.

GPI BO: i bcrd “@!”
[0138] (cnpl cic atn tacs)
count: 3

Write the function, range, and trigger source instructions to the DVM. Be
sure an error has not occurred before proceeding with the sample program.

GPI BO: ibwt “F3R7T3”
[0128] (cnpl cic tacs)
count: 6

Send the Group Execute Trigger message (GET) to trigger a measurement
reading. The GET message is represented by the hex value 8.

GPI BO: i bcnd “\x08”
[0138] (cnpl cic atn tacs)
count: 1

Wait for the DVM to set SRQ or for atimeout; if the current timeout limit is
too short, usei bt no to changeit.

GPI BO: i bwait (TIMO SRQ)
[1138] (srqgi cnpl cic atn tacs)

Set up the device for aseria poll. The question mark (?) character
represents the Unlisten (UNL) command. The space character ()
represents the controller's listen address. The hex value 18 represents the
Serial Poll Enable function, while A represents the talk address of the
device.

GPI BO: ibcmd “? \ x18A"
[1174] (srqgi cnpl remcic atn | acs)
count: 4
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Read the status byte. The status byte returned may vary depending on the
device used.

GPI BO: ibrd 1

[0164] (cnpl remcic |acs)
count: 1

50 P

Complete the seria poll by sending the Serial Poll Disable (SPD) message.
The hex value 19 represents the serial poll disable function.

GPI BO: i bcnd “\x19”
[0174] (cnpl remcic atn |acs)
count: 1

Because the DVM and the NI -488 are still addressed to talk and to listen,
the measurement can be read.

GPI BO: i brd 20
[2164] (end cnpl remcic |acs)
OD OA 4E 44 43 56 2D 30 =+ N

DCV-0
30 30 2ZE 30 30 34 3745 00. 004 7E
2B 30 0D OA + 0« o

Exiti bi c.

GPI BO: q
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Appendix A
Multiline Interface M essages

This appendix contains an interface message reference list, which describes
the mnemonics and messages that correspond to the interface functions.
These multiline interface messages are sent and received with ATN TRUE.

For more information on these messages, refer to the ANSI/IEEE Std.

488-1978, |EEE Sandard Digital Interface for Programmable
Instrumentation.
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Multiline I nter face M essages

Hex Oc Dec ASCII Msy Hex Oc Dec ASCII Mgy

00 000 0 NUL 20 040 32 SP MLAO
01 001 1 SOH GTL 21 041 33 ! MLA1
02 002 2 SIX 22 042 34 " MLA2
03 003 3 ETX 23 043 35 # MLA3
04 004 4 EOT SDC 24 044 36 $ MLA4
05 005 5 ENQ PPC 25 045 37 % MLAS5
06 006 6 ACK 26 046 38 & MLAG6
07 007 7 BEL 27 047 39 ' MLA7
08 010 8 BS GET 28 050 40 ( MLAS8
09 011 9 HT TCT 29 051 41 ) MLA9
0A 012 10 LF 2A 052 42 * MLA10
0B 013 11 VT 2B 053 43 + MLA11
oC 014 12 FF 2 04 4 , MLA12
m 015 13 CR D 055 45 - MLA13
CE 016 14 SO x 056 46 . MLA14
OF 07 15 9 2F 057 47 / MLA15
10 020 16 DLE 30 060 48 0 MLA16
11 021 17 DC1 LLO 31 061 49 1 MLA17
12 02 18 DC2 32 062 50 2 MLA18
13 023 19 DC3 33 063 51 3 MLA19
14 024 20 DC4 DCL 34 064 52 4 MLA20
15 025 21 NAK PPU 35 065 53 5 MLA21
16 026 22 SYN 36 066 54 6 MLA22
17 027 23 ETB 37 067 55 7 MLA23
18 030 24 CAN SPE 38 070 56 8 MLA24
19 031 25 EM SPD 39 071 57 9 MLA25
1A 032 26 SUB A 072 58 : MLA26
1B 033 27 ESC 3B 073 59 ; MLAZ27
1IC 034 28 FS 3¢ 0714 60 < MLAZ28
1D 035 29 GS D 075 61 = MLA29
1E 036 30 RS 3E 076 62 > MLA30
1F 037 31 Us 3F 077 63 ? UNL

M essage Definitions

DCL Device Clear MSA My Secondary Address
GET Group Execute Trigger MTA My Talk Address
GTL GoTolLoca PPC Parallel Poll Configure
LLO Local Lockout PPD Parallel Poll Disable

MLA My Listen Address
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Appendix A Multiline I nterface Messages

Multiline I nter face M essages

Hex Ocd Dec ASCII Mg Hex Oc Dec ASCII Mg

40 100 64 @ MTAO 60 140 9% MSAO,PPE
41 101 65 A MTA1 61 141 97 a MSA1,PPE
42 102 66 B MTA2 62 142 98 b MSA2,PPE
43 103 67 C MTA3 63 143 9 c MSA3,PPE
44 104 68 D MTA4 64 144 100 d MSA4,PPE
45 105 69 E MTA5 65 145 101 e MSAS5,PPE
46 106 70 F MTA6 66 146 102 f MSAG6,PPE
47 07 71 G MTA7 67 147 103 g MSA7,PPE
48 110 72 H MTA8 68 150 104 h MSA8,PPE
49 1117 73 | MTA9 69 151 105 i MSA9,PPE
A 112 74 ) MTA10 6A 152 106 | MSA10,PPE
4B 113 75 K MTA1l 6B 153 107 Kk MSA11,PPE
4 114 76 L MTA12 6C 154 108 | MSA12,PPE
D 15 77 M MTA13 @D 155 109 m MSA13,PPE
4E 116 78 N MTAl4 6E 156 110 n MSA14,PPE
4F 117 79 O MTA15 6F 157 111 o MSA15,PPE
50 120 80 P MTA16 70 160 112 p MSA16,PPD
51 121 81 Q MTA17 71 161 113 q MSA17,PPD
52 122 8 R MTA18 72 162 114 r MSA18,PPD
53 123 83 S MTA19 73 163 115 s MSA19,PPD
54 124 84 T MTA20 74 164 116 t MSA20,PPD
55 125 8 U MTA21 75 165 117 u MSA21,PPD
56 126 8 V MTA22 76 166 118 v MSA22,PPD
57 127 87 W MTA23 77 67 119 w MSA23,PPD
58 130 88 X MTA24 78 170 120 x MSA24,PPD
59 31 8 Y MTA25 79 71 121y MSA25,PPD
5A 132 90 z MTA26 7A 172 122 2z MSA26,PPD
5B 133 91 | MTA27 7B 173 123 { MSA27,PPD
5 14 92 \ MTA28 7C 174 124 | MSA28,PPD
D 135 93 ] MTA29 7D 175 125 } MSA29,PPD
5= 136 94 ~» MTA30 7E 176 126 ~ MSA30,PPD
5F 137 95 _ UNT F 177 127 DEL

PPE Parallel Poll Enable SPE Serial Poll Enable

PPU Parallel Poll Unconfigure TCT Take Control

SbC Selected Device Clear UNL Unlisten

SPD Serial Poll Disable UNT Untalk
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Appendix B
Common Errorsand Their Solutions

Some errors occur more frequently than others. These common errors and
their solutions are listed in this appendix, according to the error code that is
returned from the function asindicated by i ber r . A full explanation of all
possible errors can be found in the Error Variable-iberr discussion in
Chapter 3, Understanding the NI-488.2M Software. Also in this appendix
are descriptions of error situations that do not return an error code.

ECIC(2)

Error Condition: Function requires GPIB board to be Controller-In-
Charge.

Solutions:

* Runi bconf and make sure the board being used (gpi b0 or gpi b1)
is configured to be the System Controller.

e If executing board functions, call i bsi ¢ to become Controller-In-
Charge before any other function calls that require that capability.

e If control has been passed with an i bpct call, wait for it to be
returned with the i bwai t function.

ENOL (2)

Error Condition: Function detected no Listeners.
Solutions:

e Check that the device is powered on and also that at least two-thirds of
the devices on the GPIB are turned on.

*  Inspect the interconnecting cable to see that the devices are attached
and that the connectors are seated properly.
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Common Errorsand Their Solutions Appendix B

Check the switches or control panel of the device and make sure its
GPIB addressiswhat you think it is. Check aso whether the device
uses extended addressing and requires a primary and secondary
address. (Some devices use multiple secondary addressesto enable
different internal functions).

For device write functions, runi bconf and check that the address of
the device (including the secondary address) is correct. If achangeis
made, restart the system. Thenrun i bi ¢ to verify that the addressis
correct, as follows. Open the device you want to write to using

i bf i nd and executei bpad and i bsad calls, passing each the
address value you believe is correct. If secondary addressing is not
used, pass avalue of zeroto the i bsad function. Assuming these calls
do not return with an error, i bi ¢ will return the previous address
value, which will be the same as the new one if you have correctly
configured the device.

For board write functions, make sure the device is addressed properly
using the i bcnd function before the write call. Verify that the low
five bits of the listen address (and, if appropriate, the secondary
address) used inthe i bend call match the GPIB address(es) of the
device and aso that the listen address is in the range 20 through 3E hex
(32 through 62 decimal) and the secondary addressis in the range 60
through 7E hex (92 through 126 decimal).

EADR(3)

Error Condition: GPIB board (gpi b0 or gpi b1) isnot addressed

correctly.

Solutions:

Usei bend to send the appropriate Talk or Listen address before
attemptingani bwrt oribrd.

If calling i bgt s with the shadow handshake feature, call i bcac to
ensure that the GPIB ATN lineis asserted.
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Appendix B Common Errorsand Their Solutions

EARG(4)

Error Condition: Invalid argument to function call.
Solutions:
*  Errorsreceived fromi bi c:

- Verify syntax in Chapter 6 of this manual, ibic.

- Make surethe GPIB address of theboard in i bconf does not
conflict with that of adevice.

e Errorsreceived when running your application program:
- Verify syntax in Chapter 4, NI -488.2M Software Characteristics
and Routines and Chapter 5, NI -488M Software Characteristics
and Functions in this manual.

- Make sure the GPIB address of the board in i bconf does not
conflict with that of adevice.

ESAC(5)
Error Condition: GPIB board not System Controller as required.

Solutions:

*« Runi bconf and make sure the board (gpi b0 or gpi bl)is
configured to be System Controller.

e Issueaboardi br sc function call with avalue of 1 to request System
Control.

EABO(6)

Error Condition: 1/O operation aborted.
Solutions:

e Check that the device is powered on.
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e Verify proper cable connections.
* Errorsreceived fromi brd:

- Some deviceswill not send data unless they have received data
telling them what to send. Thisis caused by devices having the
capability of sending several types of data. Issuean i bwrt to set
up thedeviceand then ani br d to receive the information.

- If you have not changed any of the default EOS or EOI settingsin
i bconf , the reads will terminate when the buffer is full or when
EOIl isset. If your device sends an EOS termination character

such as a carriage return rather than EOI, then usei bconf to
change the device characteristics.

ENEB(7)

Error Condition:  Non-existent GPIB board.

Solution:

* Runi bconf and make sure the base 1/0 address of the board matches

the hardware address switch settings. i bconf will display the proper
switch settings for the selected base address.

EDMA(8)

Error Condition: EDMA indicates that a DMA hardware error
occurred during an |/O operation.

EBTO(9)

Error Condition: ~ EBTO indicates that a hardware bus timeout occurred
during an /O operation. Thisisusually the result of
an attempt by aDMA Controller to access non-
existent memory.
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ECAP(11)

Error Condition: ECAP results when a particular capability has been
disabled in the driver and acall is made that attempts
to make use of that capability.

Solution:

*« Runi bconf and verify that the capability to do a particular call is

enabled (for example, the interface board must be configured as System
Controller to execute the i bsr e function). Check both device and

board capabilities. Restart after leaving i bconf if you made any
changes.

EFSO(12)

Error Condition: File system error.
Solutions:

e Check the disk files to make sure names are properly specified and that
thefile exists.

* |If moreroom is needed on the disk, delete somefiles.

¢ Rename any files which have the same name as a device named in
i bconf , or rename the device.

EBUS(14)

Error Condition: Command byte transfer error.
Solutions:

e Find out which deviceis abnormally slow to accept commands and fix
the problem with the device.

e If moretimeis needed to send commands, lengthen the time limit in
i bconf orwithi bt no.
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ESTB(15)

Error Condition: Serial poll status byte(s) lost.
Solutions:

e Cdlibrsp moreoften to read the status bytes.

e Ignore ESTB.

ESRQ(16)

Error Condition: SRQ stuck in the ON position.

Solutions:

e Ignore ESRQ until al devices are found. ESRQ occurred because the
device asserting SRQ was not opened with i bf i nd. The automatic
serial polling function polls only the opened devices.

e Check that you have used i bf i nd to open all devices on the GPIB
that could assert SRQ. Remove any device from the bus that is not
being accessed.

e Usingi bi ¢, attach one device at atime and determine that it is
unasserting SRQ after being polled.

* Inspect the interconnecting cable to see that the devices are attached
and that the connectors are seated properly.

ETAB(20)

Error condition: Table problem.
Solutions:
e FortheFi ndLst n routine, thisisawarning and not an error

condition. You can either ignore this message or increase the size of
the buffer.
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«  For the Fi ndRQS routine, this error indicates that none of the specified
devices are requesting services. Check to be sure that the device list
contains the addresses of all on line devices. Also, Fi ndRQS should
normally be called only when the SRQ lineis asserted. Usethe
Test SRQ or Wai t SRQ routines to determine the state of SRQ.
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Appendix C
Redirection to the GPIB

Access to GPIB devicesis controlled by the driver, which usesinternal tables of
device-specific information. Standard drivers support up to two boards and 16
devices. A device can be assigned any board to use asits access board. The
utility i bconf isused to edit theinternal board and device tables.

The device tables contain information such as GPIB primary and secondary
addresses, end-of-string modes, and timeout limits. Once thisinformation is
properly set up, it is possible to communicate with GPIB devices without any
knowledge of GPIB protocol. Shell commands such as the following will work as
expected:

cat file > /dev/gpibplotter
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Appendix D
Operation of the GPIB

Communication among interconnected GPIB devices is achieved by passing
messages through the interface system.

Types of M essages

The GPIB carries device-dependent messages and interface messages.

«  Device-dependent messages, often called data or data messages,
contain device-specific information such as programming instructions,
measurement results, machine status, and datafiles.

¢ Interface messages manage the bus itself. They are usually called
commands or command messages. Interface messages perform such
tasks asiinitializing the bus, addressing and unaddressing devices, and
setting device modes for remote or local programming.

The term command as used here should not be confused with some device
instructions which can also be called commands. Such device-specific
instructions are actually data messages.

Talkers, Listeners, and Controllers

A Talker sends data messages to one or more Listeners. The Controller
manages the flow of information on the GPIB by sending commandsto all
devices.

Devices can be Listeners, Talkers, and/or Controllers. A digital voltmeter,
for example, isaTaker and may be a Listener aswell.

The GPIB isabus like an ordinary computer bus, except that the computer

hasits circuit cards interconnected via a backplane bus, whereas the GPIB
has standal one devices interconnected via a cable bus.
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Therole of the GPIB Controller can also be compared to the role of the
CPU of a computer, but a better analogy is to the switching center of acity
telephone system.

The switching center (Controller) monitors the communications network
(GPIB). When the center (Controller) notices that a party (device) wantsto
make acall (send a data message), it connects the caller (Talker) to the
receiver (Listener).

The Controller addresses a Talker and a Listener before the Talker can send
its message to the Listener. After the message is transmitted, the Controller
may unaddress both devices.

Some bus configurations do not require a Controller. For example, one
device may aways be a Talker (called a Talk-only device) and there may be
one or more Listen-only devices.

A Controller is necessary when the active or addressed Talker or Listener
must be changed. The Controller function is usually handled by a
computer.

With the GPIB interface board and its software your personal computer
plays all threeroles.

e Controller - to manage the GPIB
o Talker - to send data

¢ Listener - to receive data

The Controller-1n-Charge and System Controller

Although there can be multiple Controllers on the GPIB, only one
Controller at atimeis active or Controller-In-Charge (CIC). Active control
can be passed from the current CIC to an idle Controller. Only one device
on the bus, the System Controller, can make itself the CIC. The GPIB
interface board is usually the System Controller.
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GPIB Signalsand Lines

The interface system consists of 16 signal lines and 8 ground return or
shield drain lines.

The 16 signal lines are divided into the following three groups.
e Eight datalines
e Three handshake lines

e Fiveinterface management lines

DatalLines

The eight data lines, DI01 through D108, carry both data and command
messages. All commands and most data use the 7-bit ASCII or SO code
set, in which case the eighth bit, DI08, is unused or used for parity.

Handshake Lines

Three lines asynchronously control the transfer of message bytes among
devices. The processis called athree-wire interlocked handshake, and it
guarantees that message bytes on the data lines are sent and received
without transmission error.

NRFD (not ready for data)

NRFD indicates when a deviceis ready or not ready to receive a message
byte. Thelineisdriven by al devices when receiving commands and by
Listeners when receiving data messages.

NDAC (not data accepted)

NDAC indicates when a device has or has not accepted a message byte.

Thelineisdriven by all devices when receiving commands and by
Listeners when receiving data messages.
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DAV (datavalid)

DAYV tellswhen the signals on the data lines are stable (valid) and can be
accepted safely by devices. The Controller drives DAV when sending
commands and the Talker drivesit when sending data messages.

Interface Management Lines

Five lines are used to manage the flow of information across the interface.

ATN (attention)

The Controller drives ATN true when it uses the data lines to send
commands and false when it allows a Talker to send data messages.

IFC (interface clear)

The System Controller drivesthe IFC line to initialize the bus and become
CIC.

REN (remote enable)

The System Controller drives the REN line, which is used to place devices
in remote or local program mode.

SRQ (servicerequest)

Any device can drive the SRQ line to asynchronously request service from
the Controller with the SRQ line.

EOI (end or identify)

The EOI line has two purposes. The Talker usesthe EQOI line to mark the

end of amessage string. The Controller uses the EQI lineto tell devicesto
identify their response in a parallel poll.
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Physical and Electrical Characteristics

Devices are usually connected with a cable assembly consisting of a
shielded 24 conductor cable with both a plug and receptacle connector at
each end. Thisdesign alows devicesto belinked in either alinear or a star
configuration, or acombination of the two. See Figures D-1, D-2, and D-3.

The standard connector is the Amphenol or Cinch Series 57 Microribbon or
Amp Champ type. An adapter cable using a non-standard cable and/or
connector is used for special interconnection applications.

The GPIB uses negative logic with standard TTL logic level. When DAV is

true, for example, itisaTTL low level ( <0.8V), and when DAYV isfase, it
isaTTL highleve (= 2.0V).
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N

N
DIO1 1] 13 DIO5
DIO2 2| 14| Dpios
DIO3 3] 15 DIO7
DIO4 4 16| | pios
EQI 5 17 REN
DAV 6| 18| [ GND (twisted with DAV)
NRFD 7 19 GND (twisted with NRFD)
NDAC 8 2Vl | GND (twisted with NDAC)
IFC of 21] | GND (twisted with IFC)
SRQ 100 221 GND (twisted with SRQ)
ATN 11) 23] | GND (twisted with ATN)
Shield 121 24| | signa Ground
N

Figure D-1. GPIB Connector and the Signal Assignment
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Device A

Device B

Device C

Figure D-2. Linear Configuration
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Appendix D

Device &

Deuiceﬂ‘

Device E‘

Device D

Figure D-3. Star Configuration
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Configuration Requirements

To achieve the high data transfer rate that the GPIB was designed for, the
physical distance between devices and the number of devices on the bus are
limited.

The following restrictions are typical.

¢ A maximum separation of four meters between any two devices and an
average separation of two meters over the entire bus.

¢ A maximum total cable length of 20 meters.

+ No morethan 15 devices connected to each bus, with at least two-thirds
powered on.

Bus extenders are available from National Instruments for use when these
limits must be exceeded.

Related Document

For more information on topics covered in this section, consult IEEE
Sandard Digital Interface for Programmable I nstrumentation, ANSI/IEEE
Std. 488.1-1992.
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Appendix E
Customer Communication

For your convenience, this appendix contains forms to help you gather the
information necessary to help us solve technical problems you might have
aswell as aform you can use to comment on the product documentation.
Filling out a copy of the Technical Support Form before contacting National

Instruments helps us help you better and faster.

National Instruments provides comprehensive technical assistance around
theworld. Inthe U.S. and Canada, applications engineers are available
Monday through Friday from 8:00 am. to 6:00 p.m. (central time). In other
countries, contact the nearest branch office. Y ou may fax questions to us at

any time.

Corporate Headquarters: (512) 795-8248

Technical Support Fax:

Branch Offices
Australia
Austria

Belgium
Canada (Ontario)
Canada (Quebec)
Denmark
Finland

France
Germany

Hong Kong
Italy

Japan

Korea

Mexico
Netherlands
Norway
Singapore
Spain

Sweden
Switzerland
Taiwan

UK.

(512) 794-5678

Phone Number
0398799422
0662 4579900
02 757 00 20
519 622 9310
514 694 8521
457626 00

90 527 2321
148142424
089 741 31 30
2645 3186

02 413091

03 5472 2970
02 596 7456

95 800 010 0793
0348 433466
32848400
2265886

91 640 0085

08 73049 70
056 200 51 51
02 377 1200
01635 523545
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Fax Number
0398799179
0662 45 79 90 19
02 75703 11

514 694 4399
4576 26 02
90 502 2930
148142414
089 714 60 35
2686 8505

02 41309215
0354722977
02 596 7455
5520 3282
0348 430673
32848600
2265887

91 640 0533
0873043 70
056 20051 55
02 737 4644
01635 523154
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Technical Support Form

Photocopy this form and update it each time you make changes to your
software or hardware, and use the completed copy of thisform asa
reference for your current configuration. Completing this form accurately
before contacting National Instruments for technical support helps our
applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products

related to this problem, include the configuration forms from their user
manuals. Include additional pagesif necessary.

Name

Company

Address

Fax (__) Phone (___ )

Computer brand

Model Processor

Operating system

Speed MHz RAM MB

Display adapter
Mouse yes no
Other adaptersinstalled

Hard disk capacity MB Brand

Instruments used

National Instruments hardware product model

Revision

Configuration

(continues)



National Instruments software product

Version

Configuration

Theproblemis

List any error messages

The following steps will reproduce the problem




NI-488.2M Hardware and Software
Configuration Form

This appendix contains the form you use if you have completed all the
necessary steps for installing and configuring the hardware and/or software
and the hardware and/or software installation and configuration still fail.
Complete the following form and then call National Instruments for
technical support.

By completing this form before calling National Instruments, you will save
yourself time. The form contains the items of information that the
applications engineers require from you in order to solve your problem.

To complete the form, briefly jot down the information requested on the
lineto the right of the item. By completing this form accurately, you make

it possible for our applications engineers to answer your questions
accurately and efficiently.

National Instruments Products

® NI-488.2M Software Revision Number on Disk:

® Application Programming Language (BASICA, QuickBASIC, C,
Pascal, and so on):

®  Programming Language Interface Revision:

®* Typeof National Instruments GPIB boards installed and their
respective hardware settings:

Interrupt DMA Base 1/O
Board Type Level Channel Address

(continues)



Other Products

® Computer Make and Model:

®  Microprocessor:

® Clock Freguency:

®* Typeof Monitor Card Installed:

®  Qperating System Version:

® Other Boardsin System:

® Basel/O Address of Other Boards:
® DMA Channels of Other Boards:

® Interrupt Level of Other Boards:




Documentation Comment Form

National Instruments encourages you to comment on the documentation
supplied with our products. Thisinformation helps us provide quality
products to meet your needs.

Title:  NI-488.2M Softwar e Reference Manual

Edition Date; February 1996

Part Number: 320351B-01

Please comment on the completeness, clarity, and organization of the
manual.

(continues)



If you find errors in the manual, please record the page numbers and
describe the errors.

Thank you for your help.
Name

Title

Company

Address

Phone ( )

Mall to: Technical Publications
National Instruments Corporation
6504 Bridge Point Parkway
Austin, TX 78730-5039

Fax to: Technical Publications
National Instruments Corporation
(512) 794-5678



Glossary

Prefix Meaning Value
n nano- 109
H- micro- 106
m- milli- 103
A
AC aternating current
acceptor handshake A GPIB interface function that receives data or
commands. Listeners use this function to
receive data, and all devices useit to receive
commands. See source handshake and
handshake.
access board The GPIB board that controls and communicates
with the devices on the bus that are attached to it.
ANSI American National Standards Institute
ASCII American Standard Code for Information

ATN or attention

automatic serial polling

Interchange

A GPIB line that distinguishes between
commands and data messages. When ATN is
asserted, bytes on the GPIB DIO lines are
commands.

A feature of the NI-488M software in which
serial polls are executed automatically by the
driver whenever adevice asserts the GPIB SRQ
line.
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B

board One of the GPIB interface boards in the
computer. See device.

board function A function that operates on or otherwise pertains
to one of the GPIB interface boardsin the
computer. These boards are referred to as
gpi b0, gpi b1, and so on. See device function.

C

CIC See controller.

command Common term for interface message.

or command message

configuration The process of atering the software parameters
in the driver that describe the key characteristics
of the devices and boards that are manipulated
by the driver. By keeping thisinformation, such
as GPIB address, in the driver, it does not have
to be defined in each application program.
i bconf isthe NI-488M configuration program.

controller The device that manages the GPIB by sending
or controller-in-charge  interface messages to other devices.

CPU central processing unit

D

data or data message Common term for device-dependent message.

DAYV or datavalid One of the three GPIB handshake lines. See
handshake.

DCL or device clear The GPIB command used to reset the device or
internal functions of all devices. SeelFC and
DC.
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declaration file

device

device clear

device-dependent
message

device function

DI0O1 through DIO8

DMA
or direct memory access

driver

DVM

END
or end message

Glossary

An NI-488M filethat contains code that must be
placed at the beginning of an application
program to alow it to properly access the driver.
ugpi b. h isthe declaration file for programs
writtenin C. Seelanguage interface.

An instrument, peripheral, computer, or other
electronics equipment that can be programmed
over the GPIB. Seeboard.

See DCL.

A message sent from one device to another
device, such as programming instructions, data,
or device status. See command or interface
message.

A function that operates on or otherwise pertains
to a GPIB device rather than to the GPIB
interface board in the computer. See board
function.

The GPIB linesthat are used to transmit
command or data bytes from one deviceto
another.

High-speed data transfer between the GPIB
and memory that is not handled directly by the
CPU. Not available on some systems. See
programmed I/O.

Common term for software used to manipulate a
device or interface board.

digital voltmeter

A message that signals the end of a data string.
END is sent by asserting the GPIB End Or
Identify (EOI) line with the last data byte.
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Glossary

EQI

EOS or EOS byte

FIFO

G

General Purpose
Interface Bus

GET
or group execute trigger

gotoloca

GPIB

GPIB address

GPIB board

group execute trigger

GTL or
gotoloca

NI-488.2M Reference Manual

A GPIB linethat is used to signal either the last
byte of a data message (END) or the parallel poll
identify (IDY) message.

A 7- or 8-bit End-Of-String character that is sent
asthelast byte of a data message.

first-in-first-out

See GPIB.

The GPIB command used to trigger adevice or
internal function of an addressed listener.

See GTL.

General Purpose Interface Bus is the common
name for the communications interface system
defined in |EEE Std 488. Hewlett-Packard, the
inventor of the bus, callsit the HP-IB.

The address of adevice on the GPIB, composed
of aprimary address (MLA and MTA) and
perhaps a secondary address (MSA). The GPIB
board has both a GPIB address and an I/O
address.

Reference to the National Instruments family of
GPIB interface boards.

See GET.

The GPIB command used to place an addressed
Listener in local (front panel) control mode.
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handshake

high-level function

i bcnt

i bconf

i berr

i bic

i bst a

|EEE 488

Glossary

The mechanism used to transfer bytes from the
source handshake function of one deviceto the
acceptor handshake function of another device.
The three GPIB lines DAV, NRFD, and NDAC
are used in an interlocked fashion to signal the
phases of the transfer, so that bytes can be sent
asynchronously (for example, without a clock) at
the speed of the slowest device.

A device function that combines several
rudimentary board operations into one function
s0 that the user does not have to be concerned
with bus management or other GPIB protocol
matters. See low-level function.

The global variable that is updated after each I/0
function call to show the actual number of bytes
sent or received. i bent isafull 32 bit
representation.

The NI-488.2M driver configuration program.
See configuration.

A global variable that contains the specific error
code associated with afunction call that failed.

The Interface Bus Interactive Control program is
used to communicate with GPIB devices,
troubleshoot problems, and develop your
application.

A global variable that is updated at the end of
each function call with important status
information such as the occurrence of an error.

Institute of Electrical and Electronic Engineers
Standard 488-1978
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Glossary

IFC or interface clear

interface message

1/0 or input/output

1/0O address

L
LAD or listen address

language interface

listen address

listener

LLO
or local lockout

NI-488.2M Reference Manual G-6

A GPIB line used by the system controller to
initialize the bus. See DCL and DC.

A broadcast message sent from the controller to
all devices and used to manage the GPIB.
Common interface messages include I nterface
Clear, listen addresses, talk addresses, and Serial
Poll Enable/Disable. See data or device-
dependent message.

In the context of this manual, the transmission of
commands or messages between the computer
viathe GPIB board and other devices on the
GPIB.

The address of the GPIB board from the point of
view of the CPU, as opposed to the GPIB
address of the GPIB board. Also called port
address or board address.

International Standards Organization

Anindividual status bit of the status byte used in
the parallel poll configure function.

See MLA.

Code that enables an application program
ci b. c tocal driver functions. ci b. c isthe
language interface for C.

See MLA.

A GPIB device that receives data messages from
atalker.

The GPIB command used to tell al devices that
they may or should ignore remote (GPIB) data
messages or local (front panel) controls,
depending on whether the deviceisin local or
remote program mode.

© National Instruments Corp.



low-level function

M

MB

MLA

or my last address

MSA
or my secondary address

MTA
or my talk address

N

NDAC
or not data accepted

NRFD
or not ready for data

O

opened device or board

Glossary

A rudimentary board or device function that
performs asingle operation. See high-level
function.

Megabytes of memory.

The GPIB command used to address a device to
be alistener. There are 31 of these primary
addresses.

The GPIB command used to address a device to
be alistener or atalker when extended (two
byte) addressing is used. The complete address
isan MLA or MTA address followed by an
MSA address. There are 31 of these secondary
addresses for atotal of 961 distinct listen or talk
addresses for devices.

A GPIB command used to address a device to be
aTaker. There are 31 of these primary
addresses.

One of the three GPIB handshake lines. See
handshake.

One of the three GPIB handshake lines. See
handshake.

A device or board that has been enabled or
placed online by thei bf i nd function.
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Glossary

p
PC

parallel poll

paralel poll configure
parallel poll disable
parallel poll enable
parallel poll unconfigure
PIO

port address

PPC
or paralel poll configure

PPD
or parallel poll disable

PPE
or paralel poll enable

PPU
or parallel pall
unconfigure

programmed /O

personal computer

The process of polling all configured devices at
once and reading a composite poll response. See
serial poll.

See PPC.

See PPD.

See PPE.

See PPU.

programmed 1/0O

See 1/O address.

The GPIB command used to configure an
addressed listener to participate in polls.

The GPIB command used to disable a configured
device from participating in polls. There are 16
PPD commands.

The GPIB command used to enable a configured
deviceto participate in polls and to assign aDIO
responseline. Thereare 16 PPE commands.

The GPIB command used to disable any device
from participating in polls.

L ow-speed data transfer between the GPIB
board and memory in which the CPU moves
each data byte according to program instructions.
See DMA.
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R
REN
or remote enable

root directory

S

SCPI

SCS|

SDC

or selected device clear
S

serial poll

serial poll disable
serial poll enable
service request

source handshake

SPD
or serial poll disable

© National Instruments Corp.

Glossary

A GPIB line controlled by the System Controller
but used by the CIC to place devicesin remote
program mode.

The top-level directory on ahard disk.

Standard Commands for Programmable
Instruments

Small Computer System Interface (bus)

The GPIB command used to reset internal or
device functions of an addressed Listener. See
DCL and IFC.

seconds

The process of polling and reading the status
byte of one device at atime. See paralld poll.

See SPD.

See SPE.

See RQ.

The GPIB interface function that transmits data
and commands. Talkers use this function to send
data, and the controller usesit to send
commands. See acceptor handshake and
handshake.

The GPIB command used to cancel an SPE
command.
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Glossary

SPE
or serial poll enable

SRQ
or service request
startup drive

status byte

status word

system controller

T1

TAD or talk address

talker

TCT
or take control

timeout

NI-488.2M Reference Manual G-10

The GPIB command used to enable a specific
deviceto be polled. That device must also be
addressed to talk. See SPD.

The GPIB line that a device asserts to notify the
CIC that the device needs servicing.

The hard disk that is used to start up the
computer.

The data byte sent by adevice when it is serialy
polled.

Sameasi bst a. Seeibsta

The single designated controller that can assert
control (become CIC of the GPIB) by sending
the Interface Clear (IFC) message. Other
devices can become CIC only by having control
passed to them.

A GPIB timing parameter primarily associated
with the data settling time—that is, the timein
which new bytes on the DIO lines are allowed to
settle before the DAV signal isasserted. T1
ranges from 350 nsto above 2 ps.

See MTA.

A GPIB device that sends data messages to
listeners.

The GPIB command used to pass control of the
bus from the current Controller to an addressed
Taker.

A feature of the NI-488.2M driver that prevents

1/0 functions from hanging indefinitely when
there is a problem on the GPIB.
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TLC

TTL

ud

ULI

unit descriptor

UNL or unlisten

UNT or untalk

Glossary

An integrated circuit that implements most of the
GPIB Talker, Listener, and Controller functions
in hardware.

transistor-transistor logic

A variable name and first argument of each
function call that contains the unit descriptor of
the GPIB interface board or other GPIB device
that isthe object of the function. See unit
descriptor.

universal language interface

A number that is used by the driver to
temporarily identify a device or board that has
been opened with the i bf i nd function. The
descriptor is not related to the GPIB address of
the unit.

The GPIB command used to unaddress any
active listeners.

The GPIB command used to unaddress an active
talker.
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| ndex

Symbols

I (Repeat Previous Function), 6-17 to 6-18
$ (Execute Indirect File) function, 6-19

+ (Turn ON Display), 6-18

- (Turn OFF Display) function, 6-18

A

access board, 2-3, 5-5
names, 2-8
addressing, 2-6, 2-8, 3-13. Seealso listen address; primary GPIB address;
secondary GPIB address; talk address.
AllSpall, 4-8,6-11
application programs, 2-14
example, 5-9
ATN, 3-7,3-9,3-14,D-4
auto serial polling, 2-12
automatic seria poll, 5-2to5-5
compatibility, 5-4
autopolling. See automatic serial polling.
auxiliary functions supported by ibic, 6-16 to 6-20

B

base I/0 address, 2-8, 3-15

board functions, 3-3to 3-4, 3-7, 5-4
example program, 5-96 to 5-99
inibic, 6-23to 6-25

buffered DMA transfers, 2-14

businitialization, 4-23

bus management, 3-2, 4-2, 4-3

byte count inibic, 6-16
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C

C, 214
application programming. See programming with NI-488 functions.
GPIB programming example, 4-37
NI-488.2 routines. See NI-488.2 routines.
NI -488 functions, 5-5to 5-99
program examples. See programming with NI-488 functions: examples.
programming, 3-18to 3-20
cablelength, 2-12
cib.c, 3-18
CIC, 37,39, 3-11, 3-13, 3-14, 3-19
clear device, 4-5,5-5
clear GPIB interface functions, 4-7
cmd, 3-3
CMPL, 3-7,3-9
command messages, D-1
command operations, 2-12
configuration, physical, D-5to D-9
linear, D-7
star, D-8
connecting adevice, 2-4
control
multiple device, 4-2, 4-3
passing, 4-6, 5-6
simple device, 4-2,4-3
controller, 5-2, D-1to D-2
sequences and protocols, 3-1
controller-in-charge, 5-2, D-2. See CIC.
count variables. Seeibcnt.

D

DABend, 3-17

datalines, D-3

data messages, D-1
datastrings, 2-11

DAV, 2-12,D-4

DCAS, 3-7,3-10, 3-11, 3-19
default configurations, 2-7
default values of the driver, 2-8
DevClear, 4-5, 4-9, 6-11
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DevClearList, 4-5,4-10, 6-11
device address. See primary GPIB address.
deviceclear, 3-10, 3-14, 3-19
device descriptor, 3-4, 3-14
devicedriver, 2-14
device functions, 3-2, 3-3to 3-4, 3-4, 3-7, 3-15, 5-1 t0 5-2
example program, 5-92 to 5-95
inibic, 6-22t06-23
deviceinitialization, 4-23
device maps, 2-4. Seealso upper level device map for board GPIBx.
device names, 2-7
device switch settings, 3-13
devicetrigger, 3-10, 3-19
device write, 3-13
device-dependent (data) messages, 3-17
device-dependent messages, D-1
disable auto seria polling, 2-12
disconnecting adevice, 2-4
DMA, 3-15
controller, 3-15
enable/disable, 5-5
mode, 2-13
transfers, 2-13
driver. Seedevicedriver.
DTAS, 3-7,3-10, 3-11, 3-19

E

EABO, 3-11, 3-14to 3-15, B-3to B-4
EADR, 3-11, 3-14, B-2

EARG, 3-11, 3-14, B-3

EBTO, 3-11, 3-15, B-4

EBUS, 3-12, 3-15t0 3-16, B-5
ECAP, 3-12, 3-15, B-5

ECIC, 3-11, 3-12t0 3-13, B-1

ECIC error, 5-2

editing board or device characteristics, 2-5
EDMA, 3-11, 3-15,B-4

EDVR, 3-11, 3-12

EFSO, 3-12, 3-15, B-5

electrical characteristics, D-5to D-8
Enablelocal, 3-9, 4-5, 4-11, 6-11
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EnableRemote, 3-14, 4-5, 4-12, 6-11
END, 3-7, 3-8, 3-11, 3-15
END message, 2-8, 3-17
enable/disable, 5-5
End-Of-String. See EOS.
ENEB, 3-11, 3-15, B-4
ENOL, 3-11, 3-13,B-1to B-2
EOI, 2-5,3-8,317,D-4
set EOI with EOS on write, 2-11
set EOI with last byte of write, 2-11
set with last byte of write, 2-11
EOS, 2-5,2-8, 3-8, 3-17
adding, inibic, 6-8
change/disable mode, 5-5
EOS byte, 2-10to 2-11
set EOIl with EOS on write, 2-11
terminate READ on EOS, 2-11
type of compare on EOS, 2-11
ERR, 3-7,3-8,3-11
error codes. Seealsoiberr.
condition, 3-8
inibic, 6-15
variable, 3-11to 3-12. Seealso iberr errors.
common, B-1toB-7
ESAC, 3-11, 3-14,B-3
ESRQ, 3-12, 3-16, 5-3, 5-4, B-6
ESTB, 3-12, 3-16, 5-3, B-6
ETAB, 3-12, 3-16, B-6to B-7
event signal, 3-18
examining board or device characteristics, 2-5to 2-7
extended addressing, 2-9

F

file operations, 3-15

FindLstn, 3-16, 4-6, 4-13, 6-12

FindRQS, 3-16, 4-6, 4-14, 6-12

function calls, 3-14

functions, 2-14, 3-2to 3-11. Seealso NI-488.M functions.
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G

gotolocal, 3-9
GPIB, 1-1
bustiming, 2-12
cable, 2-12
connector, D-6
interface functions, 4-7
lines, 5-6, D-3to D-4
data, D-3
handshake, D-3
interface management, D-4
operation, D-1to D-9
signals, D-3to D-4
SRQ line, 3-8
group execute trigger, 3-10

H

driver, 2-1, 2-13, 4-1,5-2
driver functions, 3-18
handshake lines, D-3
helpinibic, 6-17
high-speed timing, 2-5

1/0, 3-14 to 3-15
address, 3-15
cals, 5-5
low level, 4-2t04-3
multiple device, 4-2, 4-3
operations, 3-8, 3-9, 3-15
SendList, 6-3
simple device, 4-2,4-3
termination, 2-11
timeout, 4-5

ibask, 5-5,5-111t05-20

ibbna, 5-5,5-21, 6-10

ibcac, 3-13, 5-5, 5-22, 6-10
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ibclr, 5-5,5-23, 6-10
ibcmd, 2-9, 3-3, 3-13, 3-14, 5-5, 5-24 t0 5-25, 6-10
ibcnt, 3-6, 3-12, 3-15, 3-17, 6-1, 6-9
ibconf, 3-4, 3-12, 3-13, 3-14, 3-16, 4-5
access board names, 2-8
default configurations, 2-7
default values of the driver, 2-8
device names, 2-8
exiting, 2-13
lower level device/board characteristics, 2-5
addressing, 2-6, 2-8
auto seria polling, 2-5, 2-12
change characteristics, 2-6
DMA mode, 2-13
END message, 2-8
EOQI, 2-5
EOS, 2-5
explanation of field, 2-7
GPIB bustiming, 2-12
help, 2-7
high-speed timing, 2-5
primary GPIB address, 2-9
reset value, 2-7
return to map, 2-7
secondary GPIB address, 2-9
set EOI with EOS on write, 2-11
set EOI with last byte of write, 2-11
system controller, 2-5,2-7, 2-12
terminate READ on EOS, 2-11
timelimit on 1/0 and wait function calls, 2-8
timeout settings, 2-5
type of compare on EOS, 2-11
UNIX signal, 2-5, 2-13
upper level device map for board GPIBx, 2-3t02-5
connecting adevice, 2-4
device maps, 2-4
disconnecting adevice, 2-4
editing board or device characteristics, 2-5
examining board or device characteristics, 2-4
exiting, 2-5
help, 2-4
renaming adevice, 2-4
ibconfig, 5-5, 5-26t0 5-35
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ibdev, 3-4,5-4, 5-5, 5-36 to 5-37, 6-5 t0 6-7, 6-10
ibdma, 5-5, 5-38, 6-10
ibeos, 3-14, 5-5, 5-39to 5-41, 6-10
ibeot, 5-5, 5-42t0 5-43, 6-10
iberr, 3-6, 3-8, 3-11to 3-16, 6-1, 6-9
EABO, 3-11, 3-14t0 3-15
EADR, 3-11, 3-14
EARG, 3-11, 3-14
EBTO, 3-11, 3-15
EBUS, 3-12,3-15t03-16
ECAP, 3-12,3-15
ECIC, 3-11, 3-12t0 3-13
EDMA, 3-11, 3-15
EDVR, 3-11, 3-12
EFSO, 3-12, 3-15
ENEB, 3-11, 3-15
ENOL, 3-11, 3-13
ESAC, 3-11, 3-14
ESRQ, 3-12, 3-16
ESTB, 3-12, 3-16
ETAB, 3-12, 3-16
ibfind, 3-4, 3-12, 5-4, 5-5, 5-44 to 5-45, 6-4, 6-10
ibgts, 3-8, 3-10, 3-13, 3-14, 5-6, 5-46, 6-10
ibic, 2-14, 3-6, 6-1to 6-25
auxiliary functions supported, 6-16 to 6-19
board functions
sample programs, 6-23 to 6-25
byte count, 6-16
device functions
sample programs, 6-22 to 6-23
EQS, adding, 6-8
error, 6-15
execute indirect file, 6-19
exiting, 6-8, 6-20
functions, 6-9to 6-11
ibbna, 6-10
ibcac, 6-10
ibclr, 6-10
ibcmd, 6-10
ibent, 6-9
ibdev, 6-51t06-7, 6-10
ibdma, 6-10
ibeos, 6-10
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ibeot, 6-10
ibfind, 6-4, 6-10
ibgts, 6-10
ibist, 6-10
iblines, 6-10
ibln, 6-10
ibloc, 6-10
ibonl, 6-10
ibpad, 6-10
ibpct, 6-11
ibppc, 6-11
ibrd, 6-7, 6-9, 6-11
ibrdf, 6-11
ibrpp, 6-11
ibrsc, 6-11
ibrsp, 6-11
ibrsv, 6-11
ibsad, 6-11
ibsic, 6-11
ibsre, 6-11
ibtmo, 6-11
ibtrg, 6-11
ibwrt, 6-7, 6-11
ibwrtf, 6-7
help, 6-4, 6-17
iberr, 6-9
ibsta, 6-9
instrument control, 3-6
print, 6-20
Receive, 6-3
repeat function, 6-19
repeat previous function, 6-17 to 6-18
routines, 6-11to 6-14
AllSpall, 6-11
DevClear, 6-11
DevClearList, 6-11
EnableLocal, 6-11
EnableRemote, 6-11
FindLstn, 6-12
FindRQS, 6-12
PassControl, 6-12
PPoll, 6-12
PPollConfig, 6-12
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PPollUnconfig, 6-12
RcvRespMsg, 6-12
ReadStatusByte, 6-12
Receive, 6-12
RecelveSetup, 6-12
ResetSys, 6-12
sample programs, 6-20 to 6-22
Send, 6-15
SendCmds, 6-12
SendDataBytes, 6-12
SendIFC, 6-12
SendList, 6-12
SendLLO, 6-12
SendSetup, 6-12
SetRWLS, 6-12
TestSRQ, 6-12
TestSys, 6-12
Trigger, 6-12
TriggerList, 6-12
WaitSRQ, 6-12
sample programs, 6-20 to 6-25
set, 6-3, 6-810 6-9
turn off display, 6-18
turn on display, 6-18
ibist, 5-6, 5-47, 6-10
iblines, 5-6, 5-48 to 5-49, 6-10
ibllo, 5-50
ibln, 3-12, 5-6, 5-51 to 5-52, 6-10
ibloc, 3-9, 5-6, 5-53 to 5-54, 6-10
ibonl, 3-11, 3-13, 5-6, 5-55 to 5-56, 6-10
ibpad, 3-14, 5-6, 5-57 to 5-58, 6-10
ibpct, 5-6, 5-59, 6-11
ibppc, 3-14, 5-6, 5-60to 5-61, 6-11
ibrd, 2-9, 3-3, 3-14, 5-5, 5-6, 5-62 to 5-63, 6-7, 6-9, 6-11
ibrdf, 3-15, 5-6, 5-64 to 5-65, 6-11
ibrpp, 3-12, 5-6, 5-66 to 5-68, 6-11
ibrsc, 3-14, 5-6, 5-69, 6-11
ibrsp, 2-11, 3-3, 3-9, 3-16, 5-3, 5-6, 5-70 to 5-71, 6-11
ibrsv, 5-6, 5-72, 6-11
ibsad, 3-13, 5-6, 5-73t0 5-74, 6-11
ibsgnl, 2-13, 3-18, 5-75t0 5-76
ibsic, 3-9, 3-13, 3-14, 5-6, 5-77, 6-11
ibsre, 3-14, 5-6, 5-78, 6-11
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ibsta, 3-6, 3-6t0 3-11, 3-13
ATN, 37,39
CIC, 37,39, 311
CMPL, 3-7,3-9
DCAS, 3-7,3-10, 3-11
DTAS, 3-7,3-10, 3-11
END, 3-7,3-8,3-11
ERR, 3-7,3-8,3-11
inibic, 6-1, 6-12, 6-14 to 6-15
LACS, 3-7,3-10, 3-11
LOK, 3-7,3-9, 3-11
REM, 3-7,3-9, 3-11
RQS, 3-7,3-8t039
SRQI, 3-7,3-8t03-9
TACS, 3-7,3-10, 3-11
TIMO, 3-7,3-8

ibtmo, 3-14, 3-15, 3-16, 4-5, 5-6, 5-79t0 5-81, 6-11

ibtrg, 5-6, 5-82, 6-11

ibwait, 2-9, 3-8, 3-9, 3-10, 3-13, 3-16, 5-3, 5-4, 5-6, 5-83 t0 5-85
ibwrt, 2-9, 2-13, 3-13, 5-5, 5-6, 5-86 to 5-87, 6-9, 6-11

ibwrtf, 3-15, 5-6, 5-88 to 5-89, 6-11
| EEE 488,

specification, 3-17
|IEEE 488.2, 3-1

1992 specification, 4-1
IFC, D-4. Sceinterfaceclear.
initializing GPIB system, 4-6
installation of software, 2-1
interactive control program, 2-14
interface businteractive control. Seeibic.
interface clear, 3-9, 3-13, 5-2, 5-6
interface management lines, D-4
interface messages, A-1to A-3, D-1
interrupt setting, 2-8

L

LACS, 3-7,3-10, 3-11, 3-19
language interface, 2-14

linear configuration, D-7

listen address, 2-9, 3-9, 3-10, 3-13
listener, 3-19, D-1to D-2
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listeners, find dl, 4-6
LLO. Seelocal lockout.
local, 5-6
lockout, 3-9, 3-19, 5-2
local, 3-9, 5-2
message, 4-7
LOK, 3-7,3-9, 3-11, 3-19
lower level device/board characteristics, 2-5to 2-6. See also ibconf.

M

message exchange initialization, 4-23
messages

device-dependent, D-1

interface, D-1
multiboard configuration, 5-2
multiboard GPIB system, 3-5
multiboard driver, 3-5
multiline interface messages, A-1to A-3
multiple device control, 4-2, 4-3
multiple device 1/O, 4-2, 4-3

N

NDAC, D-3
NI -488.2 routines, 3-1to 3-2, 3-4to 3-6, 4-1t0 4-43
AllSpoll, 4-5,4-8
compatibility with NI -488 board functions, 4-4
DevClear, 4-5, 4-8
DevClearList, 4-5, 4-10
EnableLocal, 4-5, 4-11
EnableRemote, 4-5, 4-12
FindLstn, 4-6, 4-13
FindRQS, 4-6, 4-14
ibic, 6-20to06-22
PassControl, 4-6, 4-15
PPoll, 4-6, 4-16
PPollConfig, 4-6, 4-17
PPollUnconfig, 4-6, 4-18
RcvRespMsg, 4-6, 4-19
ReadStatusByte, 4-6, 4-20
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Receive, 4-6, 4-21
ReceiveSetup, 4-6, 4-22
ResetSys, 4-6, 4-23
Send, 4-6, 4-24
SendCmds, 4-6, 4-25
SendDataBytes, 4-6, 4-26
SendIFC, 4-7,4-27
SendList, 4-7,4-28
SendLLO, 4-7, 4-29
SendSetup, 4-7, 4-30
SetRWLS, 4-7, 4-31
TestSRQ, 4-7, 4-32
TestSys, 4-7,4-33
Trigger, 4-7,4-34
trigger devices, 4-7
TriggerList, 4-7,4-35
WaitSRQ, 4-5, 4-7, 4-36
NI -488 board functions
compatibility with NI-488.2 routines, 4-4
NI -488 calls, 4-4
NI -488 functions, 3-2to 3-6, 5-1 to 5-99
ibask, 5-5,5-11t05-20
ibbna, 5-5, 5-21
ibcac, 5-5, 5-22
ibclr, 5-5,5-23
ibcmd, 5-5, 5-24 to 5-25
ibconfig, 5-5, 5-26t0 5-35
ibdev, 5-5, 5-36to 5-37
ibdma, 5-5, 5-38
ibeos, 5-5, 5-39to 5-41
ibeot, 5-6, 5-42 to 5-43
ibfind, 5-4, 5-5, 5-44to 5-45
ibgts, 5-6, 5-46
ibist, 5-6, 5-47
iblines, 5-6, 5-48to 5-49
ibllo, 5-50
ibln, 5-6, 5-51 to 5-52
ibloc, 5-6, 5-53t05-54
ibonl, 5-6, 5-55to 5-56
ibpad, 5-6, 5-57 to 5-58
ibpct, 5-6, 5-59
ibppc, 5-6, 5-60to 5-61
ibrd, 5-5, 5-6, 5-62 to 5-63
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ibrdf, 5-6, 5-64 to 5-65
ibrpp, 5-6, 5-66 to 5-68
ibrsc, 5-6, 5-69
ibrsp, 5-3,5-6,5-70t0 5-71
ibrsv, 5-6,5-72
ibsad, 5-6, 5-73t05-74
ibsgnl, 5-75t0 5-76
ibsic, 5-6, 5-77
ibsre, 5-6,5-78
ibwait, 5-3, 5-4, 5-6, 5-83 to 5-85
ibwrt, 5-5, 5-6, 5-86 to 5-87
ibwrtf, 5-6, 5-88to 5-89
NI -488 programming. See programming with NI -488.
NLend, 3-17
NRFD, D-3
NULLend, 3-17

O

offline, 5-6

online, 5-6

open device, 5-5

opening boards and devices, 3-4
operations from front of device, 4-5

P

parallel poll, 4-6, 5-6
configuring, 5-6
PassControl, 4-6, 4-15, 6-12
physical characteristics, D-5to D-8
PIO. Seeprogrammed 1/O.
PPoll, 4-6, 4-16, 6-12
PPollConfig, 4-6, 4-17, 6-12
PPollUnconfig, 4-6, 4-18, 6-12
primary address, 2-9, 5-6
programmed /O, 2-13
programming interactively, 2-14
programming with NI1-488, 5-7t05-9
analyzing and presenting data, 5-9
clearing the device, 5-7
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configuring the device, 5-8

initializing the system, 5-7

taking measurements, 5-8

triggering the device, 5-8

programming with NI -488 functions

example programs, 5-90 to 5-99
board functions, 5-96 to 5-99
device functions, 5-92to 5-95

R

RcvRespMsg, 3-14, 4-6, 4-19, 6-12
read and write functions, 3-14

read and write operations, 2-13

read and write termination, 3-6, 3-17
read data, 5-6

read functions, 3-8

read operations, 2-10, 2-13, 3-11, 4-6
ReadStatusByte, 4-6, 4-20, 6-12
Receive, 4-6, 4-21, 6-3, 6-12
ReceiveSetup, 3-14, 4-6, 4-22, 6-12
redirection to the GPIB, C-1

REM, 3-7,3-9, 3-11, 3-19

remote enable, 3-9, 5-2

remote enableline, 5-6

remote GPIB programming of devices, 4-5
remote program mode, 5-2

remote state, 3-7, 3-9, 3-19
remote with lockout, 4-7

REN, D-4. Seeremote enable.
renaming adevice, 2-4

request service, 5-6

ResetSys, 4-6, 4-23, 6-12

RFD, 2-12

routines, 2-14, 3-1t0 3-2, 3-4t0 3-6. See NI -488.2 routines.
routines, ibic. See ibic: routines.
RQS, 3-7,3-8t0 3-9, 3-16, 5-3, 5-4
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S

SCHI, 3-1
secondary address, 2-9, 5-6
selected device clear, 3-10
self-tests, 4-7
Send, 4-6, 4-24, 6-12
send commands, 5-5
SendCmds, 3-14, 4-6, 4-25, 6-12
SendDataBytes, 3-14, 4-6, 4-26, 6-12
SendIFC, 3-9, 3-13, 3-14, 4-7, 4-27, 6-12
SendList, 4-7, 4-28, 6-3, 6-12
SendLLO, 4-7,4-29, 6-12
SendSetup, 3-14, 4-7, 4-30, 6-12
seria poll

set/change, 5-6
seria poll byte, 5-6
serial palling, 3-3, 3-9, 3-16. Seealso automatic serial polling.
seria polls, 4-5

timeout, 4-5
servicerequest. See SRQ.
service requests, 3-8, 4-6,4-7. Seealso SRQ.
SetRWLS, 4-7,4-31, 6-12
shadow handshake, 3-8, 3-10, 3-14
signal assignment, D-6
signa interrupt, 3-18, 5-4
signal masks, 3-19

CIC, 3-19

DCAS, 3-19

DTAS, 3-19

LACS, 3-19

LOK, 3-19

REM, 3-19

SRQI, 3-19

TACS, 3-19
simple device

control, 4-2,4-3

1/0, 4-2,4-3
single-board configuration

device functions, 5-2
software configuration. See also ibconf.
software driver, 2-1
softwareinstallation, 2-1
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source handshake capability, 2-12
SRQ, 2-9, 2-12,5-21t05-3, 5-4t0 5-5, D-4
ling, 3-16, 4-7
stuck, 5-3,5-4
SRQlI, 2-9, 3-7, 3-8, 3-19, 5-4
Standard Commands for Programmable |nstrumentation. See SCPI.
standby, 5-6
star configuration, D-8
status bit, 5-6
status byte, 4-6
statuswords, 3-6t03-11. Seealsoibsta
STOPend, 3-17
synchronous I/O functions, 3-8
system control, 5-6
system controller, 2-5, 2-8, 2-12, 3-9, 3-14, 5-2, D-2

T

T1ldelay, 2-12
TACS, 3-7,3-10, 3-11, 3-19
talk address, 2-9, 3-10, 3-14
talker, 3-19, D-1to D-2
TCT, 3-13
terminate READ on EOS, 2-11
terminating aread operation, 2-11
TestSRQ, 4-7,4-32, 6-12
TestSys, 4-7,4-33, 6-12
timelimit, 5-6

on /O and wait function calls, 2-8
timeout, 3-8, 3-15, 4-5

code values, 5-79

1/0, 4-5

seria polls, 4-5

settings, 2-5, 2-9t02-10
timeout settings, 2-5, 2-9to 2-10
timeout value. See timeout settings.
TIMO, 2-9, 3-7, 3-8
Trigger, 4-7,4-34,6-12
trigger device, 5-6
TriggerList, 4-7,4-35, 6-12
type of compare on EOS, 2-11
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U

ugpib.h, 3-18

unit descriptor, 3-4, 3-12, 5-1

UNIX, 4-7

UNIX error code, 3-12

UNIX signal, 2-5, 2-13

unlisten, 3-10, 3-13

untalk, 3-10

upper level device map for board GPIBx, 2-3. Seealso ibconf.

W

wait mask, 5-3

WaitSRQ, 3-16, 4-5, 4-7, 4-36, 6-12
writecall, 3-13

write data, 5-6

write operations, 2-11, 2-12, 2-13, 3-10, 3-13
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